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Objective Parallel testing of inactivated (split and whole virion)
and live vaccine was conducted to compare the immunogenicity
and protective efficacy against homologous and heterosubtypic
challenge by H5N1 highly pathogenic avian influenza virus.

Method Four experimental live vaccines based on two H5N1
influenza virus strains were tested; two of them had
hemagglutinin (HA) of A/Vietnam/1203/04 strain lacking the
polybasic HA cleavage site, and two others had hemagglutinins
from attenuated H5N1 virus A/Chicken/Kurgan/3/05, with
amino acid substitutions of Asp54/Asn and Lys222/Thr in HA1
and Val48/1le and Lys131/Thr in HA2 while maintaining the
polybasic HA cleavage site. The neuraminidase and non-
glycoprotein genes of the experimental live vaccines were from
H2N2 cold-adapted master strain A/Leningrad/134/17/57
(VN-Len and Ku-Len) or from the apathogenic H6N2 virus
A/Gull/Moscow/3100/2006 (VN-Gull and Ku-Gull). Inactivated

H5N1 and HIN1 and live HIN1 vaccine were used for
comparison. All vaccines were applied in a single dose. Safety,
immunogenicity, and protectivity against the challenge with HPAI
H5N1 virus A/Chicken/Kurgan/3/05 were estimated.

Results All experimental live H5 vaccines tested were
apathogenic as determined by weight loss and conferred more
than 90% protection against lethal challenge with
A/Chicken/Kurgan/3/05 infection. Inactivated HIN1 vaccine in
mice offered no protection against challenge with H5N1 virus,
while live cold-adapted HIN1 vaccine reduced the mortality near
to zero level.

Conclusions The high yield, safety, and protectivity of VN-Len
and Ku-Len made them promising strains for the production of
inactivated and live vaccines against H5N1 viruses.
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Introduction

Annual influenza vaccination is the most effective method
for preventing influenza virus infection and its complica-
tions. Inactivated influenza vaccine (IIV) and live attenu-
ated influenza vaccine (LAIV) can be used for vaccination.
Subvirion antigen preparations of IIV are referred to as
‘split” vaccines. Whole-virus vaccines are more immuno-
genic particularly after the first dose of vaccine, but two
doses of split vaccines are entirely effective.' Live attenu-
ated vaccines are constructed by reverse genetics or by reas-
sortment using the hemagglutinin (HA) and neuraminidase

(NA) genes from epidemic strains and six remaining gen-
ome segments from attenuated, cold-adapted master donor
strains (ca MDS). Cold-adapted A/Ann Arbor/6/60
(H2N2) virus is used in the USA,? and the cold-adapted
A/Leningrad/134/17/57 (H2N2) is used in Russia.’
Continuous circulation of highly pathogenic avian influ-
enza H5N1 viruses and the possibility of an influenza pan-
demic are incentives for the development of anti-H5 vaccine
both for human and for poultry. Immunization of poultry
carries a further important benefit in that an effective vaccine
will limit opportunities for the transmission of H5N1 viruses
to humans or other mammalian hosts, thereby mitigating
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the human pandemic threat at its source. The development
of a vaccine against avian influenza virus is therefore clearly
desirable.* Recombinant live attenuated vaccine with a modi-
fied HA and intact NA genes from A/Vietnam/1203/04
(H5N1) and six remaining genome segments from A/Ann
Arbor/6/60 virus were shown to be attenuated in chickens,
mice, and ferrets.>” The intranasal live vaccine ‘Ultragrivac’
was developed based on a reassortment of two viruses:
A/Duck/Potsdam/1402-86 (H5N2) and the ca MDS
A/Leningrad/134/17/57 (H2N2) [Virology Department, St
Petersburg Institute of Experimental Medicine (Russia)].°

Novel approaches to the development of effective live
influenza A virus vaccines have been developed recently.
New vaccines were designed by exploiting the understand-
ing of influenza virus pathogenicity at the molecular level
using reverse genetics technology.”® Some factors are
believed to increase the pathogenicity of poultry influenza
viruses; those are the introduction of multiple basic resi-
dues at the cleavage site, the presence of 627Lys and
701Asp in PB2 polymerase protein,”'® and the NSI gene
product that counteracts the host type I interferon
response, a key component of innate immunity."’

One approach for the generation of the vaccine strain is
the NSI truncation strategy. Poor replication and lack of
disease following deINS1 virus infection were furthermore
correlated with increased levels of type I interferon. These
approaches have produced effective vaccine viruses as dem-
onstrated in mice,'? chicken,'*'* and swine.'>!®

It was shown that replacement of the polybasic HA
cleavage site with an elastase motif creates the attenuated

The influence of the multibasic cleavage site (MBS) and
of the H5 HA on the attenuation, immunogenicity, and
efficacy of a live attenuated influenza H5N1 cold-adapted
vaccine virus were studied, and it was shown that restoring
the MBS in the H5 HA of the vaccine virus improved its
immunogenicity and efficacy, probably as a consequence of
increased virus replication, indicating that removal of the
MBS had a deleterious effect on the immunogenicity and
efficacy of the DeltaH5N1 vaccine in mice.'®

An alternative approach for the generation of live attenu-
ated vaccines was based on using reassortants between low
pathogenic avian and human influenza A viruses.'>*

Although numerous vaccines have been developed to
protect against highly pathogenic avian influenza of sub-
type H5NI, there are insufficient direct comparisons of
their performance.

In this study, we describe parallel testing of inactivated
(whole virion and split) and several live H5N1 experimen-
tal vaccines. The H5 HAs of the strains tested have intact
or removed MBS with attenuated, cold-adapted or apatho-
genic avian viruses used as the source of internal genes.
Homologous and heterosubtypic protection in mice and
homologous protection in chicken were studied.

Materials and methods

Viruses

The list of viruses used in this study is shown in Table 1.
Highly pathogenic H5N1 influenza viruses A/Chicken/Kur-
gan/3/05 was kindly provided by Dr S. S. Yamnikova, D. L

virus and induced homologous and cross-protection.'” Ivanovsky Institute of Virology, Moscow, Russia.
Table 1. Influenza A viruses used in this study
Virus Subtype Design Notes
Chicken/Kurgan/3/05 H5N1 clade 2 Ch/Ku HPAI
Vietnam/1203/04-PR8/CDC-RG H5N1 clade 1 VN-PR8 Vaccine strain
Gull/Moscow/3100/2006 H6N2 Gull/M No pathogenic avian virus
Leningrad/134/17/57; MDS H2N2 Len Cold adapted
Puerto Rico/8/34 HIN1 PR8 Vaccine strain
New Caledonia-Leningrad/134/17/57 H1N1 NC-Len Live cold-adapted vaccine strain
Strains obtained in this study
Attenuated Chicken/Kurgan/3/05 H5N1 clade 2 Ku-at With substitutions of Asp54/Asn, Lys222/
Thr in HA1 and Val48/lle, Lys131/Thr in HA2
Vietnam/1203/04-Leningrad/134/ H5N2 VN-Len Cold-adapted reassortant 1/7*
17/57
Vietnam/1203/04-Gull/Moscow/ H5N2 VN-Gull Reassortant 1/7
3100/2006
Attenuated Chicken/Kurgan/3/ H5N2 Ku-Len Cold-adapted reassortant 1/7
05-Leningrad/134/17/57
Attenuated Chicken/Kurgan/3/ H5N2 Ku-Gull Reassortant 1/7

05-Gull/Moscow,/3100/2006

*H5 hemagglutinin gene and seven remaining genome segments from donor strain.
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Vietnam/1203/04-PR8/CDC-RG (H5N1) virus was kindly
provided by Dr R. Donis, CDC, USA. Viruses Gull/M,
PRS, Len, and NC-Len (Table 1) were from the repositories
of Institute of Poliomyelitis and Viral Encephalitides and
Research Institute of Experimental Medicine (Russia).
Other viruses were produced in this study.

