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1

1.1

The Application
Applicants

University of Otago

Type of application

Develop within a containment structure any
genetically modified organism (other than by
rapid assessment)

Application code

ERMA200041

Purpose of the application

To determine the functions of viral and cellular
proteins on cellular pathways, tissue physiology
and tissue immunology, by delivering genes to
animal cells and whole animals

What is this application for?
1.1.1

The reason this application has been brought to the Authority for consideration
is because the modification of cell lines and whole animal tissue with
recombinant retroviral, adeno-associated virus, and adenoviral vectors plus
baculovirus, papillomavirus, poxvirus and pseudovirions are not considered
low-risk because they conform to the Schedule 1(e) of the Regulations. Clause
1(e) refers to “developments involving viral vectors whose host range includes
human cells and that contain 1 or more inserted nucleic acids coding for a
product that can lead to uncontrolled mammalian cellular proliferation or be
toxic to mammalian cells, or both”. A number of the transgenes proposed to be
inserted into the viral vectors encode putative mammalian cell growth or
survival regulators.

Formal receipt of application

28 July 2009

Consideration date:

12 August 2009
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2

Points of Interest in Report
2.1.1

The applicants propose to study viral and cellular proteins, by altering their
expression in both cell lines and whole animal tissue. More specifically the
target proteins have roles in cellular pathways, cell and tissue physiology and
tissue immunology. The molecular tools needed to examine these proteins in
various cell types will be assisted with the use of viruses acting as means to
transport DNA into the cells and tissue.

2.1.2

There are many advantages of using viruses and viral vectors. For example,
some viruses have the ability to infect and introduce their DNA into many types
of cells of multiple species, thus once the researcher modifies the virus‟s
genome with the gene of interest (in this case viral and cellular proteins); it is
possible to efficiently introduce that gene of interest into a range of cell types
and tissues. In other cases, the specificity of a cell type that a particular virus
can infect or transduce lets the researcher focus the study on that cell type
without clouding the data acquired with potentially erroneous information.

2.1.3

To reduce the risks of virus use in the laboratory, but still benefit in their unique
value ie ability to introduce foreign DNA into various cell types with high
efficiency, many wild type viruses have been modified by removing critical
pieces of the genome and/or splitting essential viral genes up onto separate
genetic elements (essentially plasmids) which all need to be present in the
producer cell to produce the final product, a infectious viral particle. Examples
from this application include retroviral, adeno-associated virus, and adenoviral
vectors.

2.1.4

All the viral vectors and viruses in this application are used widely and routinely
throughout the world scientific community. We consider that the risks of using
either the viral vectors or viruses in this application are mitigated when handling
them according to procedures outlined in AS/NZS Standard 2243.3:2002, the
MAF/ERMA Standard: Facilities for Microorganisms and Cell Cultures 2007a
and MAF/ERMA Standard Containment Facilities for Vertebrate Laboratory
Animals using PC2 containment, with a few extra controls.

2.1.5

Alternatively some viruses still have not had that level of modification are still
used as tools in the laboratory, in this case the risk associated changes at the
different stages; production, storage, and use. Examples from this application
include baculovirus, papillomavirus, poxvirus and pseudovirions.

2.1.6

This report has been broken into two parts, reflecting the differences of hazards
and risks associated in using viral vectors (Part A), which have been attenuated
to remove their ability to self replicate once inside the target cell/tissue, and that
of using actual viruses that can self replicate (Part B).

2.1.7

A list of the viral vectors and self replication-competent viruses, with associated
risks are outlined in Table 1.1, and Table 1.2.

2.1.8

We considered that there is a wide range of gene families from which the
genetic material of the viral and cellular proteins to be studied may be sourced
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was appropriate because of the need to fully explore the complicated pathways
involved in involved in cell and tissue physiology and tissue immunology.
2.1.9

We note that this encompassing description provides flexibility for the
applicants to pursue the best available (including genes that are currently being
or yet to be defined/discovered) gene candidates as potential applications for
their studies and to capitalise on the benefits of this research. Although multiple
gene families are specified as sources of donor DNA, their putative functions
are very similar and therefore, their risk profiles will be very similar. The scope
of donor DNA and the use of viral vectors, of which some are identified in this
application is very similar to that described in GMD04026 (lentiviral and
adenoviral vectors) approved by the Authority in May 2004, and GMD03105
(Adenoviral and Retroviral vectors) approved by the Authority in June 2004.
We have verified that the references supplied by the applicants support the
scope of donor DNA specified in the application which will allow the applicants
to capitalise on the benefits of this research.

2.1.10

The applicants state that human DNA will only be obtained from existing
cloned human cDNA from laboratory or commercial sources will be used as
donor genetic material. Human DNA is required for these studies because the
applicants aim to study the function of genes in cell and tissue physiology
potential therapeutic targets for human medical disorders. Details of Māori
consultation concerning the use of human genetic material are provided in
Section 5.3 of this report.

2.1.11

We consider that the broad range of promoters and gene regulatory elements to
be used by the applicants will not alter the risk profile of the proposed genetic
modifications and is justified for this application which aims to study gene
expression and function of cell and tissue physiology to fully develop potential
products for use in livestock or human health applications.

2.1.12

Proposed controls for new organisms using replication-deficicent viral vectors
and replication-competent viruses are outlined in Section 9
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Table 1.1 Viral vectors
Name of viral
vector

Adenoviral
Modified with
viral genes
which have a
role in
manipulating
cellular
pathways in
viral infections
or leading to
aberrant
expression of
proteins in
cells, or
mammalian
genes
associated with
mammalian cell
and tissue
physiology, for
full list of genes
see Appendix 1:
Host organisms

Adenoassociated
virus
Modified with
viral genes
which have a
role in
manipulating
cellular
pathways in
viral infections
or leading to
aberrant
expression of
proteins in
cells, or

Once used to
transduce a cell
can viral vector
form more
infectious
particles?

Can the viral
vector
transduce
laboratory
workers – if so
how?

What are the
likely pathways
of escape from
containment?

Could it form a
self sustaining
population if it
did escape?

Highly
improbable, these
vectors are
replicationdeficient. The
viral vectors have
essential genes
removed which are
necessary to
produce a
replicative virus.

Yes , via a
needle-stick
injury or
through open
wound

-If a lab worker
was accidentally
inoculated with
the viral vector
(ie, needle stick
injury)
-In an
inoculated lab
animal escaping
containment
-In untreated
waste

Highly
improbable, as
these vectors are
designed not to
produce a
replicationcompetent virus
and if the lab
worker was
accidentally
inoculated will
be cleared by
the immune
system the

Through
aerosols

-The applicants
have noted,
adenoviral
vectors do have
a very low
possibility to
recombine to
produce a
replicationcompetent
adenovirus and
this probability
is related with
the scale of
production, thus
control 6.1.3.

The essential
genes are supplied
by the packaging
cell line in the
initial production
of the viral vector.

Highly
improbable, these
vectors are
replicationdeficient. The
viral vectors have
essential genes
removed which are
necessary to
produce a
replicative virus.
The essential
genes are supplied
by the packaging
cell line in the
initial production

Yes , via a
needle-stick
injury or
through open
wound
Through
aerosols

-If a lab worker
was accidentally
inoculated with
the viral vector
(ie, needle stick
injury)
-In an
inoculated lab
animal escaping
containment
-In untreated
waste

-Though the
infectious
particle cannot
replicate it can

Suggested
Containment

PC2

It is highly
improbable that
a self-sustaining
population can
form.

Highly
improbable, as
these vectors are
designed not to
produce a
replicationcompetent virus
and if the lab
worker was
accidentally
inoculated will
be cleared by
the immune
system the

PC2

It is highly
improbable that
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mammalian
genes
associated with
mammalian cell
and tissue
physiology, for
full list of genes
see Appendix 1:
Host organisms

of the viral vector.

Retroviral
including
lentiviralbased vectors

Highly
improbable, these
vectors are
replicationdeficient. The
viral vectors have
essential genes
removed which are
necessary to
produce a
replicative virus.

Modified with
viral genes
which have a
role in
manipulating
cellular
pathways in
viral infections
or leading to
aberrant
expression of
proteins in
cells, or
mammalian
genes
associated with
mammalian cell
and tissue
physiology, for
full list of genes
see Appendix 1:
Host organisms

The essential
genes are supplied
by the packaging
cell line in the
initial production
of the viral vector.

Yes , via a
needle-stick
injury or
through open
wound
Through
aerosols

integrate into
the host
genome.

a self-sustaining
population can
form.

-If a lab worker
was accidentally
inoculated with
the viral vector
(ie, needle stick
injury)
-In an
inoculated lab
animal escaping
containment
-In untreated
waste

Highly
improbable, as
these vectors are
designed not to
produce a
replicationcompetent virus
and if the lab
worker was
accidentally
inoculated will
be cleared by
the immune
system the

-Though the
infectious
particle cannot
replicate it can
integrate into
the host
genome.

PC2

It is highly
improbable that
a self-sustaining
population can
form.
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Table 1.2 Replication-competent Viruses
Name of Virus

Can it infect
laboratory workers
– if so how?

What are the likely
pathways of
escape?

Could it form a self
sustaining population
if it did escape?

Recommended

Baculovirus

Yes
Through open
wound.

Highly improbable, the
applicants proposes to
use a crippled strain of
baculovirus, which
renders the virus
extremely sensitive to
UV light (sunlight),
therefore would be
destroyed in the
environment.

PC1

Modified with viral
genes which have a
role in manipulating
cellular pathways in
viral infections or
leading to aberrant
expression of
proteins in cells, or
mammalian genes
associated with
mammalian cell and
tissue physiology,
for full list of genes
see Appendix 1:
Host organisms

-If a lab worker
accidentally
inoculated with the
viral vector.
-In an inoculated
cell line that escapes
containment
-In untreated waste

Papillomavirus

Yes

Modified with viral
genes which have a
role in manipulating
cellular pathways in
viral infections or
leading to aberrant
expression of
proteins in cells, or
mammalian genes
associated with
mammalian cell and
tissue physiology,
for full list of genes
see Appendix 1:
Host organisms

Needle-stick injury
or through open
wound

Pox virus

Yes

Modified with viral
genes which have a
role in manipulating
cellular pathways in
viral infections or
leading to aberrant
expression of
proteins in cells, or
mammalian genes

Needle-stick injury
or through open
wound

Containment

Cannot infect whole
insects and cannot
replicate in
mammalian cells.

Shedded scab
material through
open wound.

-If a lab worker
accidentally
inoculated with the
viral vector (ie,
needle stick injury)
-In an inoculated lab
animal that escapes
containment
-In untreated waste

Highly improbable,
individual
papillomavirus are
highly species specific.
Furthermore
papillomaviruses are
highly tissue specific,
which reduces the
likelihood of
spreading. Does not
persist in healthy
individuals

PC2

-If a lab worker
accidentally
inoculated with the
viral vector (ie,
needle stick injury)
-In an inoculated lab
animal that escapes
containment
-In untreated waste
-Shedded scab
material

Highly improbable, the
Orf virus does not
persist in healthy
individuals or cause
latent infections.
There are successful
topical treatment
options available.
Host range of Orf virus
is restricted to sheep,
goats and humans; this

PC2
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associated with
mammalian cell and
tissue physiology,
for full list of genes
see Appendix 1:
Host organisms

poses no threat to
native New Zealand
fauna and flora.
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PART A: USE OF GENETICALLY MODIFIED
REPLICATION-DEFECTIVE VIRAL VECTORS
3

Introduction
3.1.1

The applicants do not propose to design and construct the viral vectors in their
laboratory, but instead will use commercially available expression systems or
expression systems developed in other research laboratories. Therefore the risks
and benefits relating to the use of viral vectors (rather than the viruses the viral
vectors were derived from) will be assessed in Part A.

3.1.2

In molecular biology, a vector is a DNA molecule used as a vehicle to transfer
foreign genetic material into another cell. The four major types of vectors are
plasmids, bacteriophages and other viruses, cosmids, and artificial
chromosomes.

3.1.3

Viral vectors are a tool to deliver genetic material into cells. This process can be
performed inside a living organism (in vivo) or in cell culture (in vitro).

3.1.4

Note that in Part A there are references to viral infection in some cases, and
viral transduction in others. These terms are defined below.
Infection: Applies to situations where viral replication occurs and
infectious viral progeny are generated. Only cell lines that stably express
the E1 protein can be infected (expression of the E1 proteins is required
for the expression of the other viral genes).
Transduction: Applies to situations where no viral replication occurs and
no infectious viral progeny are generated. Mammalian cells that do not
express E1 are transduced. In this case, the viral vector is acting as a gene
delivery vehicle.

3.1.5

Viral vectors are normally genetically-engineered viruses carrying modified
viral DNA or RNA that has been rendered replication-defective, but still contain
viral promoters and also the transgene (gene of interest), thus allowing for
translation of the transgene.

3.1.6

The final output are viral particles, with the ability to transduce multiple types
of cells, but it has no ability to produce further infectious viral particle in those
transduced cells, this is called a replication-defective viral vector.

3.1.7

The replication-defective viral vectors proposed for this research have been
derived from classes of adenovirus, adeno-associated virus (AAV) and
retrovirus, which also includes lentivirus.

3.1.8

For clarity we have provided a diagram of the activities proposed for
replication-defective viral vectors in Figure 1 showing an overview of the
development and use of replication-defective viral vectors proposed in this
application.
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3.1.9

Many precautions against the formation of replicative viruses have been
designed into the commercial viral vector products the applicants propose to
use, which are discussed here and in more detail in Supplementary Document 1.
Adenoviral vectors

3.1.10

Group of viruses responsible for a spectrum of respiratory disease as well as
infection of the stomach and intestine (gastroenteritis), eyes (conjunctivitis), and
bladder (cystitis) and rash. Adenovirus respiratory diseases include a form of
the common cold, pneumonia, croup, and bronchitis. Patients with
compromised immune systems are especially susceptible to severe
complications of adenovirus infection (MedicineNet.com definition)

3.1.11

Adenoviruses infect a variety of non-dividing cells and even those associated
with highly differentiated tissues such as skeletal muscle, lung, brain and heart.
Since adenoviruses are able to deliver their genome to the nucleus and replicate
with high efficiency, they have been developed as vectors for expression and
delivery of therapeutic genes (Russell, 2000)

3.1.12

Adenovirus genomic DNA does not integrate into host genomes and is not
replicated during cell division, so transcription of the transgene is temporary.
Adenoviral vectors are used more commonly in in vitro experiments, thus are
looking for short term effects.
Adeno-associated virus (AAV) vectors

3.1.13

Adeno-associated virus (AAV) is a small virus which infects humans and some
other primate species. AAV is not currently known to cause disease and
consequently the virus causes a very mild immune response. AAV can infect
both dividing and non-dividing cells and may incorporate its genome into that of
the host cell. These features make AAV a very attractive candidate for creating
viral vectors for gene therapy.

3.1.14

AAV infectious particles produced via vectors can infect both dividing and nondividing cells. AAV vectors form episomal concatamers in the host cell nucleus
but can intergrate randomly into the host genome. In non-dividing cells, these
concatamers remain intact for the life of the host cell. In dividing cells, AAV
DNA is lost through cell division, since the episomal DNA is not replicated
along with the host cell DNA.

3.1.15

We evaluated that the risk associated with viral genome integration is highly
improbable as it requires multiple preventable events to concurrently occur and
if standards are kept (AS/NZ 2234:23, PC2 containment) no further controls are
needed.
Retroviral vectors

3.1.16

A retrovirus is an RNA virus that is replicated in a host cell via the enzyme
reverse transcriptase to produce DNA from its RNA genome. The DNA is then
incorporated into the host's genome by an integrase enzyme. The virus thereafter
replicates as part of the host cell's DNA.
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3.1.17

There is a concern for insertional mutagenesis because of the genome
integration (see 3.1.15). We feel that the likelihood of viral genome integration
is improbable as it requires multiple preventable events to concurrently occur
and if standards are kept (AS/NZ 2234:23, PC2 containment) and no further
controls are needed.
Lentiviral vectors

3.1.18

Lentiviruses are a subclass of retroviruses. They have recently been adapted as
vectors because to their ability to integrate into the genome of non-dividing
cells, which is the unique feature of lentiviruses as other retroviruses can infect
only dividing cells. The advantage of genome integration to the applicants is
that the transgene is continually expressed over a long period of time.

3.1.19

Lentivirus is primarily a research tool used to introduce a gene product into in
vitro systems or animal models. Large-scale collaborative efforts are underway
to use lentiviruses to block the expression of a specific gene using RNA
interference technology in high-throughput formats.

