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Introduction
In the last decade, a dangerous epizootic situation associated with 

the spread among wild migratory birds of the highly pathogenic strains 
of influenza virus has developed on the Eurasian and African continents. 
A/H5N1 highly pathogenic avian influenza viruses (HPAIVs) are 
frequent cause of outbreaks in poultry and potentially are threat to 
humans. The spread of these viruses in bird populations, the likelihood 
of reassortment with other influenza viruses of birds and mammals, 
coupled with contact virus transmission from birds to humans, as 
well as the high mortality case ratio among infected people, raised 
fears and significant concerns for global public health [1]. Although 
sustained human-to-human transmission of HPAIV has not occurred, 
there is evidence of limited person-to-person spread of infection [2]. 
Outbreaks of avian influenza in poultry raised additional concerns due 
to their detrimental effect on poultry populations, the possibility to 
cause serious disease in people, and their pandemic potential. 

One of the strategies in the field of prevention of influenza infections 
is the creation of National bank of vaccines to potentially dangerous 
viruses for use in the event of an emergency need in the interpandemic 
or pandemic period [3,4]. In the event of a pandemic threat, the use 
of live attenuated cold-adapted reassortant influenza vaccine (LAIV) 
may have an advantage over inactivated vaccines due to its ability to 

provide a broader and more long-lasting cross protective immune 
response [5]. The LAIVs have been used extensively in Russia over 40 
years to control seasonal influenza and shown to be safe, immunogenic, 
and highly protective among all populations, as well as providing a 
significant level of community-wide herd immunity [6,7].

The candidates for live attenuated influenza A vaccines in Russia 
are generated by methods of classical reassortment of epidemiologically 
relevant strains with comprehensively studied attenuated (att) 
temperature sensitive (ts), cold-adapted (ca) A/Leningrad/134/17/57 
(H2N2) master donor virus (MDV-L17). MDV-L17 was derived from 
A/Leningrad/134/57 (H2N2) (Lwt) the wild type virus-precursor as a 
result of 17 passages in eggs reduced to a 25ºC temperature. It differs 
from Lwt by eight coding mutations in internal genes. Mutations in the 
polymerase genes of MDV-L17 were found to be responsible for its att/
ts/ca phenotype. Creation of 6:2 vaccine reassortant by replacement of 
internal genes of wild-type virus with the appropriate internal genes 
of MDV is a reliable and reproducible method of attenuation of wild-
type viruses [8]. Internal viral proteins of MDV provide attenuation of 
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Abstract
In this paper we describe the development and the outcomes of the preclinical studies of temperature-sensitive 

and cold-adapted candidates for live attenuated influenza vaccine (LAIV) based on highly pathogenic avian 
influenza viruses A/H5N1 with pandemic potential. The LAIV candidates were developed by methods of classical re-
assortment between H2N2 Master Donor Virus for Russian LAIV and H5N1 viruses generated by reverse genetics 
for inactivated vaccine. These reverse genetically generated viruses were chosen as a source of H5 hemagglutinin 
and contained a modified protease cleavage site believed to be associated with high virulence. The progeny of re-
assortment had 7:1 gene composition and were characterized by antigen specificity of the HA of the pandemic virus, 
a high growth rate in chicken embryos and their parameters of temperature sensitivity and cold adaptation confirmed 
preserved attenuation of the Master Donor Virus. In addition, one H5N1 LAIV 6:2 reassortant was generated by 
reverse genetics. When tested in appropriate animal models, all candidates for H5N2 LAIV vaccine were found 
to be safe, immunogenic and effective in protecting from severe disease, mortality and pathology caused by the 
homologues lethal challenge virus and they almost completely eliminated challenge virus replication in vaccinated 
animals. They did not appear to differ in tested properties from the reverse genetically generated H5N1 LAIV 6:2 
reassortant which contained wild-type N1-neuraminidase in addition to H5-hemagglutinin. The most promising for 
further clinical trials has been considered a LAIV candidate to virus A/turkey/Turkey/1/2005 (H5N1, clade 2.2).
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vaccine reassortant ensuring its safety [9], and surface glycoproteins, 
hemagglutinin (HA) and neuraminidase (NA) of the wild type virus 
provide the targets for an adequate immune response in vaccinated host.

To reduce a risk of manipulations with HPAIVs and to lower their 
pathogenicity to chick embryos, we generated cold-adapted LAIV 
candidates on the base of reverse genetically (RG) constructed H5N1 
strains for inactivated vaccine (A/H5N1/PR8-RG), kindly provided by 
WHO (Geneva, Switzerland) and CDC (Atlanta, GA, USA). These RG-
vaccine strains are reassortants with internal proteins genes of highly 
reproductive strain A/Puerto Rico/8/34 (H1N1) (PR8) and the HA and 
NA of H5N1 HPAIV. Their safety is ensured by the fact that four basic 
amino acid codons from the cleavage site of H5 HA, responsible for 
the pathogenicity of the virus, are removed as described [10]. Creating 
candidates LAIV vaccines on the basis of such RG-modified HPAIVs 
adds non-pathogenic features to H5N1 vaccines. However, in the 
process of LAIV candidate development in eggs, we encountered the 
difficulty of natural reassortment between H5N1/PR8-based influenza 
viruses and H2N2 MDV. Our attempts to obtain 6:2 reassortants 
with HA and NA genes of avian origin by classical methods were 
unsuccessful. Finally, H5N2 reassortants with genomic composition 7:1 
were obtained, which inherited НА gene of HPAIV and the remaining 
genes (including N2 neuraminidase) of the MDV-L17. Preclinical 
studies of two 7:1 (H5N2) LAIV candidates and one RG-generated 6:2 
(H5N1) LAIV candidate are presented in this paper. 

Materials and Methods 

Viruses

MDV for Russian LAIV ca/ts A/Leningrad/134/17/57 (H2N2) 
(MDV-L17); 6:2 vaccine reassortant A/17/Vietnam/1203/04-RG 
(H5N1) (VN/H5N1-RG LAIV), are the property of the Institute of 
Experimental Medicine (Saint Petersburg, Russia). VN/PR/CDC-
RG - A/Vietnam/1203/2004 (H5N1, clade 1)-based reassortant 
was generated at and obtained from the CDC (Atlanta, GA, USA). 
NIBRG-23 - A/turkey/Turkey/1/2005 (H5N1, clade 2.2)-based 
reassortant was generated at the NIBSC (UK) and obtained via the 
WHO. RG-generated reassortants are identified in the text as H5N1/
PR8-RG, while LAIV reassortants - as H5N2 LAIV or H5 LAIV 
candidates. H5N1/PR8-RG reassortants were generated by the reverse 
genetics technique from HPAIV A/H5N1 viruses, as a source of HA 
and NA, and A/Puerto Rico/8/34 (H1N1) strain which served as a 
donor of internal genes. Cleavage site of H5 HA gene of H5N1/PR8-RG 
reassortants was modified by removal of four basic amino acid codons 
associated with high virulence. All viruses were propagated in 10-11 
day old embryonated chicken eggs. The following wild-type H5N1 
influenza viruses were used in various tests: A/Vietnam/1203/2004 
(clade 1), A/Vietnam/1194/2004 (clade 1), A/Indonesia/5/2005 (clade 
2.1), A/whooper swan/Mongolia/244/2005 (clade 2.2), A/turkey/
Turkey/01/2005 (clade 2.2), A/bar-headed goose/Mongolia/1/2005 
(clade 2.2), A/Anhui/1/2005 (clade 2.3), H1N1pdm09 viruses A/
California/07/2009, A/North Carolina/39/2009 and H1N1pdm09 
LAIV A/17/California/2009/38.