Whole virion and split vaccines were from NPO ‘Micro-
gen’, Russian Ministry of Health, Russia. All influenza
viruses were propagated in 10-day-old embryonated eggs at
36 or 32°C. Cold-adapted reassortants were obtained by
classical reassortment on the backbone of MDS A/Lenin-
grad/134/17/57 as previously described.® For generation of
reassortants with apathogenic virus H6N2 A/Gull’Mos-
cow/3100/2006,2 a two-step protocol was used. On the
first step, cold-adapted reassortants were obtained, and on
the second step, selection with antibody to H6N2 at 39°C
was conducted.

Attenuation of A/Chicken/Kurgan/3/05 is described in
Ref. 22. Briefly, undiluted virus in allantoic fluid was trea-
ted with 1 mg/ml trypsin at 37°C overnight before inocu-
lating into embryonated eggs followed by propagation at
36°C. After five such passages, allantoic fluid was incubated
for 1 hour at 37°C at pH 4-7-5 before inoculation of eggs.
After five such passages, the eggs were incubated for
72 hours at 36°C, and eggs with live embryos were har-
vested. Virus was subsequently passaged three times at lim-
iting dilution, and all the genes were sequenced.

Growth kinetics of virus in 10-day-old embryo-
nated chicken eggs

Ten-day-old embryonated chicken eggs were inoculated
with 107 embryonal infecting dose (EID) of viruses and
incubated at 26, 32, 36, and 39°C. Allantoic fluids were
harvested and subsequently assayed for viral growth at 48,
72, and 96 hours post-infection. The titer of virus present
in the allantoic fluid was tested by hemagglutination assay.

Immunization and infection in mice

Six-week-old BALB/c mice were used. Groups of 20 mice
were anesthetized and then inoculated intranasally with live
vaccines (allantoic fluid with tested viruses) or intramuscu-
larly with inactivated vaccines or placebo (PBS). The single
immunization was performed in all experiments. On days
7, 15, and 30 post-immunization, serum samples were
taken for antibody titration. The levels of antibody present
in sera were assessed by ELISA with anti-mouse IgG1 and
IgG2a horse radish peroxidase—labeled antibody (AbD Sero-
tec, Ditesseldorf, Germany) as described previously.23

Challenge with HPAIV A/Chicken/Kurgan/3,/2005
Viral infectivity and aerosol infection of animals were deter-
mined as described in the Ref. 24. Briefly, all mice or chicken
were marked and infected by using in-house-constructed

apparatus for whole-body aerosol exposure. Virus dosage
per mouse was about 10" tissue culture infecting dose
(TCID)so/mouse that is equivalent to more than 100 lethal
dose (LD)so. On day 4 post-challenge, lungs of three mice
from each group were taken, and titers of the challenge virus
were quantitated by standard 50% tissue culture infectious
dose assay in MDCK culture. Survival and body weight fol-
lowing vaccination and challenge were monitored daily.

Immunization and infection in chickens

Ten-day-old Iso-Brown chickens were infected intranasally
with non-diluted allantoic fluid with tested viruses. On day
15 post-immunization and post-challenge, serum samples
were taken for antibody titration. On day 24 days, after vac-
cination, chickens were challenged as described earlier with
A/Chicken/Kurgan/3/05 (~10* EID per chicken). All birds
were assessed daily for body weight, clinical signs of disease,
and mortality. On day 3 post-challenge, lungs of one chicken
from each group were taken, and titers of the challenge virus
were determined. Feces were sampled on days 3-10 post-
challenge. The levels of antibody present in sera were
assessed by ELISA with anti-chicken horse radish peroxi-
dase-labeled antibody (Sigma-Aldrich, St. Louis, MO, USA).

Statistical analysis
Statistical analysis was performed using the Student’s ¢-test.

Results

Attenuated A/Chicken/Kurgan/3/05 (Ku-at) was obtained
by the selection of highly pathogenic H5NI influenza
viruses A/Chicken/Kurgan/3/05 in conditions similar to
the life cycle of wild duck influenza virus, specifically