3.1.20

But, to date no studies have shown lentiviral integration causing an increase in
tumor incidence (Montini E et al 2006). We consider the likelihood of viral
genome integration is improbable if standards are kept (AS/NZ 2234:23, PC2
containment) no further controls are needed.
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Figure 1. Schematic of proposed methodology to produce and use replication-defective
viral vectors.
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3.2

How the replication defective viral vectors are to be used
3.2.1

Replication-defective viral vectors will be used to deliver transgenes to
mammalian cell lines (in vitro) and/or whole animals (in vivo). All viral vectors
proposed in the application will be rendered incapable of replication by
omission of viral sequences required for virion packaging and/or replication
from the expression vector.

3.2.2

Recombinant viruses will be grown in specific mammalian cell lines (see
organism/host description Table A1) and/or applied to mammalian cell lines
and/or a prepared area of skin of animals (see organism/host description Table
A1) to determine the effects of the modifications on the viral life cycle and host
physiology.
Host: Bacteria

3.2.3

Escherichia coli (Migula 1895) Castellani & Chalmers 1919 non-pathogenic
laboratory strains such as K-12 and B will be used to amplify plasmids
containing recombinant DNA sequences. These are non-pathogenic laboratory
strains and are not expected to contain any likely inseparable organisms. No
viral particles are produced in Escherichia coli.
Host: Mammalian Cells Lines.

1

3.2.4

Mammalian cell lines and primary cultures include epithelial or fibroblasts cell
types- which are cells associated with skin (see organism/host description Table
A1). Also specialised mammalian cell lines that are used to produce infectious
viral particles.

3.2.5

The in vitro model (Step 3 in Figure 1), the applicants state that target cell
cultures will include mammalian primary and immortalised cell lines from
human, mouse, monkey, sheep, cattle, dog, rabbit or hamster (also listed in
Appendix 1: Host organisms). Cell lines will be used to titre viral stocks and
test the efficiency of transduction, this will result by either the expression of the
transgene protein or non-coding RNA (sense or antisense construct) or the
inhibition of endogenous protein expression (siRNA construct) in the cells.
More specific information on the examples of genes is given in Supplementary
document 3, and organism/host description Table A1 (page 40 of the
application).

3.2.6

Ethical permission will be obtained from the applicants‟ respective ethics
committee before primary cells are harvested from animals or humans (see see
organism/host description Table A1 for proposed list). Any human genetic
material or cells used will be derived from non-Maori donors (pages 12 and 33
in application).

3.2.7

Cell lines used to produce the recombinant viral vectors1 have been extensively
characterised and are completely free of helper virus2. These cell lines will be

These cell lines are often referred to by the applicants and other scientists as retrovirus producer or packaging
cell lines.
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transiently transfected to produce recombinant viral vectors and will not acquire
any new characteristics other than the transient ability to secrete infectious but
replication-defective recombinant viral vectors carrying the transgene of
interest. The applicants state they will destroy the producer cells following the
viral vector production process.
3.2.8

Cultured mammalian cell lines (primary and immortalised) will be used to titre
viral stocks3, test transgene expression and function following transduction with
the viral vectors.
Host: Animals.

2
3

3.2.9

The in vivo models (Step 4 in Figure 1) animals (including transgenic) to be
used in this research are; mouse, rat, and rabbit (also listed in see organism/host
description Table A1)

3.2.10

Viral vectors will be delivered to the skin of animals that has been previously
abraded using a rotary device (for example, Animal ethics approval No.89/07)
or scarified using a needle (for example, Animal ethics approval No.70/02) or
other appropriate methods of scarification. Skin abrasion and scarification
stimulates formation of a bed of dividing epidermal cells under the occlusive
scab, beneath which the viral vectors will be injected. Viral vectors are
confined to the delivery site.

3.2.11

The applicants also will use viral vectors as transgene delivery vehicles to other
somatic tissues but will not deliberately make germ-line modifications of the
animals. One aim of this line of work is to observe the effects of transgene
production on the immune response.

3.2.12

We considered the possibility of gene transfer occurring from animal somatic
tissues to germ cells to be highly improbable because the viral vectors are
replication-defective and are unable to replicate within cells. From the literature
assessed while putting together this E&R report, no scientific reports where
found demonstrating replication-defective viral vectors transferring from a
somatic tissue to a germ cell.

3.2.13

The in vivo model provides a highly controllable system to determine how viral
or cellular proteins manipulate the skin physiology.

3.2.14

Live animals transduced with recombinant viral vectors will be maintained
inside indoor MAF-approved, animal containment facilities. These facilities
have been approved in accordance with MAF/ERMA New Zealand Standard:
Containment Facilities for Vertebrate Laboratory Animals, at PC2 level of
containment.

Helper viruses are used in the production of some types of virus, to help package.
Titring viral stocks are to estimate the concentration, ie number of virons.
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3.3

What are the hazardous characteristics of replication-defective viral
vectors?
3.3.1

Viral vectors are unable to establish self-sustaining populations since they
cannot propagate themselves in the absence of specific mammalian host cells
that express vital viral genes missing from the viral vectors. The particular viral
vectors in this application (adenovirus, adeno-associated virus and retrovirus
including lentivirus) have all been rendered replication-defective by removal of
viral regulatory, structural or packaging genes. The necessary gene products are
supplied in trans within the cultured producer cells during preparation of viral
particles, but are not available when applied to the experimental target cells.
Therefore, once the cells have been infected and the viruses have delivered their
genetic payload, no further viral particles can be produced to infect other cells.

3.3.2

We note that no genes should be cloned into a viral vector that could make
products that act functionally similar to products specifically removed to make a
replication-defective vector.
Adenovirus vectors

3.3.3

Adenoviral vector particles do not integrate into the host genome. Transduction
is temporary and self-limiting, ie the viral particles will be cleared in live
animals by their immune response (reviewed in Muruve, 2004).

3.3.4

We note though that adenoviruses are infectious to humans, and have been
shown to cause mild respiratory illness, pink eye or gastroenteritis. Rare cases
of severe disease can occur, and its use as a genetic vector therefore requires the
use of adequate containment equipment and practices including the use of Class
II Biological Safety Cabinets.

3.3.5

The applicant has noted, and we concur with the warning that there is a chance
to produce a replication-competent adenovirus in the process of producing the
recombinant adenoviral vector particles. The genomic copy of E1 in the
standard human packaging cell line contains homologous regions of overlap
with the adenoviral vectors. In rare instances, it is possible for homologous
recombination to occur between the E1 genomic region in the human packaging
cell line and the viral vector DNA, causing the transgene to be replaced with the
E1 region (Lochmuller et al., 1994). This event is most likely to occur during
large-scale preparation or amplification of virus because as the probability is
proportional to the scale of production. The growth advantages of the
replication-competent adenovirus allow it to quickly overtake cultures of
recombinant adenoviral vector particles. Care must be taken when producing
this vector so not to produce a „wild-type‟ adenovirus.

Page 16 of 77

Adeno-associated virus vectors
3.3.6

Adeno-associated virus vectors are capable to producing viral particles capable
of infecting humans but have no known disease association. Some AAV types
are common in the general population, and these viruses have the ability to
integrate into the host chromosome albeit at a low probability.

3.3.7

Wild type AAV integrates preferentially into human chromosome 19, while
recombinant vectors lose this specificity and appear to integrate randomly,
thereby posing a theoretical risk of insertional mutagenesis (mutagenesis of
DNA by the insertion of one or more bases e.g. inserting within an active gene,
and producing a hybrid fusion with unknown function, or inactivating that
gene).

3.3.8

We believe that the risk associated with viral genome integration is highly
improbable if standards are kept (AS/NZ 2234:23 using PC2 containment).
Retrovirus vectors

3.3.9

Retroviruses are infectious viruses which can integrate into transduced cells
with high frequency, and which may have oncogenic potential in their natural
hosts.

3.3.10

Retrovirus vector systems are typically based on murine viruses - most
commonly, these systems include ecotropic viruses (which can infect only
murine cells), amphotropic viruses (which can infect human cells) or
pseudotyped viruses, when vector particles express glycoproteins derived from
other enveloped viruses (which can also infect human cells).

3.3.11

Lentiviruses are a subset of retroviruses, with the ability to integrate into host
chromosomes, and to infect non-dividing cells. These viruses can cause severe
immunologic and neurologic disease in their natural hosts. Lentivirus vector
systems can include viruses of non-human origin (feline immunodeficiency
virus, equine infectious anaemia virus) as well as simianviruses (simian
immunodeficiency virus) and human viruses (HIV).

3.3.12

Furthermore recent generation retroviral vectors have been modified contain a
mutation or deletion in the 3‟ long terminal repeat (LTR) and are considered
“self-inactivating” (SIN). The 3‟ LTR contains the major transcriptional
functions of the viral genome and is copied to the 5‟LTR during reverse
transcription, so that the integrated lentiviral genome lacks an active viral
promoter. These are deemed 3rd generation retroviral viral vectors.

3.3.13

We believe that the risk associated with viral genome integration is improbable
if standards are kept (AS/NZ 2234:23 using PC2 containment).
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4
4.1

How do the applicants propose to manage risk?
Description of the procedures proposed by the applicants to use or
contain
4.1.1

In assessing the risks, the adequacy of the proposed containment regime has
been assessed (section 45(1) (a) (iii) of the HSNO Act) in relation to the ability
of the organisms to escape containment.

4.1.2

In accordance with sections 37 of the HSNO Act, we have assessed the ability
of the organisms to establish undesirable self-sustaining populations, should
they escape from containment, and the ease with which such populations could
be eradicated. In evaluating these matters, clause 22 of the Methodology has
been taken into account.

4.1.3

In considering the ability of the organisms to escape from containment, we have
proposed a set of controls to manage that risk (refer to controls listed in section
9 of this report). The containment regime is discussed under specific headings
below.

4.1.4

The applicants state that the proposed adenovirus, adeno-associated and
retrovirus viral vectors are able to transduce human cells. This creates the risk of
transduction of laboratory workers. (The public and non-specialist staff
members shall be excluded from the laboratory when this work is being
undertaken.) However, the possibility of such transduction is minimised by the
structural and operational features of the laboratory. Strictly applied
procedures, as specified in the training and operating manuals include:
access to PC2 laboratory (by the Microorganism and Vertebrate Standard) will
be limited to trained staff via locked doors
personal protective equipment (lab coat, gloves, mask) will be worn
all cell and viral cultures will be handled within a Class II Biological Safety
Cabinet
all consumables and labware will be chemically disinfected (with “Virkon”)
only essential sharp instruments will be used with viral cultures
laboratory workers shall not transduce cells taken from themselves or their
colleagues
no wild type virus work will be undertaken in the class II hood where
recombinant virus is being handled
work with different classes of viral vectors will be temporally or spatially
separated
a routine laboratory decontamination programme will be followed

Facility approval and physical containment level
4.1.5

If approved, the development of genetically modified animal‟s cell lines using
viral vectors outlined in Appendix 1: Table A1: Organism/host description
would be carried out at PC2 facilities approved to MAF/ERMA New Zealand
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Standard: Facilities for Microorganisms and Cell Cultures 2007a
(Microorganism standard) at University of Otago.
4.1.6

If approved, the development and handling of the adenoviral, adeno-associated
viral and lentiviral vectors would be undertaken in a class II biological safety
cabinet as defined by clause 1.3.5.2 of the AS/NZS Standard 2243.3:2002.

4.1.7

If approved, the exposure of viral vectors to tissues of whole animals outlined in
Appendix 1: Table A1: Organism/host description would be carried out in the
University of Otago, in PC2 approved animal facilities according to the
MAF/ERMA New Zealand Standard: Containment Facilities for Vertebrate
Laboratory Animals (Vertebrate standard).

4.1.8

We have assessed each of the applicant‟s appendix III-IV (Containment and
Containment and Transitional Facility Manual for University of Otago and
Standard Operating Procedures for Viral Vectors from University of Otago) and
found them to have clear protocols that are at or above the Microorganisms
standard and Vertebrate standard for PC2 containment. There was specific
mention of procedures when working with adeno and retroviral vectors.
Though the use of adeno-associated viral vectors is not mentioned specifically
we consider that the specific risk management outlined for the other two vectors
adequately covers that for rAAV.
Mouse and Rat

4.1.9

Live animals will be transduced with the viral vector(s) containing foreign
genes in a Class II Biological Safety Cabinet in a PC2 containment facility.
Live animals will be maintained in a MAF-approved animal containment
facility, in microisolator cages. Microisolator cages are solid polycarbonate
with filtered-top lids designed to prevent transmission of microorganisms
including viruses in and out of the boxes. Animals contained for more than two
weeks after infection with a recombinant viral vector will be regarded as no
longer infectious and can be housed in standard mouse cages. Various strains of
transgenic mice and rats are currently held in the PC2 containment facilities.
Facilities have been approved in accordance with Vertebrate standard. Access
is restricted by electronic swipe card to authorised investigators and animal
maintenance staff. The PC2 animal rooms are isolated by lockable doors and a
sprung, rodent-proof barrier. Access to these restricted areas is only given to
staff directly responsible for projects being conducted there. Animal carcasses
used bedding litter and other waste is collected separately from standard waste
and disposed of by a biomedical waste company.
Rabbit

4.1.10

Transduction of animal tissues of rabbits with recombinant viral vectors will be
carried out in MAF approved containment facilities. The applicants will seek
prior approval from MAF to transfer modified organisms between facilities.
These facilities have been approved as suitable containment facilities for large
animals in accordance with Vertebrate Standard. Containment Facilities for
Vertebrate Laboratory Animals have been approved as providing the level of
containment deemed appropriate for the proposed work in line with the
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Microorganism Standard. The facilities meet the requirements of animal house
containment level PC2 as defined in AS/NZS 2243.3. All personnel intending
to work in these facilities will be required to wear protective clothing such as
disposable gown, gloves, mask, shoe covers and hat. All used disposable
clothing will be disposed of in the biohazard receptacle contained in the facility.
On completion of the experiment, the room will be either be fumigated with
formaldehyde or disinfected with 1% virkon or 1% trigene. Animal carcases
will be disposed of by incineration.
4.1.11

Animals will be housed in cages, for example, rabbits will be individually
housed in rabbit racks which contain six cages. There are perforations on the
sides and back of the cages for ventilation. The floors have 1 cm holes drilled
throughout the sheet. This allows urine and faecal material to drop through onto
the plastic collection trays. Waste in the trays will be transferred to plastic
MediWaste bags to be sterilised and disposed of by MediWaste. The trays are
changed once each week and old trays will be disinfected with 1% virkon or 1%
trigene. On completion of the experiment, the room will be either be fumigated
with formaldehyde or disinfected with 1% virkon or 1% trigene. Animal
carcases will be disposed of by incineration.

4.1.12

Operations involving viral vectors and viruses will initially be the responsibility
of staff members who have had previous experience in virus laboratories run
according to at least PC2 Microorganism and Vertebrate standards till other
staff are trained.

4.1.13

We feel this level of containment is sufficient to prevent the escape of the
animals and thus the prevention and escape of the viral vectors is highly
improbable.

Inadvertent and deliberate of removal replication-defective viral vectors
from the facility
4.1.14

The applicants consider the inadvertent removal of genetically modified cell
lines, viral vectors and genetically modified animals from the facility to be
highly improbable, as the access to the facilities is limited to trained staff or
visitors accompanied by trained staff as set out by the MAF/ERMA Standards.
The access to the facility will be regulated by the use of swipe card and key
access with access only to authorised personnel.

4.1.15

The applicants consider the inadvertent or deliberate removal of viral vectors
and infected cell lines from storage to be highly improbable, as the above
material is stored in a section of a locked -80˚C freezer or liquid nitrogen tank
specifically designated for this purpose and a log is kept of the volumes and
number of tubes of each viral stock stored and the infected cell lines in
accordance with the MAF/ERMA NZ Standard listed in sections 4.1.5 and 4.1.7
of this document.

4.1.16

The applicants consider inadvertent or deliberate removal of viable biological
material from waste highly improbable, as disposal of the microorganisms and
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biological waste will be carried out as described in accordance with the
Microorganism standard and AS/NZS 2243.3:2002.
4.1.17

In assessing the risks of inadvertent or deliberate removal of organisms we have
taken into account the skills and experience of the applicants and consider that
accidental or deliberate removal of the organisms from containment would be
highly improbable. Should containment be breached then contingency plans are
in place for retrieval of any material or destruction of any organisms outside of
containment in accordance with section 4.7 of the Vertebrate standard and
section 4.9 of the Microorganism standard.