RG-generation of H5N1-LAIV reassortant

VN/H5N1-RG LAIV 6:2 reassortant was generated on the base of 
HPAIV A/Vietnam/1203/2004 (H5N1) and cold-adapted MDV-L17 
(H2N2) by plasmid-based reverse genetics. VN/H5N1-RG LAIV 
virus was rescued by co-transfecting plasmids encoding modified 
HA gene (polybasic cleavage site deleted) and intact NA gene of A/
Vietnam/1203/2004 (H5N1) with plasmids encoding six internal genes 

of MDV-L17, as described [11]. RG-derived virus was fully sequenced 
to confirm the absence of spontaneous mutations. 

Classical genetic reassortment procedure

MDV-L17 and H5N1/PR8-RG viruses were co-infected in 
embryonated chicken eggs (CE) as previously described in more 
detail [12]. Five rounds of selective propagation were performed, 
three of which were at low temperature of 25-26ºC. The production 
and selection of reassortants was carried out in the presence of rabbit 
antiserum to MDV-L17. Cloning by endpoint dilutions was performed 
in each of the last three passages.

Partial inactivation of parental virus by UV light

Before co-infection NIBRG-23 virus was partially inactivated with 
ultraviolet light (GE 15 watt germicidal lamp; 20 seconds at a distance 
of 20 cm) to lower the infectious titer by 6 log10 EID50/ml as 
described [13]. 

Determining ts/ca phenotype

Capacity of LAIV reassortants and parental viruses to grow at 
optimum for ts, ca viruses (33ºC), low (25ºC) and elevated (38ºC, 39ºC 
and 40ºC) temperatures was determined by titration in CE. The log10 
EID50/ml calculation was based on the Reed and Muench method [14]. 

Viruses were considered as possessing ts phenotype if the titer at 
temperature 38ºC and above was ≤ 4.2 log10 EID50/ml when titrated in 
10-11 day old embryonated CE. Viruses were considered as having a ca 
phenotype if the titer at low temperature of 25ºC was ≥ 5.7 log10 EID50/
ml.

Hemagglutination inhibition (HAI) test

Serum samples, RDE-treated (receptor-destroying enzyme, Denka-
Seiken, Tokyo, Japan), were tested for hemagglutination inhibition 
specific antibodies by standard procedure [15] with 1.0% suspension 
of chicken or horse erythrocytes (HRBC) (Lampire Biologicals, 
Pipersville, PA, USA). 

Genome composition analysis

RNA was isolated from influenza virus infected allantoic fluid by 
using QIAamp Viral RNA minikit (Qiagen GmbH, Hilden, Germany). 

The parental origin of the RNA segments of each reassortant virus 
was monitored by RFLP analysis [16], or determined by mixed PCR 
assay [17] and partial sequencing. 

Nucleotide sequencing

Sequencing of the viruses was performed by using a BigDye 
Terminator v3.1 cycle sequencing kit (Applied Biosystems) and a 
3130xl Genetic Analyzer (Applied Biosystems) according to the 
instructions from the manufacturer. Multiple sequence alignment 
analysis was performed using Clone Manager 9.

Susceptibility of LAIV candidates to neuraminidase inhibitors

H5N2 LAIV reassortants were tested for the susceptibility to 
neuraminidase inhibitors (NAI) by the fluorescent neuraminidase 
inhibition assay (NI), using the NA-Fluor kit (ABI), as described in 
[18]. Interpretation of the NI assay results was done according to the 
WHO WER criteria [19] based on the fold change of the test virus 
IC50 values compared to reference IC50 values. For influenza A, use of 
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normal (<10-fold increase), reduced (10-100-fold increase) and highly 
reduced (>100-fold increase) inhibition was recommended. 

Animals

Mice (Balb/c mice): Female, 6-8 weeks of age were supplied by the 
Laboratory Animal Farm “RAPPOLOVO” (Rappolovo, North–West 
region, Russia).

Guinea pigs (Cavia porcellus): 5-6 weeks of age, 350-450 g of 
weight were supplied by the Laboratory Animal Farm “RAPPOLOVO” 
(Rappolovo, North–West region, Russia).

Chickens (Gallus domesticus): Specific pathogen free (SPF) White 
Leghorn, 5 and 6 weeks of age, were supplied by the Southeast Research 
Poultry Laboratory, GA, USA. 

Ferrets (Mustela putorius furo): Female, 6-12 months of age 
were supplied by Triple–F Farms (Sayre, PA, USA) and prescreened 
to ensure that they were negative to circulating human influenza A and 
influenza B viruses, and to the virus being tested.

Acute toxicity test

The test was performed with a single vaccine candidate dose (9.7 
log10 EID50/ml) delivered intraperitoneally to mice and intradermally 
to guinea pigs. Ten mice received one human dose in 0.5 ml of 0.9% 
saline (representing approximately 2500 times greater dose than 
used in humans according to the weight difference coefficients). Ten 
guinea pigs received 10 human doses in 5 ml of saline (or 1250 times 
higher dose than used in humans according to the weight difference 
coefficients). Control mice and guinea pigs received equivalent volume 
of sterile saline. The animals were observed on a daily basis for 7 days 
for clinical signs of toxicity, behavior, food and water uptake, and any 
weight change. Brain, heart, liver, kidney and spleen were collected 
from sacrificed animals at the end of the study for histopathology 
analysis. 

Sub-acute toxicity test

Vaccine candidates (8.7 log10 EID50/ml) were administered 
intranasally daily for 2 days, to mice (0,025 ml in each nostril) or guinea 
pigs (0.25 ml in each nostril). The vaccine volume administered to 
mice was 1/10 of a typical single vaccine dose for humans (or 350 times 
higher amount according to the weight difference coefficients). The 
vaccine volume administered to guinea pigs was equivalent to a single 
human dose (or 200 times higher amount according to the weight 
difference coefficients). Overall health signs were observed and their 
body mass measured daily during the treatment and recovery period 
(12 days after the last the administration).

Safety and attenuation study in chickens

Ten 6-week-old chickens inoculated intravenously with 10-fold 
diluted infective allantoic fluid (6.7 log10 EID50/1 ml) 0.1 ml per bird, 
of H5-LAIVs or parental viruses according to IVPI (intravenous 
pathogenicity index) protocol [20]. Birds were examined at 24-
hour intervals for 10 days. The IVPI is the mean score per bird per 
observation over the 10-day period. An index of 3.00 means that all 
birds died within 24 hours, and an index of 0.00 means that no bird 
showed any clinical sign during the 10-day observation period.

