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Geachte mevrouw Van Nieuwenhuizen,

Further to a request for advice on a broad licence application for vaccine trials using MVA
vectors, COGEM has prepared a generic environmental risk assessment for clinical
applications with MV A vectors for the purpose of streamlining the licensing procedures for
these trials.

Summary:

The modified vaccinia virus Ankara (MVA) is a biologically contained virus with a history of
safe use as a vaccine against smallpox. Vectors derived from MVA are used in various clinical
applications (such as vaccination), in particular because of their high packaging capacity and
high immunogenicity, and because the vector genome does not integrate into the DNA of the
host cell.

COGEM has issued advice on clinical trials with MVVA vectors on a number of previous
occasions. Further to a recent request for advice on a broad licence application for clinical
vaccine trials using MVA vectors, COGEM has prepared a generic environmental risk
assessment for clinical applications with MVA vectors.

MVA vectors are contained such that they are apathogenic and unable to replicate in
humans, which makes further transmission in the environment impossible. Given the
properties of the MVA vectors, COGEM is of the opinion that the risks to human health and
the environment from clinical trials with these vectors are negligible, provided a number of
conditions are met. This generic environmental risk assessment can simplify and streamline
the authorisation process, because it can provide the basis for drawing up a set of standard
licence conditions (vergunning onder vaste voorwaarden — VVoV) for these applications.



The attached report contains COGEM’s advice and a discussion of the underlying reasoning.

Hoogachtend,

Prof. dr. ing. Sybe Schaap
Voorzitter COGEM

c.C. - Dr J. Westra, Head of the GMO Office
- Ministry of Infrastructure and Water Management, Environmental Safety and
Risks Directorate, Directorate-General for the Environment and International
Affairs
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Generic environmental risk assessment of clinical trials with MV A vectors

COGEM Advisory Report CGM/210324-01

1. Introduction

Modified vaccinia virus Ankara (MVA) is an attenuated virus with a history of safe use as a vaccine against
smallpox (caused by the variola virus). Much research has been conducted in recent years to exploit the
properties of this attenuated virus and develop vectors derived from MVA that can be used in a clinical
application, for example as a vaccine against infectious diseases.

1.1 Generic environmental risk assessment

For various reasons, MVA vectors are considered to be good candidates for use as vector systems in clinical
applications (e.g. vaccination), in particular because of their high packaging capacity, their high
immunogenicity as a vaccine and the fact that these vectors can be produced relatively easily. Moreover,
replication of the MVA vector genome takes place in the cytoplasm of the cell and integration of the vector
genome into the host genome has never been reported.>23

On various occasions in the past COGEM has issued advice on clinical trials with MVA vectors. This
present generic environmental risk assessment was drawn up in response to an application for a broad
licence application for the use of MVVA vectors in clinical vaccination trials (on their own or in combination
with replication-deficient adenoviral vectors derived from human adenovirus 26). The assessment can form
the basis for drawing up a simplified authorisation procedure with a set of standard licence conditions
(vergunning onder vaste voorwaarden — VVoV) for clinical trials with MVVA-derived vectors. The properties
of the vectors and other factors and information relevant to the environmental risk assessment are discussed
further below.

2. Poxviruses

The Poxviridae family is divided into two subfamilies, the Chordopoxvirinae and the Entomopoxvirinae.
The subfamily Entomopoxvirinae contains four genera and the Chordopoxvirinae subfamily contains 18
genera. Modified vaccinia virus Ankara (MVA) is an attenuated variant of the chorioallantois vaccinia virus
Ankara (CVA), a poxvirus from the Vaccinia virus species. Vaccinia virus is the type species from the
genus Orthopoxvirus (subfamily Chordopoxvirinae), which includes a further 11 poxvirus species, such as
Monkeypox virus and Cowpox virus.* Another well-known species in this genus is the (now eradicated)
Variola virus, the causative agent of smallpox, with flu-like symptoms and fever followed by the
development of papules, vesicles and pustules on the skin. Infections with Variola virus were fatal in 30%
of cases. The virus was responsible for many casualties in 18" century Europe.

Under natural conditions some poxviruses are very host-specific. For example, Variola virus only infected

humans and Camelpox virus only infects camels, but some other poxviruses have a broader tropism and
can infect several hosts (different animal species and humans). For example, the genus Orthopoxvirus
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contains several poxvirus species that have an animal host but have also been reported to infect humans:
Cowpox virus, Monkeypox virus, Akhemeta virus®®and Abatino macacapox virus.’

The main route of infection with a zoonotic poxvirus is by direct contact with damaged skin, via an animal
bite or via infected objects or materials (fomites).® The primary means of dissemination of the Vaccinia
virus outside the body is by direct contact.® The Variola virus was also able to spread via respiratory
droplets.®

Poxviruses are very stable outside the body: they are able to remain infectious for long periods (many
months) and are highly resistant to desiccation in the material in which they are present and are shed (such
as scabs, serum, blood residues or other excretions).!!! However, they are sensitive to common
disinfectants.!!

2.1 History of modified vaccinia virus Ankara (MVA)

At the end of the 18th century the English physician Edward Jenner demonstrated that material obtained
from the lesions of sick cows (it is assumed this was Cowpox virus or possibly the now extinct horsepox
virus)? could be used to protect people against smallpox caused by the Variola virus. Later, in the 19th
century, the Vaccinia virus became the preferred vaccine virus for controlling the Variola virus,*® but the
origin or background of Vaccinia virus is not known. No natural hosts are known for this virus.** In 1996
the World Health Organization (WHO) began a vaccination campaign to eradicate the Variola virus
worldwide using various Vaccinia virus strains as a vaccine.® The Variola virus was officially declared
eradicated in 1980. Vaccination with Vaccinia virus could in rare cases lead to severe complications, such
as progressive vaccinia (often fatal), generalised vaccinia (which is similar to infection with Variola virus
but often self-limiting), neurological complications or myocarditis. Vaccinia virus vaccination was contra-
indicated for people with skin conditions, such as eczema, because in these people vaccination could induce
a severe infection which can spread to the entire body.