4.1.18

The contingency plans in the microorganism and vertebrate laboratory animal
containment facilities contain measures that would prevent the escape of
genetically modified cell lines, viral vectors and animals (to recover or
eradicate) in cases of fire, evacuation, sabotage, theft or any other emergency.

4.1.19

We determine that given the proposed containment regime the likelihood of
release, either deliberate or inadvertent, of GM mammalian cells, viral vectors
and animals is highly improbable.
Staff training

4.1.20

We notes that general requirements for staff training within facilities are
covered under the Microorganism and Vertebrate standard
Escape and survival of genetically modified cell lines

4.1.21

The escape of genetically modified cell lines is highly improbable as they are
unable to move outside of the containment structure without the assistance of
humans. Swipe card access to the containment facility limits the possibility of
sabotage, which is the most likely route for escape of cell lines. Accidental
removal of the cell lines is highly improbable if the Microorganism standard is
adhered to.

4.1.22

The mammalian cell lines are dependent on specific growth conditions and are
unable to survive outside of the laboratory. In the highly improbable event that
cell lines are removed from the containment facility, they will die without the
appropriate growth media and incubation conditions. Therefore, we consider it
highly improbable that genetically modified cell lines will escape from
containment and form self-sustaining populations.
Escape and survival of genetically modified viral vectors

4.1.23

There are four potential pathways for the escape of viral vectors from
containment:
inadvertent removal of vectors by personnel within the facility (see
sections 4.1.14 to 4.1.17 of this report)
sabotage or deliberate removal of vectors from the facility (see sections
4.1.14 to 4.1.17)
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removal of cell lines or rodents infected with viral vectors from the
facility (see sections 4.1.21 to 4.1.22 and 4.1.32 to 4.1.36 of this report).
inadvertent infection of personnel working with the vectors (see sections
4.1.37 to 4.1.53 of this report)

2

4.1.24

The production of the viral vectors are not low risk as defined in the HSNO
(Low-Risk Genetic Modification) Regulations (2003) and will be carried out
under PC2 level containment conditions defined by Microorganism standard
and additional controls in this report.

4.1.25

In order to minimise the risk of accidental colonisation of workers with infected
cell lines, laboratory workers should not infect cultures of their own cells, nor,
as a general rule, those of their immediate family or other members of the
laboratory staff.

4.1.26

All experiments involving generation and handling of viral vectors that may
generate aerosols2 will occur in a HEPA-filtered Class II Biosafety Cabinet.
According to the applicants, work with different classes of viral vectors will be
temporally or spatially with dedicated Class II Biosafety Cabinet and CO2
incubator.

4.1.27

The use of the Class II Cabinet and the technique of using spill trays as
described by the applicants will reduce the likelihood of escape of viral vectors
to highly improbable.

4.1.28

The viral vectors used in these experiments are replication-defective so they are
only able to transduce cells they come in contact with initially, and are unable to
produce any more infectious viral particles. Any transduction resulting from the
vectors is unable to spread either within the organism or from one organism to
another. In addition, according to the UK Advisory Committee on Genetic
Modification, lentiviruses require close contact for their transmission and their
survival in the general environment is poor (ACGM Compendium of Guidance,
2000). Therefore, it is highly improbable that the viral vectors will establish a
self-sustaining population if they escaped from containment.

4.1.29

We consider that for replication-defective viruses, the specificity of the
envelope of the viral vectors is a major consideration in assigning the
appropriate level of containment. This specificity is determined by the env
sequences expressed within the packaging cell line. The applicants have
indicated that they wish to develop lentiviral and adenoviral vectors which have
a broad range of potential hosts (ie mammalian cells, including human).
Therefore, we consider that given the wide range of potential host cell types that
may be infected by these vectors and the potential for the route of transmission
to be altered, that the production and use of these viral vectors should be kept at
containment level of PC2 following the recommendation of the AS/NZS
2243.3:2002 standard, microorganism standard and vertebrate standard.

An aerosol is a suspension in air of finely dispersed solids or liquids (AS/NZS 2243.3:2002).
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4.1.30

We note that there is the potential to generate replication-competent viruses via
recombination either within the packaging cell or with endogenous viral
sequences in infected cells or animals but this pathway is considered highly
improbable (the potential for recombination to generate new viruses is assessed
in section 3.3.5 of this report). There is a degree of uncertainty concerning
whether such a virus would establish a self-sustaining population following
escape (which is considered highly improbable) from containment as this
depends on contact with a susceptible host species and the fitness of the
recombinant virus which are unknown.

4.1.31

We consider that there is uncertainty concerning whether in the highly
improbable event that a replication-competent virus was generated by
recombination and it escaped and established outside of containment that it
could be eradicated. We consider the options for managing the potential risks to
be based on the adequacy of containment. Therefore, with the proposed
containment regime and controls (section 4.1.4 - 4.1.9 and section 9 of this
report) the likelihood of escape of replication-competent virus is highly
improbable.
Escape and survival of animals treated with genetically modified viral
vectors

4.1.32

The animals will be housed in a designated GMO animal housing area that
meets requirements of the Vertebrate Standard and has swipe-card controlled
access. All bedding material for GM animals are collected and incinerated
separately from normal bedding material through a MAF-approved
incineration/disposal facility. We note that adherence to the above practices as
set out by the Vertebrate standard will make it highly improbable that a
genetically modified organism will escape the containment facility.

4.1.33

In the highly improbable event of escape, it is possible that the animals treated
with the genetically modified viral vectors may survive and breed with wild
animals of same species; however, no transfer of the transgene would occur to
the progeny because the applicants does not intend to undertake germ-line
transfer of the transgene in the animals outline in Appendix 1: Table A1:
Organism/host description.

4.1.34

We consider that the proposed modifications of animals with genetically
modified viral vectors will not increase the likelihood of the animals escaping or
surviving outside of containment. Therefore, the containment of the animals will
not be considered to be different from any other animal of the same species, as
defined in the Vertebrate standard.

4.1.35

The contingency plans for the animal containment facility contain measures that
would prevent the escape of the animals in cases of fire, evacuation, sabotage,
theft or any other emergency.

4.1.36

A study by Oualikene et al. (1994) indicated that the likelihood of excretion of
replication-defective adenoviral vectors by rodents is highly improbable. When
the vector was administered to mice by 3 days post-inoculation there were
almost undetectable levels found. Therefore, we feel it is highly improbable
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that escaped rodents and similarly all the other animals outlined in (see
Appendix 1: Host organisms) would release viral vectors into the environment.
Potential of viral vectors to infect laboratory personnel
4.1.37

The injection of the animals with the modified viral vectors has been identified
by the applicants as being the phase of the work that has the greatest potential
risks to laboratory personnel.

4.1.38

We also consider that the major occupational risks of working with viral vectors
are associated with needle stick injury (as might occur during animal
inoculation), exposure to open wounds and aerosolisation of high titre virus
stocks (Fleming and Hunt, 2000).

4.1.39

To address these issues the applicants proposes:
A clearly defined surgical facility in the PC2 (defined by the Vertebrate
standard) containment facility for vertebrate laboratory animals. Use of
work practices in clause 4.8.6 of the AS/NZS 2243.3:2002.
Stock concentrated viral cultures will be stored in unbreakable plastic
tubes in volumes of less than 5 mL containing a maximum of ~1 X 1015
infectious particles, though the concentrations of viral particles will be
much lower (see 4.1.38-39).

4.1.40

To reduce the likelihood of propagating replication-competent adenovirus
contaminated adenoviral stocks: We recommend that the applicant perform
routine screening for the presence of wild-type replication-competent
adenovirus contamination after large-scale viral preparations. Suitable methods
to screen for replication-competent adenovirus contamination includes PCR
screening (Zhang et al. 1995) or supernatant rescue assays (Dion et al. 1996).

4.1.41

Infection with retroviruses requires a certain volume of infectious particles
before the infection is established and gene transfer can occur. Research from
human gene therapy trials cited by the applicants has demonstrated that
infection with between 1 X 1012 and 1 X 1013 viral particles was required before
efficient gene transfer occurred to the patient (Reid et al. 2002).

4.1.42

The applicants state that they will be working with ~100 µL volumes containing
approximately 1 X 1010 viral particles when injecting live animals, therefore
reducing the likelihood of infection of laboratory personnel to be an improbable
event.

4.1.43

As the viral vector is replication-defective, if in the unlikely event of a needle
stick injury only a very small number of cells would potentially be transduced
as so little virus would be exposed to the injured person, also the innate immune
system is very quick to destroy foreign invaders. No new virus would be
produced from any cells transduced. We consider that given the small volumes
of viral vector to be used that it is improbable that laboratory workers would be
successfully transduced following exposure by needle stick injury or contact
with aerosols.
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4.1.44

Other preventative measures proposed by the applicants beyond what is outlined
in the AS/NZS 2243.3:2002 Standard, Microorganism Standard, and Vertebrate
Standard at PC2 conditions to reduce the risks to laboratory personnel include
dishes and plates of cells containing infectious viral vectors will be handled in
larger plates (or inverted lids known as spill trays) to provide traps for
accidental spillage.

4.1.45

We note that needle stick injuries are one of the most likely avenues to
accidently inoculate laboratory personnel to with an infectious viral vector so
careful adherence to AS/NZS 2243.3:2002 PC2 level requirements specifying
the work practices (clause 4.8.6 c) to be employed to prevent needle stick
injuries when using syringes or needles.

4.1.46

In order to minimise the risk of accidental colonisation of workers with infected
cell lines, laboratory workers should not infect cultures of their own cells, nor,
as a general rule, those of their immediate family or other members of the
laboratory (controls section 9.1.9)

4.1.47

There is no evidence that laboratory clothing poses a risk for retrovirus
transmission (Richmond and McKinney, 1999); however, clothing that becomes
contaminated with viral vectors should be decontaminated before being
laundered or discarded. Laboratory personnel must remove laboratory clothing
before going to non-laboratory areas. These measures are covered in the
AS/NZS 2243.3:2002 (clauses 4.7.4 and 4.8.7).

4.1.48

We consider that adhering to the above guidelines will make it improbable that
laboratory personnel will be infected by routine handling of these viral vectors.

4.1.49

Key factors to consider concerning the identification of hazards from
recombinant viral vectors are:
Alteration of tissue tropism or host range
Increase in infectivity or pathogenicity
Availability of prophylaxis or therapy

4.1.50

At least some of the viral vectors developed will have an increased host range
when compared to the wild type virus from which they were derived. This
increased host range will mean that a number of human cell types will become
susceptible to viral infection.

4.1.51

None of the genetic modifications are expected to show an increase in
infectivity (other than the broader cell tropism) or pathogenicity because
virulence factors (such as an ability to evade the host immune response) have
not been introduced into the viral vectors. However, the vectors may contain
some potentially oncogenic sequences which may cause adverse effects on
human health and are assessed in Supplementary Document 3.

4.1.52

Currently no vaccines are available for any of the viruses in this application.
The genetic modifications are not expected to affect viral susceptibility to antiPage 25 of 77

viral drugs and the normal immune status of the worker would be expected to
afford some protection against infection with the genetically modified viral
vectors.
4.1.53

All of these factors should all be taken into account in the wider context of the
replication-defective nature of these viral vectors. Transduction is limited to
exposure of the first cell the viral vector is in contact with. This means that the
vectors will only be able to introduce its genome to an exposed host and cannot
go on to establish an ongoing viral infection. Therefore we consider it highly
improbable that laboratory workers will become infected with recombinant viral
vectors.

4.1.54

We consider that adhering to the Microorganism and Vertebrate containment
standards and additional controls will make it highly improbable laboratory
personnel will be infected during this work.
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5
5.1

Assessment of adverse effects
What are the potentially significant adverse effects on human health
and safety?

Figure 2: Event tree for potential adverse effects on human health due to recombinant
viral vectors

Effect: Occupational exposure of infectious recombinant viral vectors to laboratory
workers through needle-stick injury
5.1.1

We consider that needle stick injuries the most likely avenue of exposure of
laboratory personnelto an infectious viral vector. We considered the likelihood
of rrecombinant viral vectors to spread disease in humans, native or valued
fauna or having adverse effects on the environment to be negligible because of
mitigating factors required by the Standard AS/NZS 2243.3:2002 at
containment level PC2 and extra controls that would be put in place by the
Authority.
In the improbable case of a needle stick injury, the amount of virus being
exposed to the laboratory worker will be so small that it is highly improbable for
the viral vector to integrate, and will most likely be cleared from the body by the
innate immune system.

5.2

What are the potentially significant adverse effects on Māori
interests and concerns?
5.2.1

In accordance with ERMA New Zealand policy the applicants were required to
consult with Māori locally due to the nature of the application and in particular
the proposed use of human genetic material. This consultation was undertaken
with members of the Ngai tahu representative on Otago University Institutional
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Biological Safety Committee (IBSC). We consider that the consultation
conducted was appropriate to the nature of the application.
5.2.2

Iwi/Māori have long expressed concern, from a cultural perspective, about the
manipulation of human genetic material and the mixing of genes between
species. This concern is based on the importance in Māori culture of
whakapapa (genealogy) as a means for both identifying and recognising ones
origins, as well as providing a direct link to the tūpuna (ancestors) and atua
(spiritual guardians). This connection is considered tapu (sacred) and
transgression of this state can be met with significant consequence if not
conducted with due consideration to tikanga Māori (Māori protocol).

5.2.3

In addition all living things, both animate and inanimate are imbued with a
mauri (life essence) which is critical to the holistic health and well-being of the
object and its surrounding environment. Some consider that to tamper with
ones whakapapa, without due recognition of its tapu state, can adversely effect
its mauri and potentially cause disruption to the natural balance of the
environment within which it exists.

5.2.4

In terms of this application, the iwi/Māori representatives consulted, and we,
recognise that the research proposes to only use human genetic material from
non-Māori sources, and is to be conducted in containment. For these reasons,
and in considering the cultural implications outlined above, we consider it
highly improbable that the research is likely to have significant effect to the
relationship of Māori to their culture and traditions.

5.2.5

We also consider that the potential risks to the whakapapa, mauri and tapu of
native or valued fauna caused by the regeneration, escape and transfer of
recombinant viral vectors to have minimal magnitude and highly improbable
likelihood for the reasons outlined in Section 4 of this report.

PART B: USE OF GENETICALLY MODIFIED
REPLICATION-COMPETENT VIRUSES
6

Introduction
6.1.1

Viruses are non cellular infectious agents of cellular organisms capable of
altering the expression of genetic material within the host organisms and
sometimes altering the genome of the host organism.

6.1.2

The advantage to using replication-competent viruses that are proposed by the
applicants are their ability to transduce specific cell and tissue types which viral
vectors are not capable or as specific, eg papillomavirus replicates exclusively
in basement membrane skin cells (not the top layers). Another advantage is the
simplicity of producing high concentrations of protein from the transgene for
molecular study ( for example the baculovirus system).

6.1.3

Replication-competent viruses proposed for this research are baculovirus
(Autographa californica nuclear polyhedrosis virus), papillomavirus, and
poxvirus such as vaccinia virus and Orf virus.
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6.1.4

The final product is viral particles, with the ability to infect multiple types of
cells, which have the ability to produce further infectious viral particles in those
infected cells ie replication-competent.

6.1.5

More detail about each virus is available in Supplementary Document 2. For
clarity we have provided a diagram of the activities proposed for replicationcompetent viruses in Figure 3 fas well as a short summary describing points
specific to each of the replication-competent viruses proposed in this
application.
Baculoviruses

6.1.6

Baculoviruses are a family of large rod-shaped viruses that can be divided to
two genera: nucleopolyhedroviruses (NPV) and granuloviruses (GV).
Baculoviruses have very species-specific tropisms (target) among the
invertebrates. Baculoviruses are incapable of replication in mammalian cells,
but have been shown to transduce mammalian cells at high efficiency.

6.1.7

Owing to their non-infectivity of vertebrates, baculoviruses are safe to work
with in the laboratory and have been developed as a protein expression system.
Over the last 20 years, the baculovirus-insect cell system has become one of the
most widely used systems for routine production of recombinant proteins (Kost
et al, 2005). Baculoviruses are classified as Risk Group 1 microorganisms in the
AS/NZS 2243.3:2002 Standard.