Ten 5-week-old birds vaccinated intranasally (6.7 log10 EID50/1 
ml) 0.1 ml per bird of H5-LAIVs or parental viruses. Chickens were 
observed for 10 days. On the 3rd day were collected samples of oral 
and cloacal swabs, and tissues of lungs, kidney, heart and brain from 

two sacrificed birds. Swab samples or ten times diluted tissue samples 
were inoculated for viral reproduction into 10-day old CE in 0.2 ml (3 
CE per sample). Blood samples were taken on day 14 after intranasal 
administration. 

Attenuation, immunogenicity and protection study in ferrets

For attenuation study ferrets (6 animals per group) were vaccinated 
intranasally with 6.0 or 7.0 log10 EID50/per animal of each H5-LAIV 
reassortant in 0.5 ml volume. Animals were monitored daily for 
adverse events, weight loss and body temperature. Three ferrets from 
each group were euthanized on the day 3 and 5 after inoculation for 
lung viral titer determination and histopathological analysis. HPAIVs 
A/Vietnam/1194/2004 (H5N1), A/turkey/Turkey/1/2005 (H5N1) 
were used as pathogenic controls and LAIV A/17/California/2009/38 
(H1N1) - as attenuated positive control in a dose of 7.0 log10EID50. 
Negative control animals received equal volume of sterile saline 
solution as placebo. 

For immunogenicity and protection study groups of animals (6 per 
group) were intranasally immunized with two doses of 7.0 log10EID50 
in 0.5 ml volume H5-LAIV candidates 28 days apart. Blood samples 
were collected from anesthetized ferrets at day 28 (week 4) and at day 
42 (week 6) post immunization. Samples were tested in HAI test with 
homologous and heterologous virus antigens. At day 42 ferrets were 
challenged with 6 log10 PFU (plaque forming units) of the HPAIV A/
turkey/Turkey/01/2005 (H5N1) or A/turkey/Turkey/01/2005 (H5N1) 
in each nostril for a total infection volume of 0.5 ml. Control animals 
received equal volume of placebo. Ferrets were monitored daily for 
weight loss, disease signs and death for 14 days after the challenge 
as previously described [21]. Nasal washes were performed daily for 
14 days. Three animals from each group were euthanized on day 3 
post-infection and remaining animals that survived the challenge 
were sacrificed on day 14 post-infection. Samples of lungs and nasal 
turbinates were weighed and single cell suspensions were prepared 
via passage through a 70 µm mesh (BD Falcon, Bedford, MA, USA) 
in an appropriate volume of iDMEM (DMEM supplemented with 
penicillin-streptomycin) as to achieve 100 mg/ml final concentration. 
Centrifuged supernatants of cell suspensions were collected. 

Virus titers in lungs, nasal turbinates, and nasal wash samples were 
determined by plaque assay, as described [22,23] and PFU/g for lung 
and nasal turbinates tissues or PFU/ml for nasal washes calculated.

Histopathology analysis: Left lobes of lungs from infected 
ferrets were collected at 3 and 14 days post-infection with HPAIV 
H5N1 challenge virus. After fixation in 10% buffered formalin, 
lungs were paraffin embedded and 6 µm sections were prepared 
for histopathological analysis. Tissue sections were stained with 
hematoxylin and eosin.

Results

Development of reassortants for LAIVs

As a result of classical reassortment of MDV-L17 with VN/PR/
CDC-RG six PR8- originating internal genes (PB2, PB1, PA, NP, M 
and NS) were replaced by the corresponding genes of the MDV-L17. 
Despite several selection rounds, all the resulting reassortants inherited 
neuraminidase gene (N2) of MDV (genomic composition 7:1). 
Reassortants with genomic composition 6:2 have not been obtained. 
7:1 reassortant A/17/Vietnam/04/65107 (H5N2) (VN/H5N2 LAIV) 
was chosen as one LAIV candidate for further studies.
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The other PR8-based H5N1 virus, NIBRG-23 poorly reassorted 
with MDV-L17 (H2N2) based on the classical reassortmen procedure. 
Despite the selectivity factor (incubation temperature reduced to 
25°C which is favorable for breeding reassortants on the basis of ca 
MDV-L17), the parental virus NIBRG-23 fully displaced MDV-L17 
during reassortment procedure and the overwhelming majority (209 of 
the 234) of finaly selected clones were NIBRG-23, 9 clones inherited a 
single PA gene of the MDV, 3 clones had a single NS gene of the MDV, 
and 13 clones were identical to the MDV-L17 (data not shown). 

In order to create reassortants inheriting internal genes of the MDV 
and surface genes of the HPAIV, various modifications of co-infection 
stage were applied. Thus, we tested different ratios of parental viruses 
NIBRG-23 and MDV-L17 (from 1:1 to 1:106), different sequence of the 
parental virus infection of eggs (simultaniously, or MDV inoculation 
30 min prior to NIBRG-23), application of various concentrations 
of antiserum to the MDV-L17, and adding extra amounts of the 

antiserum to PR8 virus. These manipulations did not lead to expected 
results. However, we had moderate success with NIBRG-23 virus 
partially inactivated by ultraviolet (UV) light to a residual titer 2.2 log10 
EID50/ml (6 log10EID50 reduction of titer). As a result of reassortment 
between the MDV and partially UV-inactivated NIBRG-23 at a ratio 
of 100:1, we isolated several “intermediate” reassortants (C2, C4, D1), 
that have inherited a number of internal genes of MDV-L17 (Table 1). 
Finally, back crossing of clones C2, C4 and D1 and MDV-L17 led to 
the obtaining reassortants with the genomic composition 7:1, which 
inherited all internal genes and the gene for NA from the MDV-L17. 
This 7:1 reassortant A/17/turkey/Turkey/05/133 (H5N2) (t/T/H5N2 
LAIV) was chosen as another LAIV candidate for testing.

Molecular genetic analysis of the LAIV candidates

H5N2 LAIV candidates were fully sequenced. Checking the internal 
genes of reassortants for identity to parental viruses confirmed that the 

Parental virus/
reassortant PB2 PB1 PA HA NP NA M NS

L17-MDV L171 L17 L17 L17 L17 L17 L17 L17 
NIBRG-23 PR82 PR8 PR8 Tur-r3 PR8 Tur4 PR8 PR8

First step. Crossing NIBRG-23, UV-inactivated, and L17-MDV
Clone  B3 PR8 PR8 L17 Tur-r PR8 Tur PR8 PR8
Clone  C2 PR8 L17 L17 Tur-r PR8 Tur PR8 PR8
Clone  C4 L17 L17 L17 Tur-r PR8 L17 PR8 L17 
Clone  D1 PR8 L17 L17 Tur-r PR8 Tur L17 PR8

Second step. Back crossing of clones from the “First step” with L17-MDV
Clone  C2/35 L17 L17 L17 Tur-r L17 L17 L17 L17 
Clone  C4/88 L17 L17 L17 Tur-r L17 L17 L17 L17 
Clone  D1/32 L17 L17 L17 Tur-r L17 L17 L17 L17 
Clone  D1/33 L17 L17 L17 Tur-r L17 L17 L17 L17 

The origin of the genes encoding the corresponding proteins of the virus:
1L17 or L17-MDV corresponds to A/Leningrad/134/17/57 MDV (H2N2); 
2A/Puerto Rico/8/34 (H1N1); 
3RG-modified HA of non-pathogenic NIBRG-23 (H5N1); 
4NA of non-pathogenic NIBRG-23 (H5N1) identical to A/turkey/Turkey/1/2005 (H5N1). 