MVA is derived from the chorioallantois vaccinia virus Ankara (CVA), which was developed by culturing
the Ankara strain of the Vaccinia virus on the chorioallantoic membrane of fertilised chicken eggs. In the
past, CVA was also used as a vaccine against smallpox, but secondary lesions sometimes appeared as a
side-effect of the vaccination. Much research has been done on the properties of CVA, including its
evolution and stability, by repeatedly passaging the virus in chicken embryo fibroblast (CEF) cells.!’
After about 570 passages in CEF cells several mutations had arisen in the genome that were associated with
phenotypic changes, such as the inability to form cytopathic effects or plaques in different cell lines and
the absence of skin lesions after skin infection. This modified and highly attenuated form of CVA was
renamed MVA in 1968.12 MVA is not pathogenic in animals, including irradiated mice,® rabbits® and
immunocompromised monkeys.?

MVA has been widely studied, has been used since the 1970s as a human vaccine against smallpox and has
been proven safe in more than 120,000 vaccinated individuals without any serious side effects, even
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amongst individuals with skin diseases and children.?22® The safety of MVA has also been demonstrated
in HIV-infected individuals and cancer patients.?42526:27

In 2003 COGEM classified MV A as apathogenic and assigned it to pathogenicity class 1, because the virus
had been shown to be harmless when used in applications in humans and animals.?®?® The MVA Bavarian
Nordic (BN) strain, created by subjecting the virus to additional passages in CEF cells, was approved for
use on the European market under the name IMVANEX® as a vaccine against smallpox (caused by the
Variola virus).*® MVVA-BN has also proven to be safe in individuals with a contra-indication for the regular
smallpox vaccine (Vaccinia virus).3:32:33

2.2 Genome organisation of MVA

MVA virus particles contain one or two membranes. The viral linear double-stranded DNA genome of
approx. 178 kbp®* % is enclosed within a viral core. After more than 500 passages of parental strain CVA
in CEF cells, six major deletions as well as several small deletions, insertions and point mutations were
made in the MVA genome. As a result, about 15% of the genome (approx. 30 kbp) was lost in comparison
with CVA 133" These deletions occurred in different regions of the genome.®® Compared with parental
strain CVA, MVA contains 71 orthologous open reading frames (ORFs) which code for identical protein
sequences, and 124 ORFs whose gene products contain amino acid alterations, insertions or deletions.!’
The various insertions, deletions and mutations that occurred during the development of MVVA have, among
other things, disrupted or removed genes that are involved in replication in different mammalian cells, in
evading the host immune system and in determining the virulence of the virus.118383

2.3 Infection, DNA replication and life cycle of poxviruses

To adhere to and fuse with host cells, poxviruses are known to require the presence of glycosaminoglycans
or extracellular matrix components, which are found on almost all cells. Poxviruses are therefore likely to
be able to infect a wide range of mammalian cells, but their ability to productively replicate (i.e. form new
virus particles after infection) is dependent on host-cell-specific intracellular factors.*°

Poxviruses (Poxviridae) replicate in the cytoplasm of the host cell. This makes the virus dependent on its
own transcription machinery, which is enclosed in the viral core where the viral DNA is also located. For
translation the virus is dependent on protein synthesis by the cell.*! To infect the host cell, the virus attaches
itself to the surface of the host cell and the viral membrane fuses with the host membrane, mediated by a
viral entry/fusion complex consisting of at least 12 viral proteins; the core then enters the cytoplasm.*24
After some time the core uncoats, releasing the genome. It is assumed that core uncoating occurs in the
vicinity of the endoplasmic reticulum (ER) to form a replication complex surrounded by the membrane of
the raw ER, called a “virus factory’.*

The life cycle of poxviruses has three phases: early, intermediate and late. Early transcription takes place
in the core of the virion by DNA-dependent RNA polymerase to produce viral mRNA that codes for
proteins involved in DNA replication, in the expression of intermediate genes and in the modulation of the
antiviral response by the host. Because the entire transcription machinery is present in the viral core,
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transcription of the viral genome can proceed rapidly following infection. After expression of the early
genes, the core falls apart, allowing DNA replication to take place, followed by transcription of the
intermediate and late genes.*® Replication of the DNA can be detected within two hours of infection. During
the second or intermediate phase, it is mainly proteins needed for the expression of the late genes that are
produced. In the third or late phase, the structural proteins of the virus are expressed and the proteins needed
for the expression of the early genes (such as DNA-dependent RNA polymerase, the capping enzyme and
polyA polymerase) are produced and enclosed in the core of the new virus particle to facilitate the next
infection cycle.*® Vaccinia virus is known to have more than 100 proteins packed into the virus particle.*

The resulting virus particle has two infectious forms: the intracellular mature virion (IMV) and the
extracellular enveloped mature virion (EEV). First the viral DNA is packaged into the host cell in
intracellular immature virions (1) which mature into infectious IMV. The IMVs are released when the cell
lyses as a result of the infection. Some of the IMVs can be packaged in a double membrane from the trans
Golgi network; these are called intracellular enveloped or wrapped virions (IEV or WV). The IEVs are
transported via microtubules to the cell membrane where the outer viral membrane can fuse with the plasma
membrane of the host cell. This form is called the cell-associated enveloped virion (CEV). These CEVS can
be detached from the cell membrane directly or indirectly by induction of actin polymers, the released virus
being known as EEV.40:47:48:49

The IMVs and EEVs have different numbers of surrounding membranes and different
antigens/glycoproteins on the membrane surface. When IMVs infect a cell the single membrane fuses and
the viral core can then enter the cell cytoplasm directly. When EEVs infect a cell the outer membrane is
first disrupted by proteins present on the cell and virus membrane at the site of attachment to the host cell,
allowing the inner membrane to fuse with the host cell.®

2.4 Replication of MVA in different host cells

Productive replication of MVA is possible in a limited number of cell lines, the main cell line being CEF
cells. Replication is also possible in other cell lines of embryonal avian origin, such as chickens, ducks and
quail. However, the deletions in the MVVA genome prevent the virus from productively replicating (non-
permissive cell lines) in most mammalian cells, including human cells.3”*° For example, in HeLa cells
derived from humans, only IV particles have been detected, but no IMVs.®"*! In some specific mammalian
cells, such as baby hamster kidney (BHK-21) cells and IEC-6 cells derived from rats, MVA is capable of
replication (permissive cell lines).}%%5252 There are also some cell lines in which some limited productive
replication can take place (semi-permissive cell lines), such as MA104, BS-C-1 and CV-1 cells (derived
from the grivet) and MDCK cells (derived from the dog).? It should be noted that the potential for
productive infection in vitro can be different, and often broader, than in vivo.** The blockage in the
replication cycle in non-permissive cell lines takes place at a later stage of the replication cycle.>? In human
cells the virus is still able to express the early, intermediate and late genes, as well as any recombinant
genes, but in these cell lines the final assembly of the virus particle is blocked.3"!
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Host range genes