6.1.8

The applicants stated they will be producing crippled strains of baculoviruses in
which the polyhedrin gene has been deleted. Polyhedrin is essential for the viral
transmission in the environment and the absence of the gene renders the virus
extremely sensitive to UV light (including sunlight).
Papillomaviruses

6.1.9

Papillomaviruses are a diverse group of non-enveloped DNA viruses that infect
animals ranging from birds to manatees. More than 100 different human
papillomavirus (HPV) types have also been identified. Papillomaviruses are
classified as Risk Group 2 microorganisms in the AS/NZS 2243.3:2002
Standard

6.1.10

In general, papillomaviruses are species specific; there are no examples of a
papillomavirus isolated from one species causing a productive infection in
another animal species. This prevents adaptations of human papillomavirus
(HPV) to experimental animals (Howley and Lowry, 2001).

6.1.11

Papillomaviruses gain access to keratinocyte cells (the only cell type they can
infect) only through small wounds. Thus we recommend that strict adherence to
AS/NZS 2243.3:2002 PC2 containment procedures will limit any type of
exposure of laboratory personnel.
Poxviruses

6.1.12

There are at least 35 poxviruses that are found in vertebrates. Except for two
species that cause human infections, poxvirus infections of human are zoonotic
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(transmissible from animals to humans). Zoonotic poxviruses may also cause
significant livestock disease, and there are also several poxviruses that do not
infect humans but are important pathogens of domestic, wild and laboratory
animals. Amongst these, Sheep poxvirus and Fowl pox virus may cause
significant losses in domesticated animals, and Myxoma virus, myxomatosis in
rabbits.
6.1.13

The applicant has applied for approval to develop any poxvirus in PC2
containment. We note that some of these species are new organisms and some
are also on the Unwanted Organisms Register of MAF BNZ. This includes
Sheep pox, Goat pox, Psittacine pox, Monkey pox, Mouse pox, Cow pox,
Myxoma virus. These poxviruses require permission from a MAF chief
technical officer under s52/53 of the Biosecurity Act 1993 be held and/or
propogated.

6.1.14

Orf virus infects via broken, scarified or otherwise damaged skin and replicates
in epidermal cells.

6.1.15

There have been previous approvals granted by ERMA and IBSC‟s to work
with Orf. As there is interest in its biology in the farming community as it poses
a major health and welfare problem in sheep, particularly in neonatal lambs and
nursing ewes, and can lead to significant economic losses. The importance of orf
to research scientists is that the virus can repeatedly infect sheep and goats in
spite of the presence of a vigorous host immune and inflammatory response to
infection (Haig et al., 1996, 1997).

6.1.16

Vaccinia virus is classified as a Risk Group 2 species according to the AS/NZS
2243.3.2002 standard.
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Figure 3. Schematic of proposed methodology to produce and use replication-competent
viruses.
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6.2

How are the replication-competent viruses to be used
6.2.1

Baculovirus expression vector systems have a capacity to include large DNA
inserts and have been shown to transduce cells at high efficiency. This system
predominantly to overexpress transgenes for research purposes.

6.2.2

The Papillomavirus pseudovirion system permits the synthesis of virus particles
that are otherwise unable to be produced in quantity. It also provides a system
that allows manipulation of the viral genes so that the applicants can further
understand viral gene functions.

6.2.3

According to the applicants, the introduction of well-characterised genes is very
unlikely to increase the virulence of papillomaviruses.

6.2.4

Of the Pox viruses, the two types initially described in this application are the
Orf virus and Vaccinia virus. The Orf virus will be used to express proteins in
cells and animals and the hosts include sheep, goats and humans. The vaccinia
virus will be used to produce papillomavirus pseudovirions, and possibly as a
vaccine candidate delivery system.
The applicants proposeto use all poxvirus types, including risk group 2 types,
and types that require MAF chief technical officer permission under s52/53 of
the Biosecurity Act 1993 because they are unwanted organisms
Host: Bacteria

6.2.5

Escherichia coli (Migula 1895) Castellani & Chalmers 1919 strains K-12 and B
derivatives (Family: Enterobacteriaceae) will be used to amplify plasmids
containing recombinant DNA sequences. These will be non-pathogenic
laboratory strains and are not expected to contain any likely inseparable
organisms.
Host: Yeast

6.2.6

Non-pathogenic laboratory strains of S. cerevisiae will be used to produce
recombinant papillomavirus pseudovirions for transduction of rabbits and mice.

6.2.7

Co-transfecting yeast plasmids carrying papillomavirus genes will result in the
production of viral proteins and nucleic acids which assemble to form viral
particles that are able to infect mammalian cells (for in vitro and in vivo
studies).

6.2.8

S. Cerevisiae is normally considered a Risk Group 1 microorganism. In this
case however, it is being used to produce infectious pseudovirions promoting
this the rating to a Risk Group 2 microorganism.
Host: Poxvirus

6.2.9

One of the alternative methods to produce Papillomavirus pseudovirions is by
using papillomavirus genomic DNA within recombinant vaccinia virus coding
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for the papillomavirus L1 and L2 capsid sequence, in the presence of a vaccinia
helper virus (produces the phage T7 RNA polymerase). This will be transfected
into a mammalian cell line to produce the pseudovirions. The resultant
pseudovirions will be used for transduction of rabbits and mice.
Host: Mammalian Cell Lines.
6.2.10

Cell lines from each of the following species wiil be used: mouse, human,
monkey, sheep, cattle, dog, rabbit, guinea pig and hamster. We consider that
the wide range of mammalian cell lines to be modified in this development
application is appropriate for the purpose of this application. Cell lines will be
used to titre viral stocks and test the efficiency of transduction or knockdown
effects and to measure the effects of the viruses or genes of interest on host
cells.

6.2.11

Information provided with regards to the characteristics of GM cell lines is as
described for recombinant viral vectors in paragraphs 3.2.6 to 3.2.8, though
replication-competent virus are being used.

6.2.12

Keratinocytes will be cultured in three-dimensions to produce an in vitro system
called organotypic rafts. The organotypic raft culture system has been widely
used as an in vitro system to study papillomaviruses because of its capacity to
reproduce the complete papillomavirus life cycle, including production.
Host: Insect Cell Lines

6.2.13

The applicants state that insect cell lines (called producer cells) of the fall
armyworm, fruit fly, and cabbage looper will be transfected with plasmid
expression vectors. These producer cells will express viral proteins and nucleic
acids to form baculoviruses, which are capable of infecting other mammalian
cells and delivering the transgene. The producer cells are destroyed during the
production process.
Host: Animals.

6.3

6.2.14

Information provided with regards to the characteristics of animal hosts is as
described for recombinant viral vectors in paragraphs 3.2.12 to 3.2.17, though
replication-competent virus are being used

6.2.15

Laboratory animals exposed to viral particles will be kept in a containment
facility for housing transgenic animals. There are multiple measures to prevent
escape (described in section 4). In the unlikely event of that occurring however,
these animals could not establish populations in the wild since somatic cell
(non-germ line) modifications cannot be passed to progeny.

What are the hazardous characteristics of replication-competent
viruses?
6.3.1

The applicants note that replication-competent viruses are capable of replicating
independently; therefore, there is an increased risk of infection in humans or
animals from experimental material. In the event of such infection,
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establishment of a potentially harmful virus could occur because the virus can
continue to propagate within the individual, and potentially spread the infection
to other individuals. Increased containment and controls will be set out on
section 9.
6.3.2

More detail about each virus is available in Supplementary Document 2, but a
short summary follows describing the hazardous characteristics to each of the
replication-competent viruses proposed for this research
Baculoviruses

6.3.3

The host organism Autographa californica nuclear polyhedrovirus (AcMNPV)
can be infectious to insect cell lines. It is noted that the strains used in these
experiments are disabled, not normally able to cause disease in insects, are wellcharacterised and do not normally infect, colonise or establish in humans. They
therefore meet the requirements of a Category 1 host organism as described in
the HSNO (Low-Risk Genetic Modification) Regulations 2003.
Papillomavirus

6.3.4

The host ranges of papillomaviruses are highly species specific. Individual
papillomavirus types are highly adapted to replication in a single animal species.
Therefore, inter-species transmission is highly improbable.

6.3.5

Papillomaviruses are highly tissue specific. Certain papillomavirus types only
infect cutaneous tissues and others only infect mucosal surfaces. This reduces
the likelihood of spread of the virus.

6.3.6

The introduction of well characterised genes is unlikely to increase the virulence
of papillomavirus. Therefore, recombinant papillomavirus pseudovirions
produced are unlikely to be more virulent than natural virus particles.

6.3.7

In most cases, infection with papillomavirus is self-limiting, often cleared by the
host immune response.

6.3.8

The cottontail rabbit papillomavirus (CRPV) causes cutaneous warts in their
natural host (cottontail rabbit, genus Sylvilagus). European domestic rabbits
(genus Oryctolagus) can be transiently infected with CRPV in experimental
settings. However, infection of CRPV in European domestic rabbits does not
produce infectious virus.

6.3.9

The rabbit oral papillomavirus (ROPV) causes benign lesions on the tongue and
the oral cavity of domestic rabbits. ROPV-induced lesions usually
spontaneously regress at approximately 60 days after infection. ROPV infection
of rabbits has been reported in NZ (Munday et al. 2007) and is likely to be
widespread.

6.3.10

Human papillomavirus is found amongst the general population. For example,
the prevalence of HPV in normal cervical cytology worldwide is about 10%. It
has also been reported that 7-12% of the population is affected by cutaneous
warts. In additional, up to 45% of the normal population harbours
Epidermodysplasia verruciformis papillomavirus types. These studies
Page 34 of 77

demonstrate that papillomavirus infection is widespread and latent amongst the
population.
Pox virus
6.3.11

The interruption of Orf virus genomic sequences that occurs in the making of
recombinant viruses would be expected to have no effect on virulence of the
virus and therefore prevent the ability of the recombinant organism to establish
in the environment.

6.3.12

Orf virus is self-limiting. It does not persist in healthy individuals or cause
latent infection. The host range of Orf virus is restricted to sheep, goats and
humans. It therefore poses no threat to native New Zealand fauna and flora.

6.3.13

In rare cases, lesions may persist in immune suppressed individuals. Even in
these rare cases however infection remains localised with no evidence of
systemic spread (Geerinck et al. 2001).

6.3.14

The virus is shed via scab material, and there is no evidence of systemic spread
(Haig et al. 1996). Orf viruses can remain in the soil for several years. Humans
can contract the Orf virus through direct contact with infected sheep, goats or
wild sheep, goats, or deer (Centres for Disease Control and Prevention 2007).

6.3.15

Vaccinia virus is well known as the vaccine used to eliminate smallpox. The
introduction of well characterised genes is very unlikely to increase the
virulence of vaccinia virus. Therefore, recombinant vaccinia viruses would be
less virulent than the parental virus.

6.3.16

Some vertebrate poxviruses may spread systemically following aerosol droplet
infection of the respiratory epithelium or infection of the skin by contact.
Others produce single or multiple localised skin lesions after contact, producing
generalised lesions on the skin with infected animals or humans, mechanical
transmission by insects or exposure to contaminated fomites. There needs to be
an open wound or direct access (eg a bite) to cells normally inaccessible to the
virus in humans with healthy epidermis.
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7
7.1

How do the applicants propose to manage risk?
Description of the procedures proposed by the applicants to use or
contain the replication-comptent viruses
7.1.1

Please also refer to the information previously detailed for genetically modified
replication-defective viral vectors in section 4 as they apply here, but since these
are replication-competent viruses specific details are addressed here.

7.1.2

The applicants propose to include all poxvirus types listed in Appendix VII.

7.1.3

The applicants state that the proposed poxviruses and papillomaviruses are able
to infect human cells. Human papillomaviruses viral particles (which in some
cases may be modified) may be produced from organotypic raft culture and may
be able to infect humans. This creates the risk of infection of laboratory
workers. (The public and non-specialist staff members shall be excluded from
the laboratory when this work is being undertaken.) However, the possibility of
such infection is minimised by the structural and operational features of the
laboratory. Strictly applied procedures, as specified in the training and
operating manuals include:
access to PC2 laboratory (by the Microorganism and Vertebrate Standard) will
be limited to trained staff via locked doors
personal protective equipment (lab coat, gloves, mask) will be worn
all cell and viral cultures will be handled within a Class II Biological Safety
Cabinet
all consumables and labware will be chemically disinfected (with “Virkon”)
only essential sharp instruments will be used with viral cultures
laboratory workers shall not transduce cells taken from themselves or their
colleagues
no wild type virus work will be undertaken in the class II hood where
recombinant virus is being handled
work with different classes of viruses will be temporally or spatially separated
a routine laboratory decontamination programme will be followed
all activity in the laboratory will be documented
Laboratory animals with genetically modified tissues will be kept in a
containment facility for housing transgenic animals. There are multiple
measures to prevent escape (described in section 4). In the unlikely event of
that occurring however, these animals could not establish populations in the
wild since somatic cell (non-germ line) modifications cannot be passed to
progeny.

Mouse and Rat
7.1.4

Live animals infected with recombinant viruses in a Class II Biological Safety
Cabinet in PC2 containment will be maintained in a MAF-approved animal
containment facility, in microisolator cages. Microisolator cages are solid
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polycarbonate with filtered-top lids designed to prevent transmission of
microorganisms including viruses in and out of the boxes. Orf infected animals
will be held in microisolator cages for at least one week. In the case of vaccinia
virus recombinants, infected animals will be contained in microisolator cages
for two weeks. Animals contained for more than two weeks after infection with
a vaccinia virus recombinant will be regarded as no longer infectious and can be
housed in standard mouse cages. Various strains of transgenic mice and rats are
currently held in the PC2 containment facilities. Facilities have been approved
in accordance with Vertebrate Standard. Access is restricted by electronic
swipe card to authorised investigators and animal maintenance staff. The PC2
animal rooms are isolated by lockable doors and a sprung, rodent-proof barrier.
Access to these restricted areas is only given to staff directly responsible for
projects being conducted there. Animal carcasses used bedding litter and other
waste is collected separately from standard waste and disposed of by a
biomedical waste company.
Rabbit
7.1.5

Infection of rabbits with recombinant viruses will be carried out in MAF
approved containment facilities. The applicants will seek prior approval from
MAF to transfer modified organisms between facilities. These facilities have
been approved as suitable containment facilities for large animals in accordance
with Vertebrate Standard. Containment Facilities for Vertebrate Laboratory
Animals have been approved as providing the level of containment deemed
appropriate for the proposed work in line with the Microorganism Standard.
The facilities meet the requirements of animal house containment level PC2 as
defined in AS/NZS 2243.3. All personnel intending to work in these facilities
will be required to wear protective clothing such as disposable gown, gloves,
mask, shoe covers and hat. All used disposable clothing will be disposed of in
the biohazard recepticle contained in the facility. On completion of the
experiment, the room will be either be fumigated with formaldehyde or
disinfected with 1% virkon or 1% trigene. Animal carcases will be disposed of
by incineration.

7.1.6

Animals will be housed in cages, for example, rabbits will be individually
housed in rabbit racks which contain six cages. There are perforations on the
sides and back of the cages for ventilation. The floors have 1 cm holes drilled
throughout the sheet. This allows urine and faecal material to drop through onto
the plastic collection trays. Waste in the trays will be transferred to plastic
MediWaste bags to be sterilised and disposed of by MediWaste. The trays are
changed once each week and old trays will be disinfected with 1% virkon or 1%
trigene. On completion of the experiment, the room will be either be fumigated
with formaldehyde or disinfected with 1% virkon or 1% trigene. Animal
carcases will be disposed of by incineration.

7.1.7

Operations involving viral vectors and viruses will initially be the responsibility
of staff members who have had previous experience in virus laboratories
operated to a minimum of PC2 requirements as specified by the Microorganism
and Vertebrate standards.
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8

Assessment of adverse effects
8.1.1

8.2

8.3

Assessment of adverse effects for genetically modified replication-competent
viruses includes all the particulars previously detailed for genetically modified
replication-defective viral vectors (Section 5.4).

Introduction
8.2.1

Viral products may be present in lesion fluids or crusts, respiratory secretions,
or tissues of infected hosts. Ingestion, parenteral inoculation, and droplet or
aerosol exposure of mucous membranes or broken skin with infectious fluids or
tissues, are the primary hazards to laboratory and animal care personnel.

8.2.2

The greatest risk of occupational exposure to staff will occur during the
preparation of viral particles and delivery of viruses to test animals. Exposures
to viruses in containment laboratories are most likely to occur through needle
stick injuries, spills, or aerosols. The production and exposure to test animal
procedures will be performed according to strict standards of operation, within
PC2 category laboratories and animal facilities, as described in AS/NZS
2243.3:2002 and Microorganisms Standard and Vertebrate Standard.

