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The application is for a genetically modified virus (GMO) to be used
as a vaccine for chickens. Vaxxitek HVT + IBD is a live vaccine based
on the turkey Herpesvirus (HVT) expressing the VP2 transgene from
the Infectious Bursal Disease Virus (IBDV). The vaccine is indicated
for the active immunisation of chickens to help prevent both
Infectious Bursal disease and Marek’s disease.

Infectious Bursal Disease is a highly contagious disease of young chickens
caused by infectious bursal disease virus (IBDV), and characterized by
immuno-suppression and mortality generally at 3 to 6 weeks of age. In
recent years very virulent strains of IBDV, causing severe mortality in
chickens, have emerged in Europe, Latin America, South-East Asia, Africa
and the Middle East http://cost839.var.fgov.be/vir.htm. IBDV is shed in the
faeces and transferred by dust and bedding or litter. IBDV is a double
stranded RNA virus and there are two distinct serotypes, but only serotype 1
viruses causes disease in poultry. At least six antigenic variants of IBDV
serotype 1 have been identified. Many of these variants were reported to
evade high levels of maternal antibodies in commercial flocks, resulting in 60
to 100 % mortality rates
http://en.wikipedia.org/wiki/Infectious_Bursal_Disease. The IBDV VP2
protein has been shown to contain neutralizing antigenic sites and to elicit a
protective immune response in chickens (and hence is was chosen as a
vaccine for Infectious Bursal Disease by the applicant). Importantly, most of
the amino acid changes between antigenically different IBDVs are clustered
in the hypervariable region of VP2; indicating that the virus is constantly
mutating or changing this region in order to evade the immune system (Cao
et al. 1998; Kasanga et al. 2006). Therefore, the vHVT013-69 vaccine that
uses a single IBVD VP2 gene is unlikely to be effective for all IBDV viruses
and the virus will evolve or recombine with other IBVD variants to avoid the
antibodies generated by the immune system as a result of VHVT013-69
immunisation. In other words, the efficacy of a single recombinant VP2 over
time in field conditions will be short lived and a better option would be to use
attenuated composite IBDV vaccine or several VP2 recombinant variants.

Marek's disease is a virus-induced disease of chickens characterized by tumor
formations in nerve, organ, muscle and epithelial tissue. It usually affects
chickens 2 to 16 weeks of age. Clinical signs are "gray eye" caused by
tumors in the pupils and blindness, tumors of the liver, kidneys spleen,
gonads, pancreas, lungs, muscles and skin. It is a highly contagious and can
be transmitted by direct and indirect contact between birds. Transmission is
primarily by airborne route as the virus is shed in epithelial cells of the
feather follicle, dander, chicken house dust, feces and saliva. The virus has a
long survival time in dander since viable virus has been isolated from houses



that have been depopulated for many months. Transmission by egg has no
significance (i.e., chicken hatched and reared in isolation will be free of MDV)
http://www.addl.purdue.edu/newsletters/2005/Spring/mareks.htm

Marek’s disease is caused by Marek’s disease virus (MDV) serotype 1, MDV1
(Churchill and Biggs, 1967 and Nazerian et al., 1968). MDVs are typical
herpes viruses belonging to the family Herpesviridae (Van Regenmortel et
al., 1999) and consist of three closely related viruses serotypes- MDV1,
MDV2 and MDV3. The serotype 3 (MDV3) is also known as herpes virus of
turkeys (HVT). Marek’s disease has been controlled by vaccination since
1970 and is usually very effective (a 90% success rate is reported)
http://www.addl.purdue.edu/newsletters/2005/Spring/mareks.htm. Several
types of vaccine have been used: attenuated MDV1 (attMDV1), naturally
apathogenic MDV2, and HVT (Witter, 2001). The mechanism by which
vaccination prevents clinical Marek’s disease is poorly understood. Following
vaccination of chickens with attenuated MDV1 or HVT, superinfection with
field strains of MDV1 has been reported (Churchill et al., 1969; Biggs et al.,
1970 and Purchase and Okazaki, 1971). In addition, the co-existence of
more than one serotype of MDV in the same host is also an established
phenomenon (Cho, 1977). The presence of MDV1 in successfully vaccinated
chickens is indicative of infection rather than disease as the host does not
develop tumors, but does continue to shed the virus. Therefore, even
vaccinated chickens can carry active non-pathogenic viral loads (i.e. carriers
of the disease) and the switch from benign to disease-causing virus is not
established or understood.