Research into the host range genes responsible for the reduced replication capacity of MVA has been
ongoing for 30 years. It is now clear that regulation of host range is multifactorial and several genes
have been identified that may have a part to play in this process. Repair of a host range gene and
expression of the corresponding protein product often leads to partial recovery of replication capacity,
or replication is only productive when specific cell lines are used. Recently, the new host range gene
C16L/B22R has been identified in the genome of Vaccinia virus and it appears to be involved in
replication in several human host cells.®54 This gene (present in the genome of most orthopoxviruses
in two copies, left and right) is inactivated in MVVA by multiple deletions. When this gene is repaired or
expressed in a human cell line, MVA is able to replicate productively in certain human cell lines. In
addition, when a second host range gene (C12L) that is missing in MVVA — and which was earlier thought
to act as a host range gene — is also repaired, replication capacity can be restored in more human cell
lines.®®

Not all MVA strains have the same phenotypic characteristics. For example, some MVA strains (MVA-
572 and MVVA-1721) are able to replicate productively in cells of human origin and in immunocompromised
mice.>® MVA-572 and MVVA-1721 are assumed to be heterogeneous mixes of MVA variants, some of which
have a different genotype and other phenotypic characteristics, but are present below the PCR detection
limit.5® Sequence analysis of the coding regions has shown that these strains are 100% identical to the MVA
reference genome.®® Further analysis using CVA primers instead of MVA primers has shown that some
variants of MVA-1721 lack deletion sites. Two variants of MVA-572 isolated from immunocompromised
mice were found to have mutations in genes of unknown function. This study of the phenotypic
heterogeneity of these strains and MVA-BN states that MVA-BN cannot replicate in human cell lines and
that it is a homogeneous and stable MVA strain.15®

2.5 MVA as an expression vector

Although MVA cannot productively replicate in most mammalian cells, the virus can infect these cells and
viral genes and any recombinant genes are expressed.®” The degree to which MVA proteins are produced
in HeLa cells (non-permissive for MVA) is similar to that of the wild-type Vaccinia virus Ankara strain in
the same cells.3” Because of the efficient gene expression of MVA and its inability to produce infectious
virus particles after infection, much research is being conducted into MVA as a candidate for the
development of recombinant vectors for clinical applications. The possibility of improving recombinant
gene expression in MVA vectors is also being investigated, for example by using different poxvirus
promoters.®® Promoters from related poxviruses are interchangeable, but may achieve different levels of
gene expression. Research indicates that use of an early promoter, which expresses transgenes during the
early phase, can provide a better cellular immune reaction.>®

2.5.1 MVA vector production systems

The commonest technique for developing recombinant MVA vectors is by means of homologous
recombination in MVA-infected cells. For this a transfer plasmid is used, containing a transgene and a
virus-specific promoter, flanked by the homologous MV A sequences required for integration at a specific
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site in the MVVA genome. The transgene expression cassette can be inserted in regions where the major
deletions have occurred or in non-overlapping regions between essential genes, called intergenic regions
(IGRs).1857:%8 Insertion in IGRs can improve the stability of the recombinant MVA vectors.% It is also
possible to make multiple insertions in the same MVA genome. Sometimes the transfer plasmids contain
selection markers that enable them to select transformed MV A vectors; these marker genes can be removed
after the initial selection by a second recombination event.! An alternative method of obtaining
recombinant MVA is by cloning the MVVA genome as a bacterial artificial chromosome (BAC) which can
be modified in Escherichia coli by homologous recombination.®

3. MVA vectors in clinical trials

Vectors derived from MVA are considered good candidates for therapeutic purposes for several reasons.
Poxvirus vectors have a large packaging capacity (at least 25 kb), which allows large transgene fragments
to be inserted into the genome.* € In addition, the genome replication takes place in the cytoplasm and
integration into the host genome has never been observed. Finally, immunogenicity as a vaccine is high
(possibly due to loss or disruption of immunomodulatory genes)®® and these vectors can be produced
relatively easily.

Since the 1990s, many different preclinical studies and clinical trials have been conducted with MVA
vectors as a prophylaxis or vaccine against various viral, bacterial and parasitic infectious diseases,
including HIV, influenza, malaria, smallpox and tuberculosis, or as treatment for cancer,>18:47:61.62.63 My A
vectors are also used as a boosting agent in vaccine studies, in which the MVA vector is often introduced
some time after the primary vaccination, often with a DNA vaccine or adenoviral vectors. This is also
referred to as a heterologous prime-boost vaccine strategy and serves to enhance the immune response and
thus the development of immunity.

MVA vectors under investigation for their potential as a cancer immunotherapy often contain tumour-
associated antigens that are designed to induce or heighten an immune response to the tumour. The results
of preclinical studies are predominantly positive and the MVA vector is also generally well tolerated in
clinical trials.*"%4

4. Previous COGEM advice

In the past COGEM has advised classifying MVA as apathogenic because the virus had been shown to be
harmless when used in applications in humans and animals.?2° On various occasions COGEM has also
issued advice on clinical trials with MVVA vectors. For example, in 2003 COGEM advised on a phase 1
clinical trial with an MV A-based vaccine to which a number of genes of HIV-1 subtype A had been added.®®
The MVA vector was administered intramuscularly, subcutaneously or intradermally. COGEM considered
the risks of this trial to human health and the environment to be negligible, on condition that not only the
bed linen, but also the clothing is disinfected, given that both may be contaminated if the injection site is
not taped off properly.
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In 2006 COGEM again provided advice on a phase 1 clinical trial with a GM MVA containing sequences
of the HIV-1 subtype B as a vaccine against HIV.% The vaccine was administered in two consecutive
intramuscular injections. COGEM was of the opinion that the addition of the HIV genes does not alter the
non-pathogenic nature of MVVA and considered the risks to human health and the environment of this trial
to be negligible. In addition, COGEM advised using water-resistant plasters to cover the injection site and
instructing participants on how to remove the plaster hygienically in order to minimise spread of the GM
virus. This advice was given on the basis of research showing that following injection of a Vaccinia virus
vaccine, the virus can sometimes be detected on the plaster used to cover the injection site or on the subject’s
hands after removing the plaster.5” COGEM noted in addition that even if some dissemination of the virus
occurs, it considers the chance of the vaccine virus infecting non-test-subjects to be negligible and that any
infection will die out because the virus cannot replicate in human cells.