What are the potentially significant adverse effects on human health
and safety?

Figure 4. Event tree for recombinant viruses to potentially cause adverse effects on
human’s health
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Effect: Occupational exposure of recombinant replicant-competent viruses to
laboratory workers through needle-stick injury
8.3.1

Pathway: We consider that needle stick injuries are the most likely avenue of
exposure of laboratory personnel to an infectious viral vector so careful
adherence to the work practices specified in AS/NZS 2243.3:2002 PC2 level
requirements is needed (clause 4.8.6 c). We considered that escaped
recombinant viruses may cause spread of viral disease through occupational
exposure and transmission of the viruses to the public through the series of
events as outlined in Figure 4.

8.3.2

Humans and animals are frequently infected with adenoviruses and
papillomaviruses, which are the organisms from which the majority of the
inserted genes are derived.

8.3.3

The applicants state that the proposed baculoviruses, poxviruses and specific
types of papillomavirus are able to infect human cells. Human papillomaviruses
viral particles (which in some cases may be modified) may be produced from
organotypic raft culture and may be able to infect humans.

8.3.4

Orf virus infection is self-limiting in hosts with normal immune systems,
transmission of orf virus to humans can occur with contact with infected or
recently vaccinated animals and/or fomites (any inanimate object or substance
capable of carrying infectious organisms) in conjunction with skin trauma.
Therefore keeping to the strict standards of operation, within PC2 category
laboratories and animal facilities, as described in AS/NZS 2243.3:2002 and
Microorganisms Standard and Vertebrate Standard will protect against possible
infection, but a healthy individuals innate immunity should protect against viral
establishment if an accident does happen.

8.3.5

Some poxviruses are stable at ambient temperature when dried and may be
transmitted by fomites. Immunosuppressed individuals are at greater risk of
severe disease if infected with a poxvirus.

8.3.6

Parapoxvirus infections are widespread in sheep, goats and cattle. Human
infections also occur but these are relatively minor. Parapoxvirus infections
occur worldwide and are of considerable importance. A survey carried in New
Zealand showed that 1.4% of workers in the meat industry were infected in 1
year (study length). Therefore precautions should be undertaken when handling
infected animals to make sure no open cuts are present on hands and gloves are
worn.

8.3.7

The host ranges of papillomaviruses are highly species specific. Individual
papillomavirus types are highly adapted to replication in a single animal species.
Therefore, inter-species transmission is highly improbable. The most common
effects following infection with these viruses are benign warts.

8.3.8

We consider that given the proposed containment regime, it is improbable that
laboratory workers will become infected with recombinant viruses. If infection
occurred, the magnitude of the potential adverse effect has a small degree of
uncertainty and could range from no detectable adverse effect to skin lesions
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and warts. In the event of occupational exposure to virus, the adverse health
effects are likely to be minimal if correct handling and containment procedures
are followed.

8.4

Uncontrolled spread of the recombinant replicant-competent virus in
the environment?

Effect: Exposure and spreading of infectious recombinant replicant-competent virus in
native or valued fauna.

8.5

8.4.1

Pathway: We consider that for this to occur, escaped recombinant viruses have
to come into contact with susceptible host species where the virus can replicate
and establish a self-sustaining population that host. The virus can then be
transmitted by shedding of viral particles into the environment, then come into
contact with a susceptible native or valued fauna and establish infection. See
Figure 4 for event pathway.

8.4.2

We consider that given the proposed containment regime it is improbable that
infected animals would escape. If escape did occur, the magnitude of the
potential adverse effect has a small degree of uncertainty and could range from
no detectable adverse effect to contagious disease spreading to native or valued
fauna. Since the natural hosts of these viruses, sheep and goats are not going to
be used (full list see Appendix 1: Host organisms) the possibility of spreading
the virus is unlikely.

8.4.3

We note that both Orf and parapoxvirus infections are presently widespread in
sheep, goats and cattle in New Zealand.

What are the potentially significant adverse effects on Māori
interests and concerns?
8.5.1

8.6

Assessment of adverse effects for genetically modified replication-competent
viruses are identical to previously detailed for genetically modified replicationdefective viral vectors (Section 5.4).

What are the potentially significant adverse effects on society and
community?
8.6.1

This was not identified, since all work carried out form this application is held
in containment.
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9

Proposed controls for use with replication-deficient and
replication-competent viruses in application ERMA200041.
9.1.1

The controls set out below are designed to manage the risks associated with the
development of genetically modified adenoviral vectors, adeno-associated viral
vectors, retroviral (including lentiviral) vectors, mammalian (including human)
cell lines, rodents and rabbits in containment. These controls are put forward as
the basis for controlling the risks associated with approving the fore mentioned
development. The Authority may wish to amend these controls (in order to
make them more or less „strict‟) to achieve a level that is felt appropriate for the
organisms.

9.1.2

All work involving the development of genetically modified mammalian cell
lines and both in the production of and transduction with viral vectors must be
in a containment facility approved by Ministry of Agriculture and Forestry
(MAF), in accordance with the MAF/ERMA New Zealand Standard: Facilities
for Microorganisms and Cell Cultures: 2007a Physical containment level 2
(PC2) and any controls set by the Authority.

9.1.3

All work involving the use of yeast, mammalian cell lines and production of and
infection with replication-competent viruses must be in a containment facility
approved by Ministry of Agriculture and Forestry (MAF), in accordance with
the MAF/ERMA New Zealand Standard: Facilities for Microorganisms and
Cell Cultures: 2007a physical containment level 2 (PC2) and any controls set by
the Authority.

9.1.4

All work involving the use of insect cell lines and production of baculoviruses
must be in a containment facility approved by Ministry of Agriculture and
Forestry (MAF), in accordance with the MAF/ERMA New Zealand Standard:
Facilities for Microorganisms and Cell Cultures: 2007a physical containment
level 1 (PC1) and any controls set by the Authority.

9.1.5

All work with transgenic and non-transgenic rodents and rabbits must be in a
containment facility approved by Ministry of Agriculture and Forestry (MAF),
in accordance with the MAF/ERMA New Zealand Standard: Containment
Facilities for Vertebrate Laboratory Animals Physical containment level 2
(PC2) and any controls set by the Authority.

9.1.6

The handling of viral vectors shall be done within a Class II Biological Safety
Cabinet to reduce exposure from aerosols and spillage. When animals to be
infected or transduced do not fit within a Class II Biological Safety Cabinet, all
preparation of viral vectors or viruses shall be done in a Class II Biological
Safety Cabinet before transport to animal in PC2 containment facility. The Class
II Biological Safety Cabinet will be decontaminated with an appropriate
disinfectant immediately following work. Tissue culture plates containing
viruses shall be in an appropriately larger secondary container to capture any
spills.
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9.1.7

To mitigate the risk of producing a replication-competent virus, no genes are to
be cloned into a viral vector that could result in the production of products
functionally similar to those produced by the replication-competent vector

9.1.8

Large-scale production of adenoviral particles must include tests for the
production of replication-competent viral vectors using recognised and validated
procedures. If replication-competent viral vectors is detected, the entire
production batch must be destroyed.

9.1.9

Cells sourced from people working in, or associated with, the facility must not
be used for viral work.

9.1.10

To limit that chance of producing replication competent viral vectors, packaging
or production of replication defective viral vectors that are capable of infecting
human cells shall be kept in incubators dedicated to the use of such vectors.

9.1.11

To limit the chance of unwanted interaction between AAV and adenoviral
replication- defective vectors the production and packaging of AAV and
adenoviral replication-defective vectors should be separated either spatially or
temporally.

9.1.12

To reduce exposure of virus to laboratory personnel, high titre viral cultures
(max of ~2 X 1014 infectious particles per ml) must be stored in unbreakable
plastic tubes in volumes of no greater than 5 mL. The volume and titre of virus
cultures used in animals must be kept as low as possible.

9.1.13

All shed scab material found from viral work in animals shall be considered
potentially infectious and must be destroyed as described for bedding material
and waste in the MAF/ERMA Standard Containment Facilities for Vertebrate
Laboratory Animals.

9.1.14

Poxviruses that are either new organisms or on the Unwanted Organisms
Register of MAF BNZ require permission from a MAF chief technical officer
under s52/53 of the Biosecurity Act 1993 be held and/or propogated.

9.1.15

The development and use of variola viruses is banned (not permitted) in New
Zealand. The possession and use of variola viruses (one type of Pox virus) is
restricted to the World Health Organization Collaborating Centre for Smallpox
and Other Poxvirus Infections, located at the Centres for Disease Control and
Prevention, Atlanta, Georgia.

9.1.16

A scientist experienced with the use of, and risks associated with, recombinant
viral particles must maintain oversight of the experiments, and must provide
training to staff in best practice procedures for risk reduction.

9.1.17

The Operator must ensure that all personnel involved in the handling of the
organisms is familiar with, and understands, the controls and requirements set
out by the Authority.
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10 Assessment of beneficial effects
10.1 Introduction
10.1.1

The applicant states this research will allow their research teams to deliver
scientific knowledge and invent new biotechnology applications to enhance our
understanding of the mechanisms used by viruses to modulate their host. In
addition, this research is expected to bring benefits to the researchers of
University of Otago through collaborations with scientists within New Zealand
and overseas and the ability to attract funding both within New Zealand and
internationally.

10.1.2

The proposed research is expected to produce high-level internationally
recognised research data with publications in top level scientific publications.
The results that arise from this work may ultimately benefit all New Zealanders
through the development of new therapeutic strategies for the treatment of
virus-associated diseases.

10.1.3

The applicant has noted that there are no obvious monetary benefits in the short
term.

10.1.4

The applicants have not provided any assessment of the expected value of these
benefits or the uncertainty bounds and distribution effects.

10.1.5

We note that there may also be indirect benefits to the applicant and New
Zealand associated with maintaining New Zealand‟s standing in the
international science community, and the applicants‟ ability to attract research
funding, which stimulates jobs and learning to the next generation of scientists
coming through the Universities.

10.2 What are the potentially significant beneficial effects on human
health and safety?
10.2.1

Cervical cancer caused by HPV is a serious problem threatening the health of
humans. Human papillomavirus infects the epithelium of humans and is
associated with integration of the viral genome and subsequent cell
transformation. Papillomaviruses have the ability to modulate the skin
microenvironment to promote replication and persistence. One main focus for
the applicants‟ research is to identify the genes and mechanisms involved in
immune evasion by viruses such as papillomaviruses and poxviruses, in
particular Orf virus. By identifying and understanding the mechanisms,
strategies could be developed to control these effects.

10.2.2

The proposed research will generate increased scientific knowledge in the fields
of molecular physiology and genetics, which are likely to lead to high value
applications. The results of the work will have beneficial effects for public
health by increasing scientific capability for New Zealand health research.
Results will be published in the public domain and the findings that arise from
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this work may ultimately benefit all New Zealanders and the international
scientific community.
10.2.3

Positive outcomes also include greater research opportunities in
papillomaviruses and other viruses, and maintaining New Zealand‟s
international standing in science by enabling New Zealand scientists to carry out
innovative research projects. Furthermore, advancing the understanding of how
viruses modulate their host may lead to the development of therapeutic
strategies for the treatment of disease such as cancer.

10.3 What are the potentially significant beneficial effects on the
environment?
10.3.1

There was no significant benefitial effects on the environment identified.

10.4 What are the potentially significant beneficial effects on Māori
interests and concerns?
10.4.1

The aim of this research is to advance our scientific knowledge in how genes
regulate the cellular and tissue physiology that may lead to the development of
therapeutics strategies for the treatment of diseases. There is an appreciation by
the Maori consultation representatives that this research may provide benefits
for all members of society.

10.5 What are the potentially significant beneficial effects on society and
community?
10.5.1

The treatment of diseases will have economic positive effects by reducing the
costs to the health system.
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11 Overall recommendation by ERMA staff
11.1.1

The overall recommendation of ERMA staff is to approve this application. We
believe that the risks associated with using viral vectors and viruses as a vehicle
to deliver transgenes of viral and cellular proteins to animal cells and tissue, to
investigate tissue physiology and tissue immunology in containment, are well
mitigated by the compliance of the applicants following the PC2 containment
protocols in accordance with Microorganisms and Vertebrate Standard and
Australian/New Zealand Standard AS/NZS 2243.3:2002 Safety in laboratories:
Part 3: Microbiological aspects and containment facilities, with a few extra
controls stated in Section 9.
Key Benefits

11.1.2

The key benefit of the proposed research is the ability to contribute to scientific
knowledge of tissue physiology and tissue immunology. This was assessed by
ERMA staff as very likely to eventuate and range in magnitude from minor to
major depending on research outcome.
Key Risks

11.1.3

The co-key risk identified in this application is that the researchers may
inadvertently infect themselves with the viral vectors and suffer adverse effects
on their health. This was assessed by the ERMA staff as highly improbable
because of the proposed containment regime. Additional controls requiring the
experimental work to be overseen by an appropriately experienced scientist, and
requiring work to be performed in a Class II biological safety cabinet will
reduce the risk. The vector is replication-defective, so the consequences of
infection are anticipated to be minimal. This potential risk was assessed by the
ERMA staff as being predominantly associated with work with recombinant
retroviral vectors due to the vector‟s potential for insertion mutagenesis.

11.1.4

The co-key risk identified in this application is that the researchers may
inadvertently infect themselves with the replication-competent viruses and
suffer adverse effects on their health. This was assessed by the ERMA staff as
highly improbable because of the proposed containment regime. Additional
controls requiring the experimental work to be overseen by an appropriately
experienced scientist, and requiring work to be performed in a Class II
biological safety cabinet will reduce the risk. The viruses used also very species
and cell type specific, so the chances of human infection are anticipated to be
minimal.

11.1.5

During the consultation with Māori, concerns were raised over the potential
effects to whakapapa, mauri, tapu, tūpuna and atua. Discussions with the
applicant clarified the risk of these potential effects with parties agreeing that
there are likely to be minimal effect to tikanga Māori. On the basis of these
discussions, the iwi/Māori representatives consulted do not oppose the
application.
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11.2 Previous similar approved applications?
11.2.1

In previous years the Authority has approved several applications similar in
parts to application ERMA200041. These include the following applications:

GMD99002 – Develop in containment replication-defective recombinant
retroviruses containing a range of DNA);
GMD03091 – Develop in containment retroviral gene transfer for the treatment of
neurological disease;
GMD03105 – Develop in containment adenoviral and retroviral vectors for
functional genomic studies;
GMD01085 – Develop in containment genetically modified rat and mouse cell
lines and genetically modified Rattus norvegicus and Mus musculus, containing
recombinant adeno-associated viral (rAAV) vectors;
GMO06/OU009 – Production of subunit vaccine proteins;
GMD2131 – To evaluate the potential use of genetically modified orf virus as
vaccine vectors for parasitic diseases of sheep;
GMD01171 – The use of genetically modified vaccinia virus in the study of
vaccines against Echinococcus granulosu;
GMD01067 – The use of genetically modified vaccinia virus in the study of
immune responses to orf virus infection;
GMD04026 – Genetically Modified Adenoviral and Lentiviral vectors; and
GMD05036 – Developing genetically modified poxviruses as vaccine vectors for
parasitic diseases of sheep.
11.2.2