Table 1: Generation of reassortants between NIBRG-23(H5N1) and L17-MDV(H2N2).

Gene
Nucleotide

Protein
Amino acid

No. Lwt1 L17-MDV2 VN/H5N1-
RG LAIV3

VN/H5N2 
LAIV

t/T/H5N2 
LAIV No. Lwt L17-MDV VN/H5N1-

RG LAIV
VN/H5N2 

LAIV
t/T/H5N2 

LAIV
PB2 1459 G T T T T PB2 478 Val Leu Leu Leu Leu

PB1

360 G A A A A

PB1

112 Glu Glu Glu Glu Glu
819 G T T T T 265 Lys Asn Asn Asn Asn
1795 G A A A A 591 Val Ile Ile Ile Ile
1011* A A A G A 329* Gln Gln Gln Gln Gln

PA
107 T C C C C

PA
28 Leu Pro Pro Pro Pro

222 T C C C C 66 Asp Asp Asp Asp Asp
1045 G T T T T 341 Val Leu Leu Leu Leu

NA
765* G G G T T

NA
249 Arg Arg Arg Ile Ile

1116 T C C C C 366 Ile Thr Thr Thr Thr

M
68 A G G G G

M1
15 Ile Val Val Val Val

457 T G G G G 144 Phe Leu Leu Leu Leu
NS 798 G A A A A NS2 100 Met Ile Ile Ile Ile

HA
50* - - T C -

HA
8 - - Phe Leu -

417* - - T C - 130 - - Ile Thr -

Symbols are used here and in the following Tables and Figures: 1Lwt corresponds to A/Leningrad/134/57 (H2N2) wild-type virus, a precursor of A/Leningrad/134/17/57 
(H2N2) MDV; 2L17-MDV corresponds to A/Leningrad/134/17/57 (H2N2) MDV; 
3VN/H5N1-RG LAIV corresponds to A/17/Vietnam/1203/04-RG (H5N1) LAIV candidate;
4VN/H5N2 LAIV corresponds to A/17/Vietnam/04/65107 (H5N2) LAIV candidate;
5t/T/H5N2 LAIV corresponds to A/17/turkey/Turkey/05/133 (H5N2) LAIV candidate.
*additional mutations of H5N2 LAIV candidates

Table 2: Nucleotide and amino acid differences between A/Leningrad/134/57(H2N2) wild–type virus, A/Leningrad/134/17/57(H2N2) MDV, and H5-LAIV candidates.
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VN/H5N2 LAIV- and t/T/H5N2 LAIV-candidates inherited all the 
genes of internal and non-structural proteins of MDV-L17. All coding 
nucleotide substitutions characterized for ca, ts MDV-L17 (Table 2), 
are present in the genes of internal and non-structural proteins of 
H5N2 LAIV-candidates. 

The sequencing of HA gene confirmed the absence of a factor of 
pathogenicity - four basic amino acids codons in the proteolytic cleavage 
site of the HA molecule (data not shown), thereby bringing additional 
confidence in attenuated properties to the LAIV reassortants. The NA 
gene sequencing confirmed the origin of the NA gene of reassortants 
VN/H5N2 LAIV and t/T/H5N2 LAIV to the parental MDV-L17. 

A small number of additional nucleotide changes were acquired 
during the reassortment procedures. VN/H5N2 LAIV acquired 4 
additional mutations in PB1 (1), HA (2) and NA (1) genes, while t/T/
H5N2 LAIV acquired a single additional mutation in NA gene (Table 
2). Therefore, a nucleotide substitution at position G-765-T of NA gene, 
corresponding to an amino acid substitution at position Arg-249-Ile, is 
common for both chosen LAIV candidates reassortants. This mutation 
should not have any significant effect on the antigenic and essential for 
the vaccine virus’s functional properties [24]. The mutation in PB1 gene 
position 1011 of VN/H5N2 LAIV is not coding, whereas mutations 
in HA gene led to amino acid changes. T-50-C mutation in HA gene 
leads to amino acid substitution in HA0 precursor, but this mutation 
is located in a signal peptide which is removed during HA molecule 
processing. The T-417-C mutation leads to amino acid change in HA1 
molecule (Ile-114-Thr). This mutation is located far from key residues 
which could potentially affect receptor-binding affinity and specificity 
of the virus [25,26] and can be considered as not significant. 

Therefore, full-genome sequencing of both 7:1 vaccine reassortants 
did not reveal significant changes which can alter anticipated virus 
immunogenic properties.

The 6:2 reassortant VN/H5N1-RG LAIV virus was fully sequenced 

and the absence of any unwanted spontaneous mutations and 
quasispecies was confirmed.

Genetic stability of H5 LAIV candidates

Five serial passages of the LAIV reassortants at 33°C in eggs 
were performed to assess their genetic stability. It was confirmed by 
RFLP analysis and partial sequencing of the genes fragments that all 
nucleotide substitutions responsible for MDV-L17 (H2N2) attenuating 
phenotype [9,27] are preserved in the genome of VN/H5N2 LAIV, 
VN/H5N1-RG LAIV and t/T/H5N2 LAIV candidates after passages at 
optimal temperature (Table 3).

Phenotypical study of H5 LAIV candidates in vivo

The results of titration of LAIV reassortants and parental viruses 
in CE at different temperatures are presented in Table 4. It was 
demonstrated that 7:1 H5N2 LAIV as well as 6:2 VN/H5N1-RG LAIV 
reassortants exhibit high growth rate at the temperature of 33°C 
which is optimal for ca, ts MDV-L17. The optimum temperatures 
for the parental avian influenza viruses growth cover the wide range 
(33-38°C), whereas reproduction of all LAIV reassortants and MDV 
already at 37°C is reduced by more than 4 log10 EID50 (confirming 
ts-phenotype). Like MDV-L17, H5 LAIV reassortants grew well at a 
reduced temperature of 25°C (demonstrating ca-phenotype). On the 
contrary, H5N1 wild-type parents were characterized by decreased 
reproduction at 25°C. These data indicate that VN/H5N2 LAIV and 
t/T/H5N2 LAIV candidates with 7:1 genomic composition and the 
6:2 reassortant VN/H5N2-RG LAIV have the same ca/ts phenotype 
specific to the cold-adapted parental MDV-L17. 

Assessment of susceptibilities to neuraminidase inhibitors of 
H5 LAIVs candidates

Sequence analysis of the NA gene revealed no known molecular 
markers associated with reduced susceptibility to NAIs [24]. To rule 

Gene Nucleotide Amino acid 
position

Amino acid substitutions in the internal genes of the virus

Lwt1 L17-MDV 
LAIV candidate (# of passage)

VN/H5N2 (0) VN/H5N2 (5) t/T/H5N2 (0) t/T/H5N2 (5) VN/H5N1-RG (0) VN/H5N1-RG ( 5)
PB2 1459 478 Val Leu Leu Leu Leu Leu Leu Leu
PB1 819 265 Lys Asn Asn Asn Asn Asn Asn Asn

1795 591 Val Ile Ile Ile Ile Ile Ile Ile
PA 107 28 Leu Pro Pro Pro Pro Pro Pro Pro

1045 341 Val Leu Leu Leu Leu Leu Leu Leu
NP NP gene of Len17-MDV(H2N2) does not contain coding mutations

M1
68 15 Ile Val Val Val Val Val Val Val
457 144 Phe Leu Leu Leu Leu Leu Leu Leu

NS2 798 100 Met Ile Ile Ile Ile Ile Ile Ile

Table 3:  Genetic stability of coding mutations in the internal genes of H5-LAIV candidates after the 5-fold passages in the developing chick embryos at 32ºC.