In 2012 COGEM advised on a phase 1 clinical trial with GM MVA containing the sequence of the
hemagglutinin (HA) gene in the Influenza A virus.®® For this, 16 different GM MVA-HA vectors were
developed for 16 Influenza A virus subtypes. The vaccines were not combined and were administered in
three consecutive intramuscular injections. Despite the expectation that the risks of the clinical trial, when
conducted in accordance with the proposed working instructions, would be negligible, COGEM could not
provide a final judgement due to lack of information on the molecular characterisation. The applicant
subsequently provided experimental data to support the molecular characterisation of one of the MVA-HA
vectors. For this variant, COGEM considered the molecular characterisation to be sufficient and considered
that the same analysis would be needed to come to the same judgement about the other 15 variants.®

In 2020, COGEM advised on a clinical trial with a GM MVA variant in which the spike protein of the
Middle East respiratory syndrome-related coronavirus (MERS-CoV) was added. The vaccine was
administered by intramuscular injection, and hygiene measures were applied during and after vaccination.
COGEM was of the opinion that the environmental risks associated with this clinical trial with MVA
MERS-S_DFI were negligible.”

At the end of May 2020, under an accelerated assessment procedure, the European Medicines Agency
(EMA) approved the MV A-based Ebola vaccine MVA-BN-Filo for placing on the European market.”* In
2019, COGEM issued a confidential® positive advice on this marketing authorisation.” This multivalent
vaccine is based on MVA-BN into which transgenes have been inserted to express the glycoproteins of
various Ebola viruses and the Marburg virus.

5. Considerations concerning the environmental risk assessment

Environmental risk assessments of clinical trials focus primarily on whether or not people or animals not
taking part in the trial (“third parties’) could be infected with the MV A vector or sequences derived from it
and suffer adverse effects as a consequence. The potential environmental risks are related to the

8 This concerns advice on an application for marketing authorisation of a medical application in the EU. Such cases and licence
applications are always declared confidential by the EMA. Under EMA guidelines, COGEM may not publish its advice or
make it publicly available in any way.
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pathogenicity of the vector, the spread of the vector in the environment and the possible formation of
recombinant viruses through recombination in the patient. To support the rationale for this advice, these
aspects are discussed in more detail below.

5.1 Pathogenicity of an MVA vector
COGEM has classified MVA as a non-pathogenic virus and assigned it to pathogenicity class 1.282

5.1.1 Possible adverse effects

In general, MVA vectors are tolerated well in clinical trials and most reported adverse events are categorised
as mild, short-lived and predictable. The method of administration can influence the reported adverse
effects. Compared with the intradermal route, the intramuscular route of administration leads to
significantly fewer local adverse effects (itching, swelling, heat and redness).” Severe adverse effects are
more frequently reported in clinical trials in which high doses (more than 108 plaque forming units) of
MVA vectors are administered, but these effects (malaise, nausea or vomiting, and chills) are not considered
life-threatening.” ™

Besides the properties of the vector itself, the risk assessment of recombinant MVA vectors should also
take into account possible adverse effects of the inserted gene product, such as those of transgenes
associated with virulence, toxins or cytotoxins and the restoration of lost functions. COGEM notes in this
respect that any adverse effects of MVA vectors first and foremost present a risk to the recipient. Whether
or not these effects can also occur in third parties depends on the degree of spread and third-party exposure
to the MVA vectors (see section 5.2).

5.1.2 Integration of the vector genome into the host genome

Replication of the MVA vector genome takes place in the cytoplasm of the cell and MV A does not possess
sequences that enable integration into the host genome.” No evidence has yet come to light to indicate that
the MVA vector genome can integrate into the host genome.*?2

5.2 Replication, shedding and distribution

5.2.1 Replication

When used for human applications, MVA is replication-incompetent.” Productive replication in which new
virus particles can be formed is limited to specific cell lines, mainly of avian origin. When administered in
human tissue, MVA vectors are biologically contained.

5.2.2 Dissemination in the host (biodistribution)

Dissemination in the host of poxviruses, especially Vaccinia virus, can take place in several ways: direct
dissemination from cell to cell through the use of actin tails (microvilli induced by the virus which contain
actin),’ as free virus particles, by infection of leukocytes or by virus-induced movement of the cell. 1647

b A few specific strains are capable of productive replication in human cells in vitro, as described in section 2.4, but it is not
known whether these strains are capable of productive replication in vivo and, if so, whether this could be pathogenic.
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Studies in mice have shown that after initial inoculation of the peritoneum with an MV A vector containing
a bioluminescent transgene (luciferase), the vector was able to spread further in the abdomen. When
administered intramuscularly, the luciferase signal was mainly confined to the site of administration.”” The
MVA vector remains for a limited time only, and in mice it was no longer detectable two days after
intraperitoneal administration; even when administered intramuscularly the amount of vector decreased
rapidly and was very limited 72 to 96 hours after administration.””#” In another study with an MVA-MERS-
S vector in mice, very limited biodistribution was shown in some of the mice and no MVA DNA was
detected in kidneys, rectum, faeces, bladder and urine.” Studies have also been done on dissemination in
macaques following different administration routes (intradermal, intranasal and intramuscular). No MVA
could be isolated from samples of blood, pharyngeal mucosa, lymph glands and other organs, even in
immunocompromised animals. However, after a few days MVA DNA could be detected by PCR.2° In a
study using aerosol administration, the vector was mainly found in the mucosa of the lungs and other parts
of the macaque respiratory system. The vector was not detectable in the brain or eyes.*’

5.2.3 Dissemination outside the host (shedding)

There is little information available about the shedding of MVA vectors used in clinical trials. In one phase
1 study involving a recombinant MVA vector used to express the human protein MUCL1 as a therapy for
cancer patients, plasma and urine samples taken 1 to 4 hours or 8 days after inoculation were examined and
no vector sequences or virus particles were detected.” It is assumed that any shedding will be limited,
because the vector cannot replicate productively.>

When the Vaccinia virus vaccine is administered skin lesions often occur in which vector particles can be
found. MVA (and IMVANEX®) are known not to cause skin lesions after intramuscular administration. 8.8
However, when administered subcutaneously, virus particles may still be present on the skin immediately
after injection.! Another way in which dissemination beyond the intended patient may occur is through
spillage or leakage of contaminated material, or via aerosols generated during this process.