The applicants state that that this application is directly related to GMD03105,
Develop in containment adenoviral and retroviral vectors for functional
genomic studies.
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Glossary
Abrasion: a scraped area of the skin as a result of rubbing
Adenovirus: a class of non-integrating, single stranded DNA viruses capable of
respiratory and enteric infections in humans. Disabled forms are widely used for
transient gene expression.
Amphipathic: having multiple affinities
Amphotropic viruses: amphotropic viruses will grow in the cells of the species
from which they were isolated and also in cells from a wide range of other species.
Apoptosis: deletion of cells by programmed cell death.
cDNA: complementary DNA, a DNA copy of an mRNA molecule.
Cloning: (gene cloning) the insertion of a DNA sequence into a vector that can
then be propagated in a host organism, usually bacteria, generating a large number
of copies of the DNA.
Cyclins: these are cell cycle proteins that regulate pRb activity by
phosphorylation/dephosphorylation reactions.
Dicistronic: an mRNA molecule that encodes genetic information to translate two
proteins
DNA: deoxyribonucleic acid, genetic material present in living cells, comprising a
chain of nucleotide units, the sequence of which encodes proteins and hereditary
characteristics.
Episomal DNA: genetic particle that can exist either autonomously in the
cytoplasm or as part of a chromosome.
Episomal concatamers: a long DNA molecule that contains multiple copies of the
same DNA sequences linked end to end that is acting autonomously to the nucleus
genome.
Ecotropic viruses: a retrovirus that can reproduce only in the host of the species in
which it originated.
Expression: use of the information in a gene, via RNA, leading to synthesis of the
protein encoded by that gene.
Expression construct: a DNA molecule containing a combination of sequences
(including coding and regulatory elements) necessary to produce expression of a
transgene
Functional genomics: the study of how genes and gene products work.
Gene: a unit of heredity, an ordered sequence of nucleotides, composed of a
segment of DNA. A gene usually contains the genetic information that encodes a
protein.
Gene therapy: correction of genetic disorder by insertion into cells of the normal
gene.
Green fluorescent protein (GFP): the product of a reporter gene derived from a
gene from the jellyfish, Aequorea victoria. The (original) GFP product gives off a
green glow under UV-blue light. There are a number of variants developed for
laboratory use.
Heterologous: derived from a different species
HIV: human immunodeficiency virus, the infectious agent of acquired
immunodeficiency syndrome (AIDS).
Host: the organism or cell into which donor DNA is inserted.
Infectious: capable of infection without direct physical contact.
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Interleukin: class of cytokines that act to stimulate or modulate lymphocytes
In trans: in the field of molecular biology, trans-acting generally means "acting
from a different molecule”.
Lentivirus: a type of complex retrovirus which is associated with acquired
immunodeficiency syndrome. Modified lentiviral vectors offer the advantage of
stable transduction of both dividing and non-dividing cells.
mRNA: messenger RNA, an intermediate copy of a gene used to specify the
sequence of building blocks of the protein. The mRNA species present in each cell
reflect those genes that are expressing or “turned on”.
Multicistronic: an mRNA molecule that encodes genetic information to translate
several proteins
Mutation: a genetic alteration. This may be a deletion of DNA or a change in one
or more individual nucleotides (point mutations). The mutation may or may not
cause an alteration in the function of the protein encoded in the gene harbouring the
mutation.
Orf virus: parapoxvirus that causes disease known as pustular dermatitis or scabby
mouth. Infects sheep, goat and humans.
Organotypic culture: three-dimensional in vitro systems, where keratinocytes
develop well-ordered epithelial.
p53: a tumour suppressor gene present in all vertebrate species. The product of
this gene protects cells from a variety of environmental insults and is important in
preventing the formation of cancers. There are also two related members of the
family, p73 and p63.
Packaging cell line: a recombinant cell line, specifically one that produces viral
gene products lacking in the viral vector plasmids (eg E1) which allows generation
of infectious particles.
Pantropic viruses: viruses indiscriminately affecting a wide range of organisms
Human papillomavirus (HPV): DNA tumour virus that infects human skin.
Plasmid: A small circular piece of cytoplasmic DNA that can transfer into host
cells and utilise cellular machinery for replication; used as vectors of recombinant
DNA.
Promoter: a region of DNA which binds the enzyme (RNA polymerase) that
initiates expression of a gene.
Pseudotype: retroviral vectors with modified surface envelope proteins for cell
specific transduction of a specific cell type.
Pseudovirion: synthetic viruses closely related to true viruses in structure and
behaviour
Reporter gene: a gene with a product that can be readily visualised, or catalyses a
reaction that can be visualised, and thus showing that a genetic mechanism is
working or that gene transfer has occurred.
Retrovirus: the class of RNA virus which has been widely used for gene therapy.
Retroviral vectors are usually derived from a mouse leukemia virus.
RNA: ribonucleic acid; a chain molecule copied from parts of the genomic DNA
and having informational, structural and enzymatic roles in gene expression and
protein synthesis.
RT-PCR: reverse transcription-polymerase chain reaction; process by which RNA
is copied and subsequently multiplied to produce usable quantities of cDNA from
small amounts of original material.
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Sequence: the arrangement of the four types of nucleotides, abbreviated “a”, “c”,
“g” and “t”, as they occur in a DNA or RNA/cDNA chain. This code can specify
the protein product of a gene, or confer structural, binding or catalytic properties of
the nucleic acid.
Somatic cells/tissues: cells or tissues from body sites not involved in reproduction.
Titer: concentration of viral vectors in a stock solution.
Transduction: genetic modification as conferred by a viral vector.
Transfection: process of inserting foreign DNA into a eukaryote (plant or animal)
host cell, usually in a plasmid vector.
Transgene: a gene of interest transferred into a new host cell.
Translation: process of converting the information contained in a sequence or
RNA bases into a sequence of amino acids
Tropism: the host range or types of cells that a virus is capable of infecting.
Vector: a plasmid or virus, capable of replication when in an appropriate host,
used in research to transfer DNA.
Viraemia: presence of virus in the blood stream
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Appendix 1: Host organisms
Note: For viruses, if the final recombinant product is replication-defective, then these are
treated as vectors and regulated when these are obtained from the cell culture system.
Table A1: Organism/host description

For cloning and amplification of plasmids
Host organism:
Escherichia coli Migula (1895) Castellani and Chalmers 1919 non pathogenic laboratory
strains
Modified using:
Standard non-conjugative cloning plasmid vectors, recombinant mammalian expression
plasmids and lentiviral, retroviral, adenoviral, adeno-associated viral or baculoviral plasmids
listed in Appendix VII containing coding, non-coding and/or regulatory regions, antisense
sequences or other RNA interference-inducing sequences of
Viral, eukaryotic and/or prokaryotic genes associated with modulating cellular pathways and
tissue physiology listed in Appendix VII.
Genetic material may be:
Viral genes listed in Appendix VII are derived from:
Papillomavirus
Adenovirus
Poxvirus
Vescular stomatitis virus
Viral genes which have a role in manipulating cellular pathways in viral infections or leading
to aberrant expression of proteins in cells.
Mammalian including human3 genes associated with mammalian cell and tissue physiology.
Genes for vaccine antigens derived from bacterial pathogenic organisms such as
Mycobacterium avium subsp. paratuberculosis or parasites such as tapeworms (Echinococcus
granulosus, Taenia ovis).
Regulatory elements, reporter and selectable marker genes and other features:
Vectors will include standard or fully characterised regulatory elements including promoters,
regulatory element binding sites, transcriptional activators, enhancers, terminators, and
multiple cloning sites and origins of replication. The vectors may also contain selectable
marker genes, reporter genes, protein targeting, localisation and secretory signals, solubility
enhancement tags, protein purification tags and affinity tags including epitope tags.

3

derived from non-Māori persons only
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Characteristics of the genetically modified organisms:
No infectious viral particles will be produced.
Exclusions :
Genetic material derived from Māori persons.
Genetic material derived from native flora or fauna.

For production of replication-competent recombinant baculoviruses
Host organism:
Autographa californica multiple nucleopolyhedrovirus (laboratory non-pathogenic strains)
Insect cell lines
Spodoptera frugiperda (J. E. Smith, 1797)
Drosophila melanogaster (Meigen, 1830)
Trichoplusia ni (Hübner, 1803)
Modified using:
For AcMNPV, recombinant polyhedrin-negative AcMNPV will be developed by homologous
recombination using standard non-conjugative baculovirus plasmid transfer vectors as
described below for insect cell lines.

For insect cell line, non-conjugative baculoviral plasmid vectors, and recombinant
polyhedrin-negative AcMNPV containing coding, non-coding and/or regulatory regions,
antisense sequences or other RNA interference-inducing sequences of viral, eukaryotic and/or
prokaryotic genes associated with modulating cellular pathways and tissue physiology.
Genetic material may be:
Viral genes listed in Appendix VII are derived from:
Papillomavirus
Adenovirus
Poxvirus
Vescular stomatitis virus
Viral genes which have a role in manipulating cellular pathways in viral infections or leading
to aberrant expression of proteins in cells.
Mammalian including human4 genes associated with mammalian cell and tissue physiology.

4

derived from non-Māori persons only
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Genes for vaccine antigens derived from bacterial pathogenic organisms such as
Mycobacterium avium subsp. paratuberculosis or parasites such as tapeworms (Echinococcus
granulosus, Taenia ovis).
Regulatory elements, reporter and selectable marker genes and other features:
Vectors will include standard or fully characterised regulatory elements including promoters,
regulatory element binding sites, transcriptional activators, enhancers, terminators, and
multiple cloning sites and origins of replication. The vectors may also contain selectable
marker genes, reporter genes, protein targeting, localisation and secretory signals, solubility
enhancement tags, protein purification tags and affinity tags including epitope tags.
Characteristics of the genetically modified organisms:
Recombinant baculoviruses carrying the genes of interest will be produced. These are able to
replicate in insect cells, and also to deliver the genes of interest into mammalian cell lines.
Insect cells are killed in the process.
Exclusions :
Genetic material derived from Māori persons.
Genetic material derived from native flora or fauna.

For production of replication-competent recombinant papillomavirus:
Host organism:
Saccharomyces cerevisiae (Hansen, 1883) non-pathogenic laboratory strains
Vaccinia virus (ICTVdB - The Universal Virus Database, version 4), Defined strains of
Vaccinia virus such as Lister, Modified Vaccinia Ankara (MVA) strains.
Mammalian cell lines
Mus musculus (Linnaeus, 1758)
Mus spretus (Lataste, 1883)
Rattus rattus (Linnaeus, 1758)
Rattus norvegicus (Berkenhout, 1759)
Homo sapiens (Linnaeus, 1758)
Chlorocebus aethiops (Linnaeus, 1758)
Ovis aries (Linnaeus, 1758)
Bos taurus (Linnaeus, 1758)
Canis familiaris (Linnaeus, 1758)
Oryctolagus cuniculus (Linnaeus, 1758)
Sylvilagus sp (Gray, 1867)
Cricetulus griseus (Milne-Edwards, 1867)
Cricetus cricetus (Linnaeus, 1758)
Cavia porcellus (Linnaeus, 1758)
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Modified using:
For yeast: yeast plasmid vectors containing the full-length genome of the target
papillomavirus (including mutants and derivatives thereof), papillomaviral genes encoding
the early viral protein (E2) and capsid proteins (L1 and L2) carried on three separate
plasmids.
For mammalian cell lines containing papillomavirus genomic DNA, using recombinant
vaccinia virus system:
Recombinant vaccinia virus containing genes coding for the papillomavirus L1 and L2 capsid
proteins and vaccinia helper phage encoding T7 RNA polymerase.
For mammalian cell lines in organotypic rafts: non-conjugative plasmid vectors or
retroviral vectors containing papillomavirus genomic DNA.
For mammalian cell transfection system:
Non-conjugative plasmids containing target papillomavirus genomic DNA with SV40 origin
of replication, and genes encoding SV40 large T antigen, and papillomaviral capsid proteins
L1 and L2, carried on separate plasmids.
Genetic material may include coding, non-coding and/or regulatory regions, antisense
sequences or other RNA interference-inducing sequences of
Viral, eukaryotic and/or prokaryotic genes associated with modulating cellular pathways and
tissue physiology.
Genetic material may be:
Viral genes listed in Appendix VII are derived from:
Papillomavirus
Adenovirus
Poxvirus
Vescular stomatitis virus
Viral genes which have a role in manipulating cellular pathways in viral infections or leading
to aberrant expression of proteins in cells.
Mammalian including human5 genes associated with mammalian cell and tissue physiology.
Genes for vaccine antigens derived from bacterial pathogenic organisms such as
Mycobacterium avium subsp. paratuberculosis or parasites such as tapeworms (Echinococcus
granulosus, Taenia ovis).

5

derived from non-Māori persons only
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Regulatory elements, reporter and selectable marker genes and other features:
Vectors will include standard or fully characterised regulatory elements including promoters,
regulatory element binding sites, transcriptional activators, enhancers, terminators, and
multiple cloning sites and origins of replication. The vectors may also contain selectable
marker genes, reporter genes, protein targeting, localisation and secretory signals, solubility
enhancement tags, protein purification tags and affinity tags including epitope tags.
Characteristics of the genetically modified organisms:
Papillomaviruses with altered genomes will be produced. These are animal specific.
Exclusions :
Genetic material derived from Māori persons.
Cells derived from Māori persons
Genetic material derived from native flora or fauna.

For production of replication-competent recombinant poxvirus
Host organism:

Poxvirus (ICTVdB - The Universal Virus Database, version 4), includes the Vaccinia virus
(ICTVdB - The Universal Virus Database, version 4), and orf viruses (ICTVdB - The
Universal Virus Database, version 4)
Modified using:
Homologous recombination of poxvirus with plasmid vectors containing coding sequence of
viral, eukaryotic and/or prokaryotic genes associated with modulating cellular pathways and
tissue physiology, flanked by an intergenic insertion site of poxvirus.
Genetic material may be:
Viral genes listed in Appendix VII are derived from:
Papillomavirus
Adenovirus
Poxvirus
Vescular stomatitis virus
Viral genes which have a role in manipulating cellular pathways in viral infections or leading
to aberrant expression of proteins in cells.
Mammalian including human6 genes associated with mammalian cell and tissue physiology.
Genes for vaccine antigens derived from bacterial pathogenic organisms such as
Mycobacterium avium subsp. paratuberculosis or parasites such as tapeworms (Echinococcus

6

derived from non-Māori persons only
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granulosus, Taenia ovis).
Regulatory elements, reporter and selectable marker genes and other features:
Vectors will include standard or fully characterised regulatory elements including promoters,
regulatory element binding sites, transcriptional activators, enhancers, terminators, and
multiple cloning sites and origins of replication. The vectors may also contain selectable
marker genes, reporter genes, protein targeting, localisation and secretory signals, solubility
enhancement tags, protein purification tags and affinity tags including epitope tags.
Characteristics of the genetically modified organisms:
Recombinant, infectious orf viruses will be produced.
Exclusions :
Genetic material derived from Māori persons.
Genetic material derived from native flora or fauna.

For production of replication-incompetent viral particles from lentiviral,
retroviral, adenoviral and adeno-associated virus vectors
Host organism:
Homo sapiens (Linnaeus, 1758); such as human embryonic kidney (HEK) 293 cells to
produce viral vectors.
Modified using:
Standard non-conjugative cloning plasmid vectors, recombinant mammalian expression
plasmids and lentiviral, retroviral, adenoviral or adeno-associated viral plasmids containing
coding, non-coding and/or regulatory regions, antisense sequences or other RNA
interference-inducing sequences of
Viral, eukaryotic and/or prokaryotic genes associated with modulating cellular pathways and
tissue physiology.
The viral sequences required for virion packaging and/or replication are carried on separate
plasmids to ensure that replication incompetent particles are produced.
Genetic material may be:
Viral genes listed in Appendix VII are derived from:
Papillomavirus
Adenovirus
Poxvirus
Vescular stomatitis virus
Viral genes which have a role in manipulating cellular pathways in viral infections or leading
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to aberrant expression of proteins in cells.
Mammalian including human7 genes associated with mammalian cell and tissue physiology.
Genes for vaccine antigens derived from bacterial pathogenic organisms such as
Mycobacterium avium subsp. paratuberculosis or parasites such as tapeworms
(Echinococcus granulosus, Taenia ovis).
Regulatory elements, reporter and selectable marker genes and other features:
Vectors will include standard or fully characterised regulatory elements including promoters,
regulatory element binding sites, transcriptional activators, enhancers, terminators, and
multiple cloning sites and origins of replication. The vectors may also contain selectable
marker genes, reporter genes, protein targeting, localisation and secretory signals, solubility
enhancement tags, protein purification tags and affinity tags including epitope tags.
Characteristics of the genetically modified organisms:
Cells express viral proteins and nucleic acids to produce viral particles. These cannot
replicate.
Exclusions :
Genetic material derived from Māori persons.
Genetic material derived from native flora or fauna.