Virus Virus titer  at 33°С,
log10 EID50/ml

RCT1

Phenotype
33/37°C 33/38°C 33/39°C 33/40°C 33/25°C

L17-MDV (Н2N2) 9.2 5.0 6.0 7.0 7.5 2.5 ts, ca
NIBRG–23 (H5N1) 6.2 0 0 4,7 6.2 4.0 non–ts, non–ca

VN/PR/CDC-RG (H5N1) 7.7 1.0 1.0 7.7 7.7 4.0 non-ts, non-ca
t/T/H5N2 LAIV 8.7 4.5 5.7 8.7 8.7 1.5 ts, ca
VN/H5N2 LAIV 9.2 5.0 7.0 9.2 9.2 1.5 ts, ca

VN/H5N1-RG LAIV 8.7 4.2 6.2 8.7 8.7 1.5 ts, ca
1Reproductive capacity of influenza viruses at different temperatures - (ts and ca phenotype) was assessed by titration in eggs at the permissive (33°С), elevated (38, 39, 
40°С) and low (25°С) temperatures of incubation and expressed as RCT25,38, 39 or 40= log10 EID50/ml at 33°С – log10 EID50/ml at 25, 38, 39 or 40°С. Eggs were incubated for 2 
days at 33, 38, 39 and 40°C and for 6 days at 25°C.  

Table 4: Reproductive capacity of reassortant H5N2 LAIV candidates and parental viruses at different temperatures of incubation in embryonated chicken eggs.



Citation: Larionova N, Kiseleva I, Isakova-Sivak I, Rekstin A, Dubrovina I, et al. (2013) Live Attenuated Influenza Vaccines against Highly Pathogenic 
H5N1avian Influenza: Development and Preclinical Characterization. J Vaccines Vaccin 4: 208. doi: 10.4172/2157-7560.1000208

Page 6 of 11

Volume 4 • Issue 8 • 1000208
J Vaccines Vaccin
ISSN: 2157-7560 JVV an open access journal

out a possibility of the Arg-249-Ile mutation to cause the reduced 
susceptibility, the H5N2 LAIV candidates were tested using the 
fluorescent NI assay as described in [18]. The results of the NI assay 
showed the normal inhibition of the NA enzyme activity by the four 
NAIs tested: zanamivir, oseltamivir, peramivir and laninamivir in 
accordance with the WHO AVWG criteria (Table 5). 

Preclinical evaluation of H5-LAIVs in vivo

Live monovalent experimental influenza vaccines A/17/turkey/
Turkey/05/133 (H5N2), A/17/Vietnam/04/65107 (H5N2) and A/17/
Vietnam/1203/04-RG (H5N1) were manufactured and released by 
Pharmaceutical company “Microgen” (Irkutsk, Russia). Preclinical 
studies of experimental H5-LAIVs (designations for experimental 
vaccines are the same as for vaccine reassortants: t/T/H5N2 LAIV, VN/
H5N2 LAIV and VN/H5N1-RG LAIV respectively) were performed 
using various animal models.

Toxicology studies of H5-LAIV in rodents

These tests were performed for one of the experimental vaccines 
t/T/H5N2 LAIV.

Acute toxicity test in mice and guinea pigs: Single dose 
administration of t/T/H5N2 LAIV in volume maximal for injection did 
not cause death, change of behavior, and had no significant effect on the 
animal’s body weight. The kinetics of weight change was similar to one 
of control non-vaccinated group (Figure 1). The vaccine preparation 
was found to be well tolerated, and successfully passed limited acute 
toxicity test in rodents.

Histopathology study in mice: The results of histopathology 
study reveal that inoculation of H5N2 LAIV in mice, in volume 

maximal for injection, did not cause any inflammation, destructive 
or dystrophic changes in systemic organs - liver, kidney, spleen, or 
heart and no dystrophic changes of neurons were observed in brain. 
The histopathology picture of samples of organs in vaccine groups 
was similar to that obtained from control group (data not shown). 
Administration of H5 LAIV vaccine candidates did not cause gross 
morphological changes, suggesting positive safety profile of H5N2 
LAIV.

Sub-acute toxicity study of t/T/H5N2 LAIV in mice and guinea 
pigs: Two intranasal inoculations of t/T/H5N2 LAIV did not change 
the external appearance and behavior of mice and guinea pigs and did 
not affect their consumption of food or water. Dynamics of changes in 
body weight of animals inoculated with vaccine at doses 200-350 times 
the human dose did not significantly differ from the control group. We 
did not find any significant differences in body weight gain in mice 
and guinea pigs of experimental and placebo treatment groups during 
the recovery period (Figure 2). These data indicate the absence of the 
vaccine toxic effects.

Safety and attenuation of H5-LAIV candidates in chickens

The intravenous pathogenicity index of tested viruses VN/H5N2 
LAIV, t/T/H5N2 LAIV and VN/H5N1-RG LAIV in chicken was 0.00. 
It means that no birds showed any clinical signs or died during the 
10-day observation period after intravenous vaccine injection. On the 
third day after intranasal administration at a dose of 6.0 log10EID50/0.1 
ml cold adapted H5-LAIV reassortants were not isolated from swabs 
of the upper respiratory tract and of the cloaca, there was no virus 
isolation from lungs, kidneys, heart and brain tissues. Cold adapted 
H5-LAIV reassortants were completely attenuated for chickens: 
they were unable to replicate productively in birds and released to 

Virus
NA Inhibitor, IC50 (nM)1

Zanamivir Fold2 Oseltamivir Fold Peramivir Fold Laninamivir Fold
t/T/H5N2 LAIV 0.71 4 0.15 1 0.18 4 1.06 7
VN/H5N2 LAIV 0.59 3 0.15 1 0.19 4 1.23 8

VN/H5N1-RG LAIV 0.28 1 0.07 0 0.14 3 0.16 1
A/California/07/2009(H1N1)pdm093 0.19 1 0.24 1 0.05 1 0.16 1

A/NorthCarolina/39/2009(H1N1)pdm094 0.22 1 176.73 736 20.47 409 0.27 1
1IC50-drug concentration inhibiting the viral neuraminidase enzyme activity by 50%; values are averages of all test results. 
2Fold-difference compared to the IC50 of the reference sensitive virus; 
3Reference oseltamivir-sensitive virus; A/California/07/2009 (H1N1) pdm09;
4Reference oseltamivir-resistant virus A/North Carolina/39/2009 A (H1N1)pdm09, H275Y. 

Table 5: Assessment of influenza virus susceptibility to neuraminidase inhibitors in the fluorescent neuraminidase inhibition assay.