MVA vectors shed into the environment are biologically contained and will not spread further. If the
transgene or transgene product does not contribute to restoration of attenuated properties or complement
the replication-incompetent property of the vector, COGEM considers the chance of further spread of MVA
vectors to humans or animals as a consequence of potential shedding to be negligible. COGEM also points
out that observing standard hygiene measures inside and outside the hospital — or taking additional measures
when using administration methods that involve the risk of shedding — will further reduce the chance of
third party exposure.

5.3 Recombination

Recombination can occur when related viruses simultaneously infect the same cell, which may lead to the
restoration of the lost functions in the MVA vector or introduction of the transgene sequence into a wild-
type poxvirus. A requirement for this is that a related poxvirus can also infect humans. The best known
poxvirus of the genus Orthopoxvirus that causes infections in humans and only has humans as its host is
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Variola virus. However, this virus has been eradicated worldwide since 1980, which rules out coinfection
with this virus. There are also several orthopoxviruses with zoonotic potential (see section 2), such as
Monkeypox virus and Camelpox virus. Variants of Vaccinia virus, for which no natural hosts are known,
have been demonstrated in cattle and buffalo in Brazil and India, and human infections have also been
reported.®8! Human infections with orthopoxviruses are very rare in Europe®®® and known cases have been
sporadic. Three cases of infection with Monkeypox virus, probably contracted in Nigeria, were reported in
September 2018 and December 2019.828 |nfection with Cowpox virus is very rare and has been reported
mainly in people who have been in direct contact with an infected animal.8

Vaccinia virus has been associated with the phenomenon of “superinfection exclusion’ in which secondary
infection of the same host is prevented by expression of certain early proteins.® The formation of ‘virus
factories” (see section 2.3), in which DNA is replicated, can also hinder recombination.®” It still possible
for viruses to simultaneously infect the same cell.® Recombination between MVA vectors and related
orthopoxviruses has been demonstrated in vitro by coinfection with an MVA vector and cowpox virus.%:8°
The resulting hybrid viruses lose the transgenes after a few passages (depending on the cell lines used). In
some cases the plaque phenotypes in the hybrid viruses were similar to the parent viruses, but could also
differ from both parental viruses.®3# Besides in vitro recombination between a recombinant MVA vector
and a cowpox virus variant following coinfection, recombination after superinfection in Vero cells (semi-
permissive) has also been described (2 to 6 hours after primary infection with a multiplicity of infection of
5), in which 0.4% to 7.1% of the plaques involved recombinant viruses with the transgene. Again, different
plaque phenotypes were described for hybrid viruses with and without the transgene.”

Recombination between an MVA vector and circulating orthopoxviruses is possible. However, COGEM
considers it highly unlikely that a patient administered with an MV A vector will be coinfected with a related
orthopoxvirus, because zoonotic orthopoxviruses do not circulate in Europe and infection with these
orthopoxviruses is therefore very rare. In addition, MV A-infected cells can only survive for a short time
before they are cleared by the immune system, because after administration only a single round of infection
can take place and no new infectious virus particles are formed that can infect other cells.

In addition to the genus Orthopoxvirus, there are other genera within the family Poxviridae that contain
virus species capable of infecting humans, such as Molluscum contagiosum virus from the genus
Molluscipoxvirus, which only infects humans.® Bovine popular stomatitis virus, Orf virus, Pseudocowpox
virus and Grey sealpox virus from the genus Parapoxvirus and Tanapox virus and Yaba monkey tumour
virus from the genus Tatapoxvirus all have zoonotic potential and can also infect humans. Tatapoxviruses
are only found in Africa. COGEM considers the chance of recombination between MVA vectors and
poxviruses from another genus than Orthopoxvirus to be negligible, because in the past this has never been
reported during or after large-scale vaccinations with Vaccinia virus variants to prevent infection with the
Variola virus.

Taking all of the above into consideration, COGEM concludes that the risk of recombination is negligible.
Furthermore, to the best of COGEM’s knowledge, there are no indications that recombination between
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MVA vectors and other poxviruses has occurred at the time of vaccination with MVA or when using this
vector in clinical trials.

5.3.1 Reversion to wild type

MVA vectors are biologically contained. They lack 15% of the genome of the parental strain CVA as a
result of various major and minor deletions and mutations.? The possibility of maintaining productive
replication is probably attributable to several missing or malfunctioning gene products. COGEM therefore
considers the chance of spontaneous complete reversion of the genome resulting in a fully replication-
competent phenotype to be negligible.

5.4 Sub-conclusions
Based on the above analysis, COGEM concludes that:

- Incidentally observed adverse effects following administration of MVA vectors mainly affect the
recipient. Whether or not these effects can also occur in third parties depends on the degree of
spread and third party exposure to these vectors.

- MVA vectors are attenuated and biologically contained, and because they are unable to
productively replicate in humans they cannot spread in the environment.

- Itis not clear whether or not MVVA vectors can be shed, but they can be present on the skin after
administration. Their biological containment prevents further spread.

- Infection with wild-type poxvirus is very rare. Coinfection or recombination with a wild-type
poxvirus following vaccination has not been described, despite a long history of use as a vaccine
and application in clinical trials.