For transfection/transduction of mammalian cell lines:
Host organism:
Mammalian cell lines and primary cultures to include epithelial or fibroblasts originating
from:
Mus musculus Linnaeus, 1758
Mus spretus Lataste, 1883
Rattus rattus Linnaeus, 1758
Rattus norvegicus Berkenhout, 1759
Homo sapiens Linnaeus, 1758
Chlorocebus aethiops Linnaeus, 1758
Ovis aries Linnaeus, 1758
Bos taurus Linnaeus, 1758
Canis familiaris Linnaeus, 1758
Oryctolagus cuniculus Linnaeus, 1758
Sylvilagus sp Gray, 1867
Cricetulus griseus Milne-Edwards, 1867
Cricetus cricetus Linnaeus, 1758
Cavia porcellus Linnaeus, 1758

7

derived from non-Māori persons only
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Modified using:
Recombinant lentiviral, retroviral, adenoviral or adeno-associated viral vectors or
recombinant baculoviruses, papillomaviruses, poxviruses containing coding, non-coding
and/or regulatory regions, antisense sequences or other RNA interference-inducing sequences
of viral, eukaryotic and/or prokaryotic genes associated with modulating cellular pathways
and tissue physiology.
Genetic material may be:
Viral genes listed in Appendix VII are derived from:
Papillomavirus
Adenovirus
Poxvirus
Vescular stomatitis virus
Viral genes which have a role in manipulating cellular pathways in viral infections or leading
to aberrant expression of proteins in cells.
Mammalian including human8 genes associated with mammalian cell and tissue physiology.
Genes for vaccine antigens derived from bacterial pathogenic organisms such as
Mycobacterium avium subsp. paratuberculosis or parasites such as tapeworms (Echinococcus
granulosus, Taenia ovis).
Regulatory elements, reporter and selectable marker genes and other features:
Vectors will include standard or fully characterised regulatory elements including promoters,
regulatory element binding sites, transcriptional activators, enhancers, terminators, and
multiple cloning sites and origins of replication. The vectors may also contain selectable
marker genes, reporter genes, protein targeting, localisation and secretory signals, solubility
enhancement tags, protein purification tags and affinity tags including epitope tags.
Characteristics of the genetically modified organisms:
Infectious particles may be produced when cell lines are transfected with recombinant
papillomaviruses, orf and vaccinia viruses.
Exclusions :
Genetic material derived from Māori persons.
Genetic material derived from native flora or fauna.

8
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For transduction of whole animal tissue:
Host organism:
Animals, including transgenic animals of the following:
Mus musculus Linnaeus, 1758
Rattus rattus Linnaeus, 1758
Oryctolagus cuniculus Linnaeus, 1758
Modified using:
Recombinant lentiviral, retroviral, adenoviral or adeno-associated viral vectors or
recombinant baculoviruses, papillomaviruses, poxviruses containing coding, non-coding
and/or regulatory regions, antisense sequences or other RNA interference-inducing sequences
of viral, eukaryotic and/or prokaryotic genes associated with modulating cellular pathways
and tissue physiology.
Genetic material may be:
Viral genes listed in Appendix VII are derived from:
Papillomavirus
Adenovirus
Poxvirus
Vescular stomatitis virus
Viral genes which have a role in manipulating cellular pathways in viral infections or leading
to aberrant expression of proteins in cells.
Mammalian including human9 genes associated with mammalian cell and tissue physiology.
Genes for vaccine antigens derived from bacterial pathogenic organisms such as
Mycobacterium avium subsp. paratuberculosis or parasites such as tapeworms (Echinococcus
granulosus, Taenia ovis).
Regulatory elements, reporter and selectable marker genes and other features:
Vectors will include standard or fully characterised regulatory elements including promoters,
regulatory element binding sites, transcriptional activators, enhancers, terminators, and
multiple cloning sites and origins of replication. The vectors may also contain selectable
marker genes, reporter genes, protein targeting, localisation and secretory signals, solubility
enhancement tags, protein purification tags and affinity tags including epitope tags.
Characteristics of the genetically modified organisms:
Infectious particles may be produced when animals are infected with recombinant

9
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papillomaviruses, orf and vaccinia viruses
Exclusions :
Genetic material derived from Māori persons.
Genetic material derived from native flora or fauna.

Information Review
We used the following information in the preparation of this report:
(i)

The NO3 and Form 3 application forms for ERMA200041 and appendices

(ii)

Review of relevant literature

Legislative Context
The Environmental Risk Management Authority New Zealand (ERMA New Zealand)
comprises of the Authority (a quasi-judicial decision-making body), we/ERMA staff (the
support organisation for the Authority) and Ngā Kaihautū Tikanga Taiao (NKTT) (a
committee to advise the Authority on Māori issues). We provide administrative support to
the Authority. The Authority makes decisions on the importation, development, fieldtesting
or release of new organisms or hazardous substances under the Hazardous Substances and
New Organisms Act 1996 (the Act).
This Report is written by ERMA staff based on the requirements of the HSNO Act. It is one
source of information that the Authority may use during the decision-making process. It aims
to assist decision-making on the application by the Authority.
In drafting this report, ERMA staff has applied the relevant sections of the Act and clauses of
the Methodology as detailed in the decision path attached to this decision as Appendix 3.
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Appendix 2: Qualitative descriptors for risk/benefit assessment
Qualitative descriptors for risk/benefit assessment
This section describes how we and the Authority address the qualitative assessment of risks, costs and
benefits. Risks and benefits are assessed by estimating the magnitude and nature of the possible
effects and the likelihood of their occurrence. For each effect, the combination of these two
components determines the level of the risk associated with that effect, which is a two dimensional
concept. Because of lack of data, risks are often presented as singular results. In reality, they are
better represented by „families‟ of data which link probability with different levels of outcome
(magnitude).

The magnitude of effect is described in terms of the element that might be affected. The qualitative
descriptors for magnitude of effect are surrogate measures that should be used to gauge the end effect
or the „what if‟ element. Tables 1 and 2 contain generic descriptors for magnitude of adverse and
beneficial effect. These descriptors are examples only, and their generic nature means that it may be
difficult to use them in some particular circumstances. They are included here to illustrate how
qualitative tables may be used to represent levels of adverse and beneficial effect.

Table 1 Magnitude of adverse effect (risks and costs)
Descriptor Examples of descriptions - ADVERSE
Minimal

Mild reversible short term adverse health effects to individuals in highly localised area
Highly localised and contained environmental impact, affecting a few (less than ten) individuals
members of communities of flora or fauna, no discernible ecosystem impact
Local/regional short-term adverse economic effects on small organisations (businesses,
individuals), temporary job losses
No social disruption

Minor

Mild reversible short term adverse health effects to identified and isolated groups
Localised and contained reversible environmental impact, some local plant or animal communities
temporarily damaged, no discernible ecosystem impact or species damage
Regional adverse economic effects on small organisations (businesses, individuals) lasting less
than six months, temporary job losses
Potential social disruption (community placed on alert)

Moderate

Minor irreversible health effects to individuals and/or reversible medium term adverse health
effects to larger (but surrounding) community (requiring hospitalisation)
Measurable long term damage to local plant and animal communities, but no obvious spread
beyond defined boundaries, medium term individual ecosystem damage, no species damage
Medium term (one to five years) regional adverse economic effects with some national
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implications, medium term job losses
Some social disruption (e.g. people delayed)
Major

Significant irreversible adverse health effects affecting individuals and requiring hospitalisation
and/or reversible adverse health effects reaching beyond the immediate community
Long term/irreversible damage to localised ecosystem but no species loss
Measurable adverse effect on GDP, some long term (more than five years) job losses
Social disruption to surrounding community, including some evacuations

Massive

Significant irreversible adverse health effects reaching beyond the immediate community and/or
deaths
Extensive irreversible ecosystem damage, including species loss
Significant on-going adverse effect on GDP, long term job losses on a national basis
Major social disruption with entire surrounding area evacuated and impacts on wider community

.
Table 2

Magnitude of beneficial effect (benefits)

Descriptor

Examples of descriptions -BENEFICIAL

Minimal

Mild short term positive health effects to individuals in highly localised area
Highly localised and contained environmental impact, affecting a few (less than ten) individuals
members of communities of flora or fauna, no discernible ecosystem impact
Local/regional short-term beneficial economic effects on small organisations (businesses,
individuals), temporary job creation
No social effect

Minor

Mild short term beneficial health effects to identified and isolated groups
Localised and contained beneficial environmental impact, no discernible ecosystem impact
Regional beneficial economic effects on small organisations (businesses, individuals) lasting less
than six months, temporary job creation
Minor localised community benefit

Moderate

Minor health benefits to individuals and/or medium term health impacts on larger (but
surrounding) community and health status groups
Measurable benefit to localised plant and animal communities expected to pertain to medium
term.
Medium term (one to five years) regional beneficial economic effects with some national
implications, medium term job creation
Local community and some individuals beyond immediate community receive social benefit.
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Major

Significant beneficial health effects to localised community and specific groups in wider
community
Long term benefit to localised ecosystem(s)
Measurable beneficial effect on GDP, some long term (more than five years) job creation
Substantial social benefit to surrounding community, and individuals in wider community.

Massive

Significant long term beneficial health effects to the wider community
Long term, wide spread benefits to species and/or ecosystems
Significant on-going effect beneficial on GDP, long term job creation on a national basis
Major social benefit affecting wider community

The likelihood applies to the composite likelihood of the end effect, and not either to the initiating
event, or any one of the intermediary events. It includes:



the concept of an initiating event (triggering the hazard), and
the exposure pathway that links the source (hazard) and the area of impact (public
health, environment, economy, or community).

Thus, the likelihood is not the likelihood of an organism escaping, or the frequency of accidents for
trucks containing hazardous substances, but the likelihood of the specified adverse effect10 resulting
from that initiating event. It will be a combination of the likelihood of the initiating event and several
intermediary likelihoods11. The best way to determine the likelihood is to specify and analyse the
complete pathway from source to impact.

Likelihood may be expressed as a frequency or a probability. While frequency is often expressed as a
number of events within a given time period, it may also be expressed as the number of events per
head of (exposed) population. As a probability, the likelihood is dimensionless and refers to the
number of events of interest divided by the total number of events (range 0-1).

Table 3 Likelihood
Descriptor

Description

Highly improbable

Almost certainly not occurring but cannot be totally ruled out

10

11

The specified effect refers to scenarios established in order to establish the representative risk, and may be
as specific as x people suffering adverse health effects, or y% of a bird population being adversely affected.
The risks included in the analysis may be those related to a single scenario, or may be defined as a
combination of several scenarios.
Qualitative event tree analysis may be a useful way of ensuring that all aspects are included.
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Very unlikely

Considered only to occur in very unusual circumstances

Unlikely (occasional)

Could occur, but is not expected to occur under normal operating conditions.

Likely

A good chance that it may occur under normal operating conditions.

Highly likely

Almost certain, or expected to occur if all conditions met

Using the magnitude and likelihood tables a matrix representing a level of risk/benefit can be
constructed.

In the example shown in Table 4, four levels of risk/benefit are allocated: A (negligible), B (low), C
(medium), and D (high). These terms have been used to avoid confusion with the descriptions used
for likelihood and magnitude, and to emphasise that the matrix is a tool to help decide which
risks/benefits require further analysis to determine their significance in the decision making process.

For negative effects, the levels are used to show how risks can be reduced by the application of
additional controls. Where the table is used for positive effects it may also be possible for controls to
be applied to ensure that a particular level of benefit is achieved, but this is not a common approach.
The purpose of developing the tables for both risk and benefit is so that the risks and benefits can be
compared.

Table 4 Level of risk
Magnitude of effect
Likelihood

Minimal

Minor

Moderate

Major

Massive

Highly
improbable

A

A

A

B

B

Very unlikely

A

A

B

B

C

Unlikely

A

B

B

C

C

Likely

B

B

C

C

D

Highly likely

B

C

C

D

D
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Appendix 3: Decision path
FIGURE 5
DECISION PATH FOR APPLICATIONS TO DEVELOP OR
FIELD TEST ANY GMO IN CONTAINMENT

CONTEXT
This decision path describes the decision-making process for applications to develop or field test any
GMO in containment. These applications are made under section 40 of the HSNO Act, and
determined under section 45 of the Act. Applications to develop a GMO in containment require
consideration of section 43 (including sections 41 and 37), and applications to field test a GMO
require consideration of sections 44 (section 37 plus the ability of the organism to escape from
containment) and 44A (alternative research methods with lesser adverse effects and effects of transfer
of genetic elements). Section 37 refers to the ability of the organism to form an undesirable selfsustaining population and ease of eradication.

INTRODUCTION
The purpose of the decision path is to provide the Authority with guidance so that all relevant
matters in the HSNO Act and the Methodology have been addressed. It does not attempt to direct the
weighting that the Authority may decide to make on individual aspects of an application.

In this document „section‟ refers to sections of the HSNO Act, and „clause‟ refers to clauses of the
ERMA New Zealand Methodology.
The decision path has two parts –



Flowchart (a logic diagram showing the process prescribed in the Methodology
and the HSNO Act to be followed in making a decision), and
Explanatory notes (discussion of each step of the process).

Of necessity the words in the boxes in the flowchart are brief, and key words are used to summarise
the activity required. The explanatory notes provide a comprehensive description of each of the
numbered items in the flowchart, and describe the processes that should be followed to achieve the
described outcome.

For proper interpretation of the decision path it is important to work through the flowchart in
conjunction with the explanatory notes.

Page 65 of 77

FIGURE 5 FLOWCHART
Decision path for applications to develop or field test any GMO in
containment (application made under section 40 of the Act and determined
under section 45 of the Act).
1
Review the content of the
application and all relevant
information

2
Is this information sufficient
to proceed?

No

Yes

3
Seek additional
information

4
Sufficient?

Yes

5
Is the application for a proper
purpose?

No

Decline

No

(section 45(1)(b)

6
Identify scope of organism description

7
Identify all risks, costs and benefits that are
potentially non-negligible

8
Consider extent and impact of mandatory and
additional controls under section 45(2) and
45A and whether the organism(s) can be
adequately contained

9
Assess each risk assuming controls in place.

10
Undertake combined consideration of all risks
and costs, cognisant of proposed controls

11
Are all risks with controls in place
negligible?

No

13
Establish position on risk averseness
and appropriate level of caution

No

14
Assess benefits

Clause 27

Clause 26 Yes
12
Is it evident that benefits outweigh
costs?

Yes
Yes
16
Confirm scope of organism description
Confirm and set controls

15
Taking into account controls,
do positive effects outweigh adverse
effects?

No

Approve

Decline
(section 45(1)(b))

(section 45(1)(a))
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FIGURE 5 EXPLANATORY NOTES
An application may be for a single new organism or for a variety or range of new organisms where the
boundaries of the extent of modifications envisaged are well defined (see ERMA New Zealand
Protocol: Interpretations and Explanations of Key Concepts interpretation „Identification of New
Organisms‟). In both of these cases organisms having similar risk profiles should be grouped into
categories. Each category should be considered separately via the path below.

Item 1:

Review the content of the application and all relevant information
Review the application, the E&R Report (or draft decision and Agency advice), and
information received from experts and that provided in submissions (where relevant) in
terms of section 40(2) of the Act and clauses 8, 15, 16 and 20 of the Methodology.

Item 2:

Is this information sufficient to proceed?
Review the information and determine whether or not there is sufficient information
available to make a decision.
The Methodology (clause 8) states that the information used by the Authority in
evaluating applications shall be that which is appropriate and relevant to the application.
While the Authority will consider all relevant information, its principal interest is in
information which is significant to the proper consideration of the application; ie
information which is “necessary and sufficient” for decision-making.

Item 3:

(if no) Seek additional information
If there is not sufficient information then additional information may need to be sought
from the applicant, the Agency or other parties/experts under section 58 of the Act
(clause 23 of the Methodology).

Item 4:

Sufficient?
When additional information has been sought, has this been provided, and is there now
sufficient information available to make a decision?
If the Authority is not satisfied that it has sufficient information for consideration, then
the application must be declined under section 45(1)(b).
Under section 40(4) of the Act the applicant may choose to withdraw the application at
any time.
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Item 5:

(If ‘yes’ from item 2 or from item 4) Is the application for a proper purpose?
Section 39(1) of the Act specifies the purposes for which the Authority may approve the
importation, development or field testing of a new organism. Specifically section
39(1)(a) refers to the development of any new organism, and 39(1)(b) to the field testing
of any new organism.
If the application is not for one of these purposes then it must be declined.

Item 6:

Identify scope of organism description
Clearly identify the scope of the organism. Particular attention should be paid to
whether the application is for a single new organism or a variety of new organisms as
referenced in the Introduction to these notes. Exclusions may be used to sets bounds on
the scope of the organism description where a range or variety of new organisms is being
considered.

Item 7:

Identify all risks, costs and benefits that are potentially non-negligible12
Costs and benefits are defined in the Methodology as the value of particular effects
(clause 2). However, in most cases these „values‟ are not certain and have a likelihood
attached to them. Thus costs and risks are generally linked and may be addressed
together. If not, they will be addressed separately. Examples of costs that might not be
obviously linked to risks are direct financial costs that cannot be considered as „sunk‟
costs (see footnote 1). Where such costs arise and they have a market economic effect
they will be assessed in the same way as risks, but their likelihood of occurrence will be
more certain (see also item 12).
Identification is a two step process that scopes the range of possible effects (risks, costs
and benefits).