100.00

101.00

102.00

103.00

104.00

105.00

106.00

107.00

108.00

0 1 2 3 4 5 6 7

Pe
rc

en
t O

rig
in

al
 W

ei
gh

t

Day post-infection

a)

Placebo (PBS)

t/T/H5N2LAIV

100.00

101.00

102.00

103.00

104.00

105.00

106.00

107.00

108.00

0 1 2 3 4 5 6 7

Pe
rc

en
t O

rig
in

al
 W

ei
gh

t

Day post-infection

b)

Placebo (PBS)

t/T/H5N2LAIV

Figure 1: Body weight change of (a) mice after 0.5 ml intraperitoneal injection and (b) guinea pigs after 5 ml intradermal injection of t/T/H5N2 LAIV (9.7 log10 
EID50/ml); percentage of day of injection.
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the environment. Microscopic examination of tissues collected from 
intranasally inoculated chickens revealed no lesions in any evaluated 
birds (two per group of tested virus), and viral antigen staining was 
not present in any of the tissue examined (Table 6). None of birds 
presented antibodies detectable by avian influenza specific ELISA on 
day 14 after intranasal administration. 

Safety and attenuation study of H5-LAIV candidates in ferrets

Groups of ferrets were inoculated with a single dose of each H5-

LAIVs reassortant, with H5N1 HPAIVs and H1N1 LAIV as non-att 
wild-type and att controls correspondently, or with placebo. No virus 
was found in the lung and nasal turbinate samples collected from ferrets 
that received H5-LAIVs reassortants or A/17/California/2009/38 
(H1N1) attenuated control virus, while virus production was 
detected in tested samples obtained from ferrets on day 3 and 5 post-
inoculation with wild-type non-attenuated control viruses (Table 7). 
Gross pathology of the lung tissue of LAIVs-inoculated ferrets showed 
minor cell infiltration and some necrosis, but no clinical signs of illness 
including weight loss (Figure 3), fever (Figure 4), dehydration, diarrhea, 
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Figure 2: Body weight change of (a) mice and (b) guinea pigs after intranasal inoculation of t/T/H5N2 LAIV (8.7 log10 EID50); percentage of day of administration.

Virus Morbidity Mortality ELISA
Virus isolation, ID50/ml3 (10 

birds per group) Virus isolation, EID50/gram4 (2 birds per group)

Oral Cloacal Brain Heart Lung Kidney
VN/H5N2 LAIV 0/101 0/101 0/82 ≤ 100.9 ≤ 100.9 ≤ 101.9 ≤ 101.9 ≤ 101.9 ≤ 101.9

VN/H5N1-RG LAIV  0/10  0/10  0/8 ≤ 100.9 ≤ 100.9 ≤ 101.9 ≤ 101.9 ≤ 101.9 ≤ 101.9

t/T/H5N2 LAIV  0/10  0/10  0/8 ≤ 100.9 ≤ 100.9 ≤ 101.9 ≤ 101.9 ≤ 101.9 ≤ 101.9

1The number of affected birds/in group of 10; 
2the number of birds with detection of avian influenza virus specific antibodies/in group of 8; 
3the minimum amount detected by the technique is 100.97 EID50/ml; the titer of negative samples is considered to be ≤ 100.9 EID50/ ml;
4the minimum amount detected by the technique is 101.97 EID50’s/gram of tissue; the titer of negative samples is considered to be ≤ 101.9 EID50’s/gram of tissue. 
All the tissues were prepared as a 10% weight/volume suspension.

Table 6: Attenuated phenotype of H5-LAIV candidates in experiments on chickens, the third day after intranasal administration.

Virus Virus dose, log10 
EID50/ferret Day p.i. Virus load (log10 PFU/g) Lung lesions score: individual (average)Lung Nose

VN/H5N2 LAIV
6.0

3 0 0 0; 1; 0       (0.3)
5 0 0 2; 2; 2       (2.0)

7.0
3 0 0 0; 0; 0         (0)
5 0 0 3; 2; 3       (2.7)

VN/H5N1-RG LAIV
6.0

3 0 0 0; 0; 0         (0)
5 0 0 0; 0; 2       (0.7)

7.0
3 0 0 0; 0; 2       (0.7)
5 0 0 0; 0; 2       (0.7)     

t/T/H5N2 LAIV
6.0

3 0 0 2; 0; 0       (0.7)
5 0 0 0; 0; 0         (0)

7.0
3 0 0 0; 2; 2       (1.3)
5 0 0 0; 0; 2       (0.7)

A/turkey/Turkey/1/2005 (H5N1) HPAIV 7.0
3 4.15 4.24 5; 5; 5       (5.0)
5 3.89 4.17 5; 5; 5       (5.0)

A/Vietnam/1194/2004 (H5N1) HPAIV 7.0
3 4.36 4.20 5; 5; 5       (5.0)
5 4.25 3.89 5; 5; 5       (5.0)

A/17/California/2009/38 (H1N1) LAIV 7.0
3 0 0 0; 0; 0         (0)
5 0 0 0; 0; 0         (0)

Placebo (PBS) NO
3 0 0 0; 0; 0         (0)
5 0 0 0; 0; 0         (0)

Virus load was determined in tested samples by plaque titration in MDCK cells. Three animals in each group were tested. Histopathological parameters were scored as: 
0 – absent (no visible changes), 1 – minimal, 2 – slight, 3 – moderate, 4 – strong, 5 – severe. 

Table 7: Attenuated phenotype of H5-LAIV candidates in experiments on ferrets after intranasal administration.
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or dyspnea, whereas HPAIVs infected ferrets displayed complete lungs 
infiltration and necrosis of all lobes, fever and significant weight loss. 

Immunogenicity and protection study of H5-LAIV candidates 
in ferrets

Groups of animals were immunized with two doses of 7.0 log10 
EID50 H5 LAIV candidates 28 days apart, challenged with a lethal dose 
of H5N1 HPAIV two weeks later, and sacrificed on day 3 or 14 post-
challenge. Control immunized or non immunized animals received 
placebo.

In all cases H5 LAIVs elicited homologous HAI titers in 
vaccinated ferrets, which level significantly increased by following 
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Figure 3: Body weight change among studied groups* of vaccinated ferrets; 
percentage of day of administration.
 *6 animals in group were intranasally inoculated with7.0 log10EID50 of: 
1 - VN/H5N1-RG LAIV;
2 - VN/H5N2 LAIV;
 3 - t/T/ H5N2 LAIV;
4 - H5N1 A/Vietnam/1194/2004;
5 - H5N1 A/turkey/Turkey/1/2005;
6 - H1N1 A/California/2009/38 LAIV;
7 - Placebo (PBS).
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Figure 4: Body temperature change among studied groups of vaccinated 
ferrets; difference from baseline.
*6 animals in group were intranasally inoculated with7.0 log10EID50 of: 
1 - VN/H5N1-RG LAIV;
2 - VN/H5N2 LAIV;
 3 - t/T/ H5N2 LAIV;
4 - H5N1 A/Vietnam/1194/2004;
5 - H5N1 A/turkey/Turkey/1/2005;
6 - H1N1 A/California/2009/38 LAIV;
7 - Placebo (PBS).

booster immunization (Table 8). Although the absolute rise of the 
homologous antibody titers in ferrets immunized with t/T/H5N2 LAIV 
was lower (antibodies GMT between week 4/week 6 was 12.6/127.0 
respectively) than an immune response to the heterologous antigen 
A/Vietnam/1203/04 (clade 1) (antibodies GMT between week 4/
week 6 was 127.0/508.0 respectively), the degree of growth in serum 
antibody titer to the homologous virus A/turkey/Turkey/01/2005 was 
significantly higher after revaccination (10.1 versus 4.0). It is notable 
that 7:1 VN/H5N2 LAIV and 6:2 VN/H5N1-RG LAIV showed virtually 
identical immunogenicity. H5N2 LAIV vaccine candidate based on A/
turkey/Turkey/01/2005 (H5N1) (clade 2.2) strain induced broader 
immunity based on cross-reactive HAI titers against earlier varieties 
of H5N1 virus such as viruses of clades 1, 2.1 and other representatives 
of clade 2.2 virus. 