6. Other points of significance for the environmental risk assessment

6.1 Molecular characterisation

In 2013 COGEM issued a generic advice on the genetic characterisation of GMOs for clinical
applications.®® COGEM points out that in addition to MVA-BN, other MVA strains exist, of which some
are heterogeneous mixes of MVA variants and that can replicate in human cell lines. It is therefore
necessary, in COGEM’s opinion, that before MVA vectors are used in clinical applications it should be
demonstrated that only pure MVA clones will be used that are incapable of productive replication in human
cells and in most mammalian cells. In addition, COGEM considers that a complete sequence and
bioinformatic analysis must be made of the MVA vector with insert to rule out the possibility of using a
heterogeneous mix and to confirm that the sequence of the MVA vector corresponds to the intended
sequence. COGEM is of the opinion that if these conditions are met a sufficient molecular characterisation
of the MVA vector will be obtained.

7. Advice

Based on the above, COGEM concludes that it is possible to draw up a generic environmental risk
assessment for clinical applications involving MVA vectors. Because of the apathogenic nature of these
vectors and the fact that replication of these vectors in human cells is not possible, COGEM is of the opinion
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that the risks to human health and the environment of clinical trials with MVA vectors are negligible,
provided a number of conditions are met. In such trials COGEM advises adhering to the following

conditions:

The MVA vector has been derived from a pure MVA clone that is incapable of productive

replication in human cells and most mammalian cells.

The MVA vector has been fully sequenced and analysed to confirm that the vector sequence

corresponds to the intended sequence.

The transgene used does not code for a gene product that contributes to restoration of attenuated

properties or complements the replication-incompetent property of the vector.

References

10.
11.

12.

13.
14,

15.

Verheust C et al. (2012). Biosafety aspects of Modified Vaccinia virus Ankara (MVA)-based vectors used
for gene therapy or vaccination. Vaccine 30: 2623-2632

Goossens M et al. (2013). Environmental risk assessment of clinical trials involving modified vaccinia
virus Ankara (MVA)-based vectors. Curr. Gene Ther. 13: 413-420

Cottingham MG & Carroll MW (2013). Recombinant MV A vaccines: Dispelling the myths. Vaccine 31:
4247-4251

International Committee on Taxonomy of Viruses (2019). https://talk.ictvonline.org/taxonomy/ (accessed:
15 February 2021)

Vora NM et al. (2015). Human infection with a zoonotic Orthopoxvirus in the country of Georgia. N. Engl.
J. Med. 372: 1223-1230

Doty JB et al. (2019). Isolation and characterization of Akhmeta virus from wild-caught rodents (Apodemus
spp.) in Georgia. J. Virol. 93: e00966-19

Gruber CEM et al. (2018). Whole genome characterization of Orthopoxvirus (OPV) Abatino, a zoonotic
virus representing a putative novel clade of old world orthopoxviruses. Viruses 10: 546

Lewis-Jones S (2004). Zoonotic poxvirus infections in humans. Curr. Opin. Infect. Dis. 17: 81-89

Stark JH et al. (2006). Lack of Transmission of Vaccinia Virus. Emerg. Infect. Dis. 12: 698-700

Ammon A et al. (2007). Early disease management strategies in case of smallpox outbreak. In: Poxviruses.
Editors: Mercer AA et al. Switzerland: Birkh&user Verlag Basel; 397-405.

Van Rheinbaben F et al. (2007). Environmental resistance, disinfection and sterilization of poxviruses. In:
Poxviruses. Editors: Mercer AA, Schmidt A, Weber O. Switzerland: Birkhduser Verlag Basel; 397-405.
Esparza J et al. (2017). Equination (inoculation of horsepox): An early alternative to vaccination
(inoculation of cowpox) and the potential role of horsepox virus in the origin of the smallpox vaccine.
Vaccine 35: 7222-7230

Centers for Disease Control and Prevention (CDC). History of Smallpox.
https://www.cdc.gov/smallpox/history/history.html (accessed: 15 February 2021)

Damon IK (2013). Chapter 67: Poxviruses. In: Fields Virology, Volume 2, sixth edition. Edited by. Knipe
DM et al. Lippincott, Williams & Wilkins, Philadelphia. 2161-2184

Sanchez-Sampedro L et al. (2015). The evolution of poxvirus vaccines. Viruses 7: 1726-1803

COGEM advies CGM/210324-01 12


https://talk.ictvonline.org/taxonomy/
https://www.cdc.gov/smallpox/history/history.html

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

217.

28.

29.
30.

31.

32.

33.

34.

35.

Smith GL (2007). Genus Orthopoxvirus: Vaccinia virus. In: Poxviruses. Editors: Mercer AA et al.
Switzerland: Birkhduser Verlag Basel

Meisinger-Henschel C et al. (2007). Genomic sequence of chorioallantois vaccinia virus Ankara, the
ancestor of modified vaccinia virus Ankara. J. Gen. Virol. 88: 3249-3259

Volz A & Sutter G (2017). Modified vaccinia virus Ankara: History, value in basic research, and current
perspectives for vaccine development. Adv. Virus Res. 97: 187-243

Mayr A et al. (1978). The smallpox vaccination strain MVA: marker, genetic structure, experience gained
with the parenteral vaccination and behavior in organisms with a debilitated defense mechanism. Zentralbl.
Bakteriol. 167: 375-390

Werner GT et al. (1980). Studies on poxvirus infections in irradiated animals. Arch. Virol. 64: 247-256
Stittelaar KJ et al. (2001). Safety of modified vaccinia virus Ankara (MVA) in immune-suppressed

macaques. Vaccine. 19: 3700-3709

Mayr A et al. (1978). Vaccination against pox diseases under immunosuppressive conditions. Dev. Biol.
Stand. 41: 225-34

McCurdy LH et al. (2004). Modified vaccinia virus Ankara: Potential as an alternative smallpox vaccine.
Clin. Infect. Dis. 38: 1749-1753

Greenough TC et al. (2008). Safety and immunogenicity of recombinant poxvirus HIV-1 vaccines in young
adults on highly active antiretroviral therapy. Vaccine 26:6883-93

Cosma A et al. (2007). Evaluation of modified vaccine virus Ankara as an alternative vaccine against
smallpox in chronically HIV type 1-infected individuals undergoing HAART. AIDS Res. Hum.
Retroviruses 23:782-93

Harrop R et al. (2010). Cross-trial analysis of immunologic and clinical data resulting from phase | and |1
trials of MVA-5T4 (TroVax) in colorectal, renal, and prostate cancer patients. J. Immunother. 33: 999—
1005