Unintended genetic effects: Uncertain Insertion site and effect on the
HBV Genomic integrity and stability

There is a fundamental uncertainty on the host HVT genome as a result of
inserting the transgenic cassette containing the IBDV VP2 gene. The site of
insertion is described as “intergenel”- presumably an intergenic region
between two genes whose functions are unknown. The uncertainty of
insertion of the transgene is of increased concern for viruses since
overlapping genes are not uncommon and so the consequences are less well
understood. Important changes in genome function as a result of gene
disruption or mutation of the HVT genome include changes in pathogenicity
and host-range. From available scientific evidence and knowledge of viral
evolution these changes will occur if there is positive selection. It has been
shown that small mutations and differences in intergenic or repeat regions of
the MDV1 (compared to non-pathohenic HVT) are probably responsible for
pathogenicity (Santin et al. 2006 and Kingham et al 2001).

Therefore comparative genome analysis is required to ascertain if there are
any unintended genetic effects/mutations. Experiments using comparative
genomics are required to fully establish genome stability of the GM virus,
vHVT013-69. Techniques such as repPCR, RAPD and comparative genome
hybridization (CGH) will be effective in establishing genome similarity (Bao et



al. 1993, Pinkel and Albertson 2005). Alternatively, high-throughput DNA
sequencing of the genome of VHVT013-69 may be employed to definitively
characterise genome similarity and identify any sequence differences
compared to the wild type HVT. The changes in genome function as a result
of the insertion of this transgene are difficult to predict, but may include
important factors such as host range that have not been directly addressed
in this study (i.e. does the HVT of the vVHVT013-69 vaccine, have increased
host range compared to wild type HVT?).

Murid (murine) herpesvirus 1 principle gene A promoter is part of the
transgenic cassette. The effects of this promoter on global gene expression
of the HBV virus have also not been studied by the applicant. There are also
other changes in the HBV virus genome that do not receive any biosafety
assessment. The applicant states that during the insertion of the transgenic
cassette a small part of the genome (15bp) was deleted, but this genetic
change is not featured in the biosafety assessment by the applicant. Recent
findings also indicate that the viral RNA-dependent RNA polymerase have the
ability to recognize heterologous 3" UTRs (from the lettuce mosaic virus and
the cucumber mosaic virus) included in transgene mRNAs, and to use them
as transcription promoters (Jones et al. 1993 and 1996). These findings have
important implications for the safety of viral resistant transgenic plants in
general since they indicate changes in intergenic or UTR regions can lead to
activation of other genes and viruses.

Risk of transfer to other species
Since the virus used is a live and not the attenuated vaccine as used in the

past (i.e. attenuated MDV1, attMDV1 is virus that is heat or chemical treated
so that the virus can no longer replicate but still generate an immune
response) there are increased risks of viral escape since the live virus can
replicate in the host, thereby increasing in number. Furthermore, the close
relatedness between pathogenic and non-pathogenic strains of the MDV
serotypes increases the risks that even small mutations or recombination
events of the VHVTO013-69 virus could result in pathogenicity.

It was noted that experiments carried out by the applicant demonstrate that
transmission between young chickens does not occur. However, similar
experiments by the applicant established that the transmission from chicken
to turkey does occur. “..turkeys were reared in contact with chickens
vaccinated with an overdose of either the parental or the recombinant strain.
Examination demonstrated that both strains were transmitted to turkeys in
these conditions”. Therefore if the virus does cross to turkey then
transmission and dissemination amongst the turkey population would occur.
The applicant provides evidence that transmission between turkeys does
occur, but states, "It is likely that the spread of the recombinant strain would
be limited in turkey populations that are very frequently infected by HVT".
Since HVT is very prevalent-"prevalence in turkeys approaches 100%"” with
many carriers of the disease (nonpathogenic) (section 16 of risk assessment)
the spread of vHVTO013-69 in the environment amongst turkeys will be