All tested H5 LAIV candidates protected ferrets from challenge 
with H5N1 HPAI viruses, in contrast with placebo-vaccinated 
animals. After challenge with lethal viruses, placebo-vaccinated 
controls displayed signs of neurological dysfunction, showed severe 
symptoms of infection including virus shedding, significant weight 
loss (approximately ≥ 20% of their original body weight) (Figure 5), 
temperature elevation - maximum temperature increase compared 
to average baseline temperature was 1.5°C to 2°C (Figure 6), caused 
severe macroscopy lung lesions etc. No virus was detected in the lungs 
of vaccinated ferrets on day 3 post-challenge, while wild-type H5N1 
viruses were detectable in the lungs after challenge of placebo treated 
group (Table 9). No lung pathogenesis was detectable in the tested 
tissues on day 14 post-challenge in vaccinated groups. Challenge viruses 
were fatal for placebo-vaccinated ferrets on day 6 or 7. In contrast, 
ferrets vaccinated with LAIVs did not exhibit overt clinical signs of 
infection and survived the full experimental period. Vaccinated groups 
didn’t show any significant loss of weight after the challenge (Figure 5). 
All vaccinated animals didn’t shed challenge virus or shed it in low titers. 

Discussion 
Classical reassortment of the MDV-Len17 with NIBRG–23 and 

VN-PR/CDC-RG (H5N1) resulted in the H5N2 viruses that contained 
six internal genes of MDV. However, the generated reassortants also 
inherited the NA gene segment from the MDV (reassortant genotype 7:1). 

The problem in obtaining the desired 6:2 genomic composition 
may be a result of co-infection of avian and human viruses. In some 
cases avian-human 6:2 reassortants were difficult to generate despite 
repeated attempts [28]. The functional incompatibilities between the 
viral proteins or RNA segments of two differing strains may lead to 
the segments mismatch that limits the reassortment efficiency [29-31]. 
Another group of authors [32] faced a similar problem when trying 
to create 6:2 reassortants based on the same parental viruses - VN/
PR/CDC-RG (H5N1) and MDV-Len17 (H2N2). The result of their 
attempts also was the reassortant with genome formula 7:1. One of 
the possible reasons for the complexity of inheritance of avian virus 
origin NA in avian (avian/PR reassortants in our study) and attenuated 
human viruses reassortment may be associated with higher temperature 
optimum of avian influenza virus polymerases. At the same time no 
difficulties arisen in the generation of 6:2 VN-PR/CDC-RG (H5N1) 
reassortant by reverse genetic. 

However, in the case of generating a LAIV vaccine candidate for 
protecting humans against HPAIV, reassortants carrying the HA gene 
of pathogenic H5-virus and other genes from an attenuated MDV can 
be the better choice as they could provide extra level of safety for the 
LAIV candidate. The HA of H5N2 LAIV reassortants is modified for 
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Test article Week post 
vaccination

H5N1 antigen for HAI test (GMT1)

Vietnam2 (clade 1) Indonesia3

(clade 2.1) Turkey4 (clade 2.2) Bar-h goose5 

(clade 2.2)
W.swan6 

(clade 2.2) Anhui7 (clade 2.3)

VN/H5N2 LAIV 
(clade 1)

0 10.0 10.0 10.0 10.0 10.0 10.0
4 40.0 11.2 10.0 10.0 14.1 10.0
6 403.1 10.0 20.0 20.0 31.8 17.8

6/4 10.18 1.2 2.0 2.0 2.3 1.8

VN/H5N1-RG LAIV 
(clade 1)

0 10.0 10.0 10.0 10.0 10.0 10.0
4 50.4 11.2 10.0 10.0 22.5 10.0
6 285.1 35.6 14.1 14.1 127.0 17.8

6/4 5.7 3.2 1.4 1.4 5.6 1.8

t/T/H5N2 LAIV 
(clade 2.2)

0 10.0 10.0 10.0 10.0 10.0 10.0
4 127.0 10.0 12.6 14.1 10.0 10.0
6 508.0 44.9 127.0 113.1 40.0 22.5

6/4 4.01 4.5 10.1 8.0 4.0 2.3

PBS

0 10.0 10.0 10.0 10.0 10.0 10.0
4 10.0 10.0 10.0 10.0 10.0 10.0
6 10.0 10.0 10.0 10.0 10.0 10.0

6/4 1.0 1.0 1.0 1.0 1.0 1.0

Vaccination dose: 7.0 log10 ID50/ferret. Blood samples were collected at day 28 (week 4) and at day 42 (week 6) post immunization. 
1Geometric mean titer; each group contained six animals; 2A/Vietnam/1203/04 (H5N1); 3A/Indonesia/5/05 (H5N1); 4A/turkey/Turkey/1/05 (H5N1); 5A/bar-headed goose/
Mongolia/1/2005 (H5N1); 6A/whooper swan/Mongolia/244/05 (H5N1); 7A/Anhui/1/05 (H5N1). 8A fourfold or greater rise in titer of antibodies against virus hemagglutinin in 
sera of ferrets between the first (week 4) and second sample (week 6) was considered as seroconversion. 

Table 8: Immunogenicity of H5N2 LAIV candidates in experiments on ferrets.

reduced virulence, but it has been observed that avian influenza NA 
may also be involved in the manifestation of the pathogenic properties 
of the virus in human cells [33]. The presence of NA of cold-adapted 
MDV, together with genetically modified H5-HA may provide an 
extra layer of safety for attenuation of H5N2 LAIV candidate against 
highly pathogenic avian influenza virus of H5N1subtype. As for the 
immune response, antibodies to the influenza virus HA are known 
to be the main component of the protection against human [34] and 
avian influenza viruses [35]. Thus the evaluation of the individual 
contributions of each of the surface proteins to the induction of HPAIV-
neutralizing serum antibodies and protective immunity showed that 
immunization of chickens with Newcastle disease virus expressing H5 
hemagglutinin of avian influenza virus single or in combination with 
avian N1 neuraminidase caused in both cases 100% protection from 
challenge infection with H5N1 HPAIVs. The avian NA in the vaccine 
preparation did not improve protection generated by antibodies to H5 
HA. Immunity to NA extended survival but did not prevent death from 
HPAIV challenge [36]. 