Oudard S et al. (2011). A phase Il study of the cancer vaccine TG4010 alone and in combination with
cytokines in patients with metastatic renal clear-cell carcinoma: clinical and immunological findings.
Cancer Immunol. Immunother. 60: 26171

COGEM (2003). Classificatie geattenueerde pokkenvirus-stammen en aanvullende voorschriften. COGEM
advies CGM/030519-06

COGEM (2003). Classificatie van geattenueerde pokkenvirusstammen. COGEM advies CGM/030922-04
European Medicines Agency. IMVANEX https://www.ema.europa.eu/en/medicines/human/EPAR/imvanex
(accessed: 15 February 2021)

VVon Sonnenburg F et al. (2014). Safety and Immunogenicity of Modified Vaccinia Ankara as a Smallpox
Vaccine in People With Atopic Dermatitis. Vaccine 32: 5696-5702

Vollmar J et al. (2006). Safety and immunogenicity of IMVAMUNE, a promising candidate as a third
generation smallpox vaccine. Vaccine 24: 2065-2070

Darsow U et al. (2016). Long-term safety of replication-defective smallpox vaccine (MVVA-BN) in atopic

eczema and allergic rhinitis. J. Eur. Acad. Dermatol. Venereol. 30: 1971-1977

Skinner MA et al. (2012). The Double Stranded DNA Viruses, family Poxviridae. In: Virus Taxonomy,
Ninth report of the international committee on taxonomy of viruses. Edited by King AMQ et al. Elsevier
Academic Press, Amsterdam 291-309

Antoine G et al. (1998). The complete genomic sequence of the Modified Vaccinia Ankara strain:
Comparison with other orthopoxviruses. Virology 244: 365-396

COGEM advies CGM/210324-01 13


https://www.ema.europa.eu/en/medicines/human/EPAR/imvanex

36.

37.

38.

39.

40.
41.
42,

43.

44,

45,
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Meyer H et al. (1991). Mapping of deletions in the genome of the highly attenuated vaccinia virus MVA

and their influence on virulence. J. Gen. Virol. 72: 1031-1038
Sutter G & Moss B (1992). Nonreplicating vaccinia vector efficiently expresses recombinant genes. Proc.
Natl. Acad. Sci. USA 89: 10847-10851

Peng C & Moss B (2020). Repair of a previously uncharacterized second hostrange gene contributes to full
replication of modified vaccinia virus Ankara (MVA) in human cells. Proc. Natl. Acad. Sci. USA 117:
3759-3767

Blanchard TJ et al. (1998). Modified vaccinia virus Ankara undergoes limited replication in human cells
and lacks several immunomodulatory proteins: implications for use as a human vaccine. J. Gen. Virol. 79:
1159-1167

McFadden G (2005). Poxvirus tropism. Nat. Rev. Microbiol. 3: 201-213

Liem J & Liu J (2016). Stress beyond translation: Poxviruses and more. Viruses 8: 169

International Committee on Taxonomy of Viruses (ICTV). Family: Poxviridae. ICTV Ninth Report; 2009
Taxonomy Release. https://talk.ictvonline.org/ictv-reports/ictv_9th_report/dsdna-viruses-
2011/w/dsdna_viruses/74/poxviridae (accessed: 15 February 2021)

Moss B (2012). Poxvirus cell entry: how many proteins does it take? Viruses 4: 688-707

Novoa RR et al. (2005). Virus factories: associations of cell organelles for viral replication and
morphogenesis. Biol. Cell 97: 147-172

Broyles SS (2003). Vaccinia virus transcription. J. Gen. Virol. 84: 2293-2303

Rubins KH et al. (2008). Comparative analysis of viral gene expression programs during poxvirus
infection: a transcriptional map of the vaccinia and monkeypox genomes. PL0S One. 3: €2628

Gbmez CE et al. (2008). The poxvirus vectors MVA and NYVAC a gene delivery systems for vaccination
against infectious diseases and cancer. Curr. Gene Ther. 8: 97-120

Liu L etal. (2014). From crescent to mature virion: Vaccinia virus assembly and maturation. Viruses, 6:
3787-3808

Condit RC et al. (2006). In a nutshell Structure and assembly of the vaccinia virion. Adv. Virus Res. 66:

31-124

Drexler I et al. (1998). Highly attenutated modified vaccinia virus Ankara replicates in baby hamster
kidney cells, a potential host for virus propagation, but not in various human transformed and primary cells.
J. Gen. Virol. 79: 347-52

Sancho MC et al. (2002). The block in assembly of modified Vaccinia virus Ankara in HeLa cells reveals
new insights into VVaccinia virus morphogenesis. J. Virol. 76: 8318-8334

Carroll MW & Moss B (1997). Host range and cytopathogenicity of the highly attenuated MV A strain of
vaccinia virus: propagation and generation of recombinant viruses in a nonhuman mammalian cell line.
Virology 238: 198-211

Okeke Ml et al. (2006). Modified vaccinia virus Ankara multiplies in rat IEC-6 cells and limited production
of mature virions occurs in other mammalian cell lines. J. Gen. Virol. 87: 21-27

Sutter G (2020). A vital gene for modified vaccinia virus Ankara replication in human cells. Proc. Natl.
Acad. Sci. USA 117: 6289-6291

Suter M et al. (2009). Modified vaccinia Ankara strains with identical coding sequences actually represent
complex mixtures of viruses that determine the biological properties of each strain. Vaccine 27: 7442-7450

COGEM advies CGM/210324-01 14


https://talk.ictvonline.org/ictv-reports/ictv_9th_report/dsdna-viruses-2011/w/dsdna_viruses/74/poxviridae
https://talk.ictvonline.org/ictv-reports/ictv_9th_report/dsdna-viruses-2011/w/dsdna_viruses/74/poxviridae

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

COGEM advies CGM/210324-01

Alharbi NK et al. (2019). Poxviral promoters for improving the immunogenicity of MVA delivered
vaccines. Hum. Vaccin Immunother. 15: 203-209

Drexler | et al. (2004). Modified vaccinia virus Ankara as antigen delivery system: how can we best use its
potential? Curr. Opin. Biotechnol. 15: 506-512

Whyatt et al. (2009). Elucidating and minimizing the loss by recombinant vaccinia virus of human
immunodeficiency virus gene expression resulting from spontaneous mutations and positive selection. J.
Virol. 83: 7176-7184

Timm A et al. (2006). Genetic stability of recombinant MVA-BN. Vaccine 24: 4618-4621

Smith GL & Moss B (1983). Infectious poxvirus vectors have capacity for at least 25000 base pairs of
foreign DNA. Gene. 25: 21-28

Im EJ & Hanke T (2014). MVA as a vector for vaccines against HIVV-1. Expert Rev. Vaccines. 3: 589-597
Altenburg AF et al. (2014). Modified vaccinia virus Ankara (MVA) as production platform for vaccines
against influenza and other viral respiratory diseases. Viruses 6: 2735-2761

Rimmelzwaan GF & Sutter G (2009). Candidate influenza vaccines based on recombinant modified
vaccinia virus Ankara. Expert. Rev. Vaccines 8: 447-454

Guo ZS et al. (2019). Vaccinia virus-mediated cancer immunotherapy: cancer vaccines and oncolytics. J.

Immunother. Cancer 7: 6

COGEM (2003). MVA-HIV A vaccin Kklinische fase I studie (CGM/031211-02)

COGEM (2006). Fase I klinische studie met een genetisch gemodificeerd MV A virus gericht tegen HIV-B.
(CGM/061012-01)

Talbot TR et al. (2004). Risk of Vaccinia transfer to the hands of vaccinated persons after smallpox
immunization. Clin. Infect. Dis. 35: 536-541

COGEM (2012). Klinische studie met genetisch gemodificeerd Modified vaccinia virus Ankara vaccin dat
codeert voor het Hemagglutinine van Influenza A virus. COGEM advies CGM/120625-01

COGEM (2012). Aanvullende informatie klinische studie met gg-MVA-HA vaccin. COGEM advies
CGM/120928-01

COGEM (2020). Klinische studie met gg-vaccin MVA-MERS-S_DF1 ter bescherming tegen MERS-CoV.
COGEM advies CGM/201019-01

European Medicines Agency (EMA). Mvabea
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/mvabea (accessed: 15 February 2021)
COGEM (2019). Application for the market authorisation of MVVA-BN-Filo a recombinant, replication
incompetent Ebola vaccine. COGEM advies CGM/191212-01 [CONFIDENTIAL]

Gilbert SC (2013). Clinical development of Modified Vaccinia virus Ankara vaccines. Vaccine 31: 4241-
4246

Okeke Ml et al. (2017). Hazard characterization of Modified Vaccinia virus Ankara vector: What are the
knowledge gaps? Viruses 9: 318

European Medicines Agency (EMA, 2007). Guideline on non-clinical testing for inadvertent germline
transmission of gene transfer vectors. EMEA/273974/2005

Cudmore S et al. (1995). Actin-based motility of vaccinia virus. Nature 378: 636-638

Gomez CE et al. (2007). Virus distribution of the attenuated MVA and NYVAC poxvirus strains in mice. J.
Gen. Virol. 88: 2473-2478

15


https://www.ema.europa.eu/en/medicines/human/summaries-opinion/mvabea

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Langenmayer MC et al. (2018). Distribution and absence of generalized lesions in mice following single
dose intramuscular inoculation of the vaccine candidate MVA-MERS-S. Biologicals 54: 58-62

Rochlitz C et al. (2003). Phase | immunotherapy with a modified vaccinia virus (MVA) expressing human
MUC1 as antigen-specific immunotherapy in patients with MUC1-positive advanced cancer. J. Gene Med.
5: 690-699

Kennedy JS & Greenberg RN (2009). IMVAMUNE: modified vaccinia Ankara strain as an attenuated
smallpox vaccine. Expert. Rev. Vaccines 8: 13-24

Centers for Disease Control and Prevention (CDC). Smallpox & other Orthopox-associated infections.
https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-related-infectious-diseases/smallpox-and-other-
orthopoxvirus-associated-infections (accessed: 15 February 2021)

European Centre for Disease Prevention and Control (ECDC). Rapid risk assessment, Monkeypox cases in
the UK imported by travelers returning from Nigeria, 2018. https://www.ecdc.europa.eu/en/publications-
data/rapid-risk-assessment-monkeypox-cases-uk-imported-travellers-returning-nigeria (accessed: 15
February 2021)

Public Health England. Monkeypox case confirmed in England.
https://www.gov.uk/government/news/monkeypox-case-confirmed-in-england (accessed: 15 February
2021)

European Centre for Disease Prevention and Control (ECDC). Cowpox
https://www.ecdc.europa.eu/en/cowpox/about-disease-cowpox (accessed: 15 February 2021)

Doceul V et al. (2010). Repulsion of superinfecting virions: a mechanism for rapid virus spread. Science.
327:873-876

Laliberte JP & Moss B (2014). A novel mode of poxvirus superinfection exclusion that prevents fusion of
the lipid bilayers of viral and cellular membranes. J. Virol. 88: 9751-9768

Paszkowski P et al. (2016). Live-cell imaging of VVaccinia virus recombination. PLoS Pathog. 12: e1005824
Okeke Ml et al. (2009). In vitro host range, multiplication and virion forms of recombinant viruses
obtained from co-infection in vitro with a vaccinia-vectored influenza vaccine and a naturally occurring
Cowpox virus isolate. Virol. J. 6: 55

Hansen H et al. (2004). Recombinant viruses obtained from co-infection in vitro with a live vaccinia-
vectored influenza vaccine and a naturally occurring Cowpox virus display different plaque phenotypes and
loss of the transgene. Vaccine 23: 499-506

COGEM (2013). Criteria voor moleculaire karakterisering van ggo’s voor medische en veterinaire
toepassing. COGEM advies CGM/130227-05

COGEM advies CGM/210324-01 16


https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-related-infectious-diseases/smallpox-and-other-orthopoxvirus-associated-infections
https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-related-infectious-diseases/smallpox-and-other-orthopoxvirus-associated-infections
https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-monkeypox-cases-uk-imported-travellers-returning-nigeria
https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-monkeypox-cases-uk-imported-travellers-returning-nigeria
https://www.gov.uk/government/news/monkeypox-case-confirmed-in-england
https://www.ecdc.europa.eu/en/cowpox/about-disease-cowpox