12

Relevant effects are marginal effects, or the changes that will occur as a result of the organism(s) being
available. Financial costs associated with preparing and submitting an application are not marginal effects
and are not effects of the organism(s) and are therefore not taken into account in weighing up adverse and
positive effects. These latter types of costs are sometimes called „sunk‟ costs since they are incurred
whether or not the application is successful.
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Step 1:

Identify all risks and costs (adverse effects) and benefits (beneficial effects)
associated with the approval of the organism(s), and based on the range of
areas of impact described in clauses 9 and 10 of the Methodology and
sections 5 and 6 of the Act13.
Effects arising from the transfer of genetic elements, as set out in section
44A(2)(c) of the Act, must also be considered if the application is



for a development that does not take place in a containment
structure, or
for a field test.

Relevant costs and benefits are those that relate to New Zealand and those
that would arise as a consequence of approving the application (clause 14).
Consider short term and long term effects.
Identify situations where risks and costs occur in one area of impact or affect
one sector and benefits accrue to another area or sector; that is, situations
where risks and costs do not have corresponding benefits.

Step 2:

Document those risks, costs and benefits that can be readily concluded to be
negligible14, having regard to the characteristics of the organism and the
circumstances of the application, and eliminate them from further
consideration.
Note that where there are costs that are not associated with risks some of
them may be eliminated at this scoping stage on the basis that the financial
cost represented is very small and there is no overall effect on the market
economy.

Item 8:

Consider extent and impact of mandatory and additional controls under sections
45(2) and 45A and whether the organism(s) can be adequately contained.
Section 45(2) requires the application of controls for all applicable matters specified in
the 3rd Schedule (Part I).
Mandatory controls for certain developments (those that do not take place in a
containment structure) and all field tests are set out in section 45A of the Act. These
relate to removal and/or destruction of material from the site. The Authority must set

13

Effects on the natural environment, effects on human health and safety, effects on Maori culture and
traditions, effects on society and community, effects on the market economy.
14
Negligible effects are defined in the Annotated Methodology as “Risks which are of such little significance in
terms of their likelihood and effect that they do not require active management and/or after the application
of risk management can be justified by very small levels of benefits”.
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controls for the removal of the organisms and any heritable material and may set
controls for the removal or destruction of genetic elements (this is a matter for the
discretion of the Authority).
The Authority may consider other controls to give effect to the purpose of the Act. The
impact of all these controls needs to be considered.
Section 45(1)(a)(iii) requires the Authority to be satisfied that the organism can be
“adequately contained”. The concept of adequate containment includes the satisfactory
biological and/or physical containment of the organism and also the ability of the
applicant to apply and maintain all the controls satisfactorily.

Item 9:

Assess each risk assuming controls in place
The assessment of potentially non-negligible risks and costs should be carried out in
accordance with clauses 12, 13, 15, 22, 24, 25, and 29 to 32 of the Methodology. Most
of these risks and costs will relate to matters in sections 5 and 6 of the Act. In
undertaking this assessment the Authority must take into account the principles of the
Treaty of Waitangi (section 8, and clause 9(c)(iv)).
The assessment is carried out with the controls in place. It should consider the following
four matters that have particular relevance for this type of application.
(1)

The ability of the organism to escape from containment (section 44)

Although strictly speaking, this requirement applies only to field test applications and
not to development applications (see section 45(1)(a)(ii)), it is prudent and good practice
to consider it anyway. This element must be considered in an integrated way in the
assessment process because the ability to escape depends on the containment controls
set.
(2)

Self-sustaining population (section 37).

Section 37 of the Act requires the consideration to have regard to the ability of the
organism to establish an undesirable self sustaining population and the ease of
eradication if it were to establish such a population. Undesirable means (in effect) able
to create significant risks.
(3)

Alternative research methods (section 44A(2)(b))

For certain developments (those that do not take place in a containment structure) and
for all field tests, section 44A of the Act requires alternative means of achieving research
objectives to be taken into account.
The following actions apply:




Consideration of whether there are any other ways of achieving the
research objectives which pose less risk (taking account of the
mitigating impact of controls as well as the absence of controls).
Consideration of whether the difference between possible approaches
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is sufficient to justify declining the application.

(4)

Additional matters

Other matters to be considered in the assessment are:




the extent to which the risk will be mitigated by the setting of
containment and other controls, including the mandatory controls in
the Act; and
the extent to which the risk will be mitigated by the ability to
eradicate the organism if it becomes established.

Assess each potentially non-negligible risk and cost estimating the magnitude of the
effect if it should occur and the likelihood of it occurring considering also the level of
risk if containment or other controls fail, as well as the probability of such a failure. In
estimating the magnitude of the adverse effect take into account the extent to which the
risk might be mitigated by how or whether it might be possible to eradicate the organism
if a significant adverse effect eventuated (section 37). When estimating the likelihood
of the effect occurring, consider the full pathway, that is, all the possible steps that must
occur before the final identified effect is realised. Estimating the likelihood requires
combining (multiplying) all of the individual likelihoods for each link in the chain of
events.
Where there are non-negligible financial costs that are not associated with risks then the
probability of occurrence (likelihood) may be close to 1. Relevant information provided
in submissions should be taken into account.
The distribution of risks and costs should be considered, including geographical
distribution and distribution over groups in the community, as well as distribution over
time. This information should be retained with the assessed level of risk/cost.
Approach to risk and approach to uncertainty
Consider the Authority‟s approach to risk (clause 33 of the Methodology) or how risk
averse the Authority should be in giving weight to the residual risk, where residual risk
is the risk remaining after the imposition of controls.
The risk characteristics set out in clause 33 are:
(a)
(b)
(c)

Exposure to the risk is involuntary:
The risk will persist over time:
The risk is subject to uncontrollable spread and is likely to extend its effects
beyond the immediate location of incidence:
(d) The potential adverse effects are irreversible:
(e) The risk is not known or understood by the general public and there is little
experience or understanding of possible measures for managing the
potential adverse effects.
Consider each non-negligible risk in terms of the factors listed and decide whether to be
Page 71 of 77

risk averse by giving additional weight to that risk. This may be done as part of
estimating the magnitude of the effect or where this is not relevant, it may be done
separately.
Where the Authority chooses to be risk averse, and there is uncertainty as well, the
approach to risk may be consolidated with the approach to uncertainty by adopting a
conservative approach such as the worst feasible case scenario.
See the ERMA New Zealand report „Approach to Risk‟ for further guidance15.
The assessment includes consideration of how cautious the Authority will be in the face
of uncertainty (section 7 and clauses 29-32). Where there is uncertainty, it may be
necessary to estimate scenarios for lower and upper bounds for the adverse effect as a
means of identifying the range of uncertainty (clause 32). It is also important to bear in
mind the materiality of the uncertainty and how significant the uncertainty is for the
decision (clause 29(a)).
For each component (magnitude and likelihood) consider the degree of uncertainty
associated with the estimation of each component. In some cases it may be clear that the
uncertainty could be reduced by gathering further information (undertaking more
scientific tests, or extending the literature search). Before requesting or seeking further
information it is important to consider how important the uncertainty is in terms of the
decision (clause 29(a) – materiality), and to essentially consider the cost-effectiveness of
gathering further information.
Another approach to addressing uncertainty is to look at a range of scenarios and
consider a best feasible-worst feasible scenario range. However, where there is a large
degree of uncertainty, this may not be particularly meaningful for calculating the level of
risk. In other cases, calculating the level of risk for each end of the range may result in a
fairly similar level of risk. Where this does not occur, rather than presenting a wide
range in the level of risk it may be better to concentrate on analysing why the uncertainty
occurs and whether or not there is any obvious way of resolving it.
Additional controls
Controls additional to those mandated in section 45(2) and 45A of the Act (see item 8)
may need to be considered, in order to mitigate risks to whatever level is considered to
be appropriate, and to provide adequate containment.

Item
10:

Undertake combined consideration of all risks and costs, cognisant of proposed
controls
Once the risks and costs have been assessed individually, if appropriate consider all risks
and costs together as a „basket‟ of risks/costs. This may involve combining groups of
risks and costs as indicated in clause 34(a) of the Methodology where this is feasible and
appropriate, or using other techniques as indicated in clause 34(b). The purpose of this

15

http://www.ermanz.govt.nz/resources/publications/pdfs/ER-OP-03-02.pdf
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step is to consider the interactions between different effects and determine whether these
may change the level of individual risks.

Item
11:

Are all risks with controls in place negligible?
At this point the decision path branches. Looking at individual risks in the context of the
„basket‟ of risks, consider whether all of the residual risks are negligible. Consider also
the cumulative effect of the assessed risks.

Where all risks are negligible, and the cumulative effect of the risks is considered to be
negligible then take the clause 26 option and move to item 12. If one or more of the
risks is considered to be non-negligible, or the cumulative sum of the risks is nonnegligible, then take the clause 27 option and move to item 13.

Item
12:
11
Are all risks with controls in place
negligible?

Clause 26 Yes

(from item 11 - if ‘yes’) Is it evident that benefits outweigh costs?
Risks have already been determined to be negligible (item 11), therefore the decision
must be made under clause 26 of the Methodology. In the unusual circumstance where
there are non-negligible costs that are not associated with risks they have been assessed
in item 9.
Costs are made up of two components: internal costs or those that accrue to the
applicant, and external costs or those that accrue to the wider community.
Consider whether there are any non-negligible external costs that are not associated with
risks.
If there are no external non-negligible costs then external benefits outweigh external
costs. The fact that the application has been submitted is deemed to demonstrate
existence of internal or private net benefit, and therefore total benefits outweigh total
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costs16. As indicated above, where risks are deemed to be negligible, and the only
identifiable costs resulting from approving an application are shown to accrue to the
applicant, then a cost-benefit analysis will not be required. The act of an application
being lodged will be deemed by the Authority to indicate that the applicant believes the
benefits to be greater than the costs.
However, if this is not the case and there are external non-negligible costs then all
benefits need to be assessed (via item 14).

Item
13:

11
Are all risks with controls in place
negligible?

Clause 27
No

(from item 11 - if ‘no’) Establish position on risk averseness and appropriate level
of caution
Although „risk averseness‟ (approach to risk, clause 33) is considered as a part of the
assessment of individual risks, it is good practice to consolidate the view on this if
several risks are non-negligible. This consolidation also applies to the consideration of
the approach to uncertainty (section 7).

Item
14:

Assess benefits
Assess benefits or positive effects in terms of clause 13 of the Methodology.
Since benefits are not certain, they are assessed in the same way as risks. Thus the
assessment involves estimating the magnitude of the effect if it should occur and the
likelihood of it occurring. This assessment also includes consideration of the
Authority‟s approach to uncertainty or how cautious the Authority will be in the face of
uncertainty (section 7). Where there is uncertainty, it may be necessary to estimate
scenarios for lower and upper bounds for the positive effect.
An understanding of the distributional implications of a proposal is an important part of
any consideration of costs and benefits, and the distribution of benefits should be
considered in the same way as for the distribution of risks and costs.
The Authority will in particular look to identify those situations where the beneficiaries

16

TECHNICAL GUIDE ‘RISKS, COSTS AND BENEFITS’ PAGE 6 - NOTE THAT, WHERE RISKS ARE NEGLIGIBLE AND THE COSTS
ACCRUE ONLY TO THE APPLICANT, NO EXPLICIT COST BENEFIT ANALYSIS IS REQUIRED. IN EFFECT, THE AUTHORITY TAKES
THE ACT OF MAKING AN APPLICATION AS EVIDENCE THAT THE BENEFITS OUTWEIGH THE COSTS. SEE ALSO PROTOCOL
SERIES 1 ‘GENERAL REQUIREMENTS FOR THE IDENTIFICATION AND ASSESSMENT OF RISKS, COSTS, AND BENEFITS’.
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of an application are different from those who bear the costs17. This is important not
only for reasons related to fairness but also in forming a view of just how robust any
claim of an overall net benefit might be. It is much more difficult to sustain a claim of
an overall net benefit if those who enjoy the benefits are different to those who will bear
the costs. Thus where benefits accrue to one area or sector and risks and costs are borne
by another area or sector then the Authority may choose to be more risk averse and to
place a higher weight on the risks and costs.
As for risks and costs, the assessment is carried out with the default controls in place.

Item
15:

Taking into account controls, do positive effects outweigh adverse effects?
In weighing up positive and adverse effects, consider clause 34 of the Methodology.
Where possible combine groups of risks, costs and benefits or use other techniques such
as dominant risks and ranking of risks. The weighing up process takes into account
controls proposed in items 8 and 9.
Where this item is taken in sequence from items 13 and 14 (i.e. risks are not negligible)
it constitutes a decision made under clause 27 of the Methodology.
Where this item is taken in sequence from items 12 and 14 (i.e. risks are negligible, and
there are external non-negligible costs) it constitutes a decision made under clause 26 of
the Methodology.

Item
16:

Confirm scope or organism description
Confirm and set controls
At this step the scope of the organism description for generic applications should be
reviewed. If changes are made to the organism description, items 7-15 above should be
repeated for the revised organism description. Then the weighing up process in this item
for the revised organism description should also be repeated.
The scope of the organism description has been identified in item 6. This step in the
decision-making process confirms the scope of the organism description in such a way
that the risk boundaries are defined. Controls have been considered at the earlier stages
of the process (items 8, 9 and 16). The final step in the decision-making process brings
together all the proposed controls, and reviews them for overlaps, gaps and
inconsistencies.
Once these have been resolved the controls are confirmed.

17

This principle derives from Protocol Series 1, and is restated in the Technical Guide „Risks, Costs and
Benefits‟.
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Appendix 4: Input from Government departments or experts
Both MAF and DOC were given the chance to comment on the final application.
DOC made no comment on the application and felt it did not appear to be of significance to
the Department.
MAF response to the application:
1.
Application Section 3.1(a), Pg 9
The applicant states that “genetically crippled”
derivatives will be used. If this is intended to mean that the organisms are unlikely to survive
outside the laboratory, MAFBNZ suggests that the evidence supporting this is stated.
We note this comment and in response we do not see the need to give supporting evidence as
these are standard laboratory strains of Escherichia coli and the term “genetically crippled” is
a variation of a theme indicating they are non pathogenic laboratory strains, which have been
used in many approved ERMA applications. The correct terminology is stated in this report
and will be used in any decision by the Authority.

2. Application Section 3.1(d), Pg 11
Presumably all the mammalian cell lines are
already held in New Zealand, otherwise a separate HSNO application and permit to import
may be required?
We note this comment, and agree with MAF. If any cell line is not present in New Zealand,
or the applicant cannot develop themselves, and wish to import will need both an ERMA and
MAF approval depending on what mammalian cell line(s) it is.

3
Application Section 4.1, Pg 47 Although the applicant has stated that infection of
animals will be carried out in a containment facility, it appears that these facilities could be
located anywhere. Two examples are stated but the work may not be restricted to these.
While MAFBNZ has few concerns with this, the applicant is unclear if the work will be
restricted to the two facilities or extended elsewhere.
We note this comment, though this application was designed to be used at any facility
controlled by any of the applicants that are approved by MAF with level PC2 containment
requirements set out in the Microorganisms and Vertebrate Standard and AS/NZS
2243.3:2002 Standard.

4
Application Section 4.2, Pg 49 The applicant lists strictly applied procedures that will
be followed, as specified in the training and operating manuals. Recognising that what is
stated in the application will be audited against and therefore must be complied with,
MAFBNZ sees difficulties with the ability to follow all procedures, as well as audit them. For
Page 76 of 77

example, “all activity in the laboratory will be documented” is too generic to have any
meaning.
We note this comment and have amended this statement to specify that documentation must
be kept denoting the storage location of the viral vectors and viruses, so they can be located if
asked in a MAF inspection. The applicants will for their own benefit document all activity in
the laboratory but MAF does not need to audit this.

5
Application Section 6.1, Pg 64 Some members of the Poxviridae and Papillomaviridae
are unwanted organisms and require permission from a MAF chief technical officer under
s52/53 of the Biosecurity Act 1993 before any propagation, holding or movement can
proceed.
We note this comment and agree with MAF. If the applicants which to work with the
members of Poxviridae and Papillomaviridae that are on the unwanted organism list, will
need permission from a MAF chief technical officer under s52/53 of the Biosecurity Act
1993.
Comments given of behalf of MAF by:
Barry Wards
Senior Adviser
MAF Biosecurity New Zealand
Wellington
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