Attenuated phenotype of H5N2 LAIV candidates is critically 
important for eventual testing them in human trials and our study 
confirmed it by virological, molecular genetics methods and in 
the experiments on the laboratory animals. Virological analysis of 

the properties of the vaccine candidates confirmed their ts and ca 
phenotype. Nucleotide composition analysis of the reassortants 
genome confirmed the stability of all attenuating mutations typical 
for MDV-Len17. Two additional mutations that appeared in the HA 
gene of VN/H5N2 LAIV are located in areas that should not affect the 
antigenic sites, and do not change the antigenic properties of the virus. 
The same amino acid change in NA of both H5N2 LAIV reassortants 
might be explained by the possible presence of a minor population 
with this mutation in original MDV-L17 stock, or this mutation may 
be required for compatibility of NA with the heterologous HA protein. 
Despite the fact that the amino acid change in NA common for both 
H5N2 LAIV reassortants does not affect any significant structural and 
enzymatic domains of the neuraminidase molecule, does not influence 
on specific to MDV-L17 high growth rate of 7:1 reassortants at optimal 
temperature, we found it desirable to check reassortants with mutant 
NA for their sensitivity to neuraminidase inhibitors. The results of the 
NI assay showed unchanged inhibition of the NA enzyme activity by 
the four NAIs tested. Therefore, the genotypic and phenotypic data 
were consistent with the drug sensitive phenotype of the reassortants 
made on the backbone of MDV-L17: 6:2 with NA of HPAIV or 7:1 with 
mutant NA of MDV-L17.

The results of experiments in mice, guinea pigs, chickens and 

LAIV immunization, 
(7 log10EID50/ferret)/

Placebo control

H5N1 HPAIV challenge virus/PBS load1

A/Vietnam/1194/2004 A/turkey/Turkey/1/2005 PBS
Placebo 
control Nose (D3) Nasal wash 

(D3/D5) Lungs (D3) Nose (D3) Nasal wash 
(D3/D5) Lungs (D3) Nose (D3) Nasal wash 

(D3/D5)
VN/H5N2 LAIV 0 1.40 2.80 / 0 nd nd nd 0 0 0

VN/H5N1-RG LAIV 0 1.52 2.88 / 0 nd nd nd 0 0 0
t/T/H5N2 LAIV nd2 nd nd 0 1.45 2.23 / 0 0 0 0
Placebo (PBS) 4.86 5.10 5.96 / 4.84 4.82 4.96 5.80 / 4.53 0 0 0

1Virus load expressed in log10 PFU/g for lung and nasal turbinates supernatants or log10 PFU/ml for nasal washes; 
2nd - not done, challenge with heterogeneous H5N1-HPAIV was not performed;
3D3, D5 - day post-infection with challenged H5N1-HPAIV or placebo inoculation.  

Table 9: Virus isolation from respiratory tract of ferrets immunized with H5-LAIV candidates after challenge with H5N1 HPAIV.



Citation: Larionova N, Kiseleva I, Isakova-Sivak I, Rekstin A, Dubrovina I, et al. (2013) Live Attenuated Influenza Vaccines against Highly Pathogenic 
H5N1avian Influenza: Development and Preclinical Characterization. J Vaccines Vaccin 4: 208. doi: 10.4172/2157-7560.1000208

Page 10 of 11

Volume 4 • Issue 8 • 1000208
J Vaccines Vaccin
ISSN: 2157-7560 JVV an open access journal

0.00

20.00

40.00

60.00

80.00

100.00

120.00

D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14

Pe
rc

en
t o

rig
in

al
 w

ei
gh

t

Group 1
Group 2
Group 3
Group 4
Group 5
Group 6

Figure 5: Body weight change among studied groups of vaccinated ferrets 
post-challenged with a lethal dose of H5N1 HPAIV; percentage of day of 
administration. 
*6 animals in group were intranasally immunized with two doses of 7.0 log10 
EID50 H5 LAIV candidates 28 days apart, on day 42 challenged with 6.0 log10 
EID50 of H5N1 HPAIV. Control non immunized animals received placebo. 
Observation period-14 days post-challenge. 
Groups of ferrets: 
1 - immunized with VN/H5N2 LAIV, challenged with A/Vietnam/1194/2004 
(H5N1);
2 - immunized with VN/H5N1-RG LAIV, challenged with A/Vietnam/1194/2004 
(H5N1);
3 - immunized with t/T/ H5N2 , challenged with A/turkey/Turkey/1/2005 (H5N1);
4 - immunized with Placebo (PBS), challenged with H5N1 A/Vietnam/1194/2004;
5 - immunized with Placebo (PBS), challenged with H5N1 A/turkey/
Turkey/1/2005;
6 - immunized with Placebo (PBS), challenged with Placebo (PBS).
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Figure 6: Body temperature change among studied groups* of vaccinated 
ferrets post-challenged with a lethal dose of H5N1 HPAIV; difference from 
baseline.
*6 animals in group were intranasally immunized with two doses of 7.0 log10 
EID50 H5 LAIV candidates 28 days apart, on day 42 challenged with 6.0 log10 
EID50 of H5N1 HPAIV. Control non immunized animals received placebo. 
Observation period - 14 days post-challenge. 
Groups of ferrets: 
1 - immunized with VN/H5N2 LAIV, challenged with A/Vietnam/1194/2004 
(H5N1);
2 - immunized with VN/H5N1-RG LAIV, challenged with A/Vietnam/1194/2004 
(H5N1);
3 - immunized with t/T/ H5N2 , challenged with A/turkey/Turkey/1/2005 (H5N1)
4 - immunized with Placebo (PBS), challenged with H5N1 A/Vietnam/1194/2004;
5 - immunized with Placebo (PBS), challenged with H5N1 A/turkey/
Turkey/1/2005;
6 - immunized with Placebo (PBS), challenged with Placebo (PBS).

7:1) and A/17/Vietnam/1203/04-RG (H5N1) (genomic composition 
6:2) LAIV candidates were equally safe, immunogenic and effective 
in protecting ferrets from severe disease, mortality and pathology 
and significantly reduced challenge virus replication. The complete 
protection against lethal challenge in ferrets was achieved by means 
of two vaccinations with LAIVs. Interestingly, ferrets immunized with 
t/T/H5N2 LAIV demonstrated cross-immune response to the virus 
A/Vietnam/1203/04 (clade 1) higher than to the homologous wild 
virus A/turkey/Turkey/01/2005. Such situations are described in the 
literature and explained by the appearance of “escape” mutations in 
evolving viruses [37]. 

These studies demonstrated that LAIV vaccine candidates based on 
MDV-L17 backbone and carrying hemagglutinin of HPAI viruses are 
efficacious in inducing protective immunity against the lethal challenge 
with a homologous wild-type virus. It is demonstrated that H5 live 
attenuated influenza vaccines induced comprehensive cross-protection 
against disease outcomes and upper respiratory tract replication of 
H5N1 highly pathogenic avian influenza viruses. 

Thus, H5N2 reassortants, obtained by methods of classical 
reassortment in eggs are promising vaccines for further evaluation in 
humans as potential pandemic LAIV candidates against H5N1 HPAI 
viruses. The widest range of cross-protection demonstrated LAIV 
against virus A/turkey/Turkey/1/05 (H5N1). 
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