complete and rapid. Furthermore, this will not be limited to turkey since HVT
infects many Galliforms and other birds (quail, pheasant, pigeon or goose).
The applicant’s results showed that both chickens and turkeys were infected
by the vaccine with a low dose injected subcutaneously. However, when the
vaccine was not injected but dispersed in the bedding/litter; chickens were
not infected whereas turkeys were partially infected by this route of
transmission. These results help explain why turkeys transmit the disease
more easily than chickens, but the lack of transmission of HVT in chickens is
at least partly dependent upon age. Studies have shown that transmission
does occur when the chickens are older than 8 weeks (Cho, 1975). The
conclusions from the applicant of lack of transmission in chickens are not
substantiated since the studies seem to be limited to chickens 28 day old.

Furthermore, although HVT is thought to only infect avian, viral members of
this family infect humans (i.e. virus from the family Herpesviridae infect
human causing human Herpes, chickenpox and mononucleosis) (Gompels et
al. 1995). There are uncertainties in extent of the current host range as well
as the future host range (the live vaccine which replicates in the host) due to
molecular evolution of viruses and viral recombination. In any case, there
seems to high probability that the live vHVTO013-69 virus will not be
contained in chicken and can escape to infect other species. These risks
depend on the consequence or detriment since the virus main remain non-
pathogenic in the new host species. The switch from pathogenic to non-
pathogenic virus is poorly understood and viruses are rapidly evolving and
there is the possibility of recombination to form new pathogenic viruses.

Viral recombination and creation of nhew viruses

Adaptation of living organisms to a changing environment through evolution
requires a compromise between genetic variation and phenotypic selection.
Viruses, and particularly RNA viruses, have a high variability that is thought
to be due to three main evolutionary forces- mutation, reassortment and
recombination (Roossinck, 1997; Domingo & Holland, 1997). Viral RNA
replication is characterized by a high mutation rate, due to the lack of
proofreading-repair of viral RNA-dependent RNA polymerases. This, in
conjunction with short replication times and a high multiplicity, leads towards
a dynamic mutant population, termed virus quasi-species that correspond to
a swarm of sequence variants (Holland & Domingo, 1998). The genetic
divergence is restricted by the necessity to maintain a functional viral RNA
genome and by environmental selective pressures. By allowing the spread of
new mutations, both reassortment and recombination increase genetic
variability and favour the creation of variant viruses that may be best
adapted to withstand future environmental selective pressure on the virus
population (Lai, 1992; Carpenter & Simon, 1996).

The risks of transgene/virus recombination can only be understood in the
context of the background level of recombination between viruses in natural



settings. However, new, successful (and more pathogenic) variants of viruses
do arise naturally by recombination (Chenault and Melcher 1994; Revers et al/
1996; Padidam et al 1999). In nature, the majority of new viruses arising as
a result of recombination is nonviable or has low fitness. Success of a given
variant depends upon the conditions and selective pressures. The most
relevant here is the chicken hosts immune response that continuously selects
viral variants for increased fitness or virulence posing risks for the
development of new viruses with the ability to introduce new diseases.

Questionable benefits

The comparisons have not be clearly made to establish any real scientific
benefits of using a GM virus as opposed the native/natural viruses: HVT +
IBD or the attenuated MDV1 + IBD. There does seem to be some negative
effect of using HVT + IBD with immunosuppressive effects and consequent
morbidity and mortality, but no data compares the two and in particular
those made with attenuated MDV1 + IBD. The comparisons of efficacy and
biosafety need to be carried out so that the benefits of using this GM live
vaccine can be weighed against the biosafety risks.

With high-intensity breeding, large-scale closed rearing of birds, and
increased global shipping of poultry, epidemic disease becomes a major
concern. The appropriateness of these high technology methods for South
Africa should also form part of the assessment since a large proportion of
agricultural practice does not raise chickens in isolated houses but may range
outdoors where there will be interactions with other avian species.
Importantly, the biosafety assessment is limited to young chickens (generally
less than 1 month old) in intensive chicken houses in other countries (not
South Africa).

In summary, adhering to the precautionary principle indicates that
there are considerable biosafety risks that have not been adequately
addressed by the applicant and therefore vHVT013-69 should not
currently be approved for general release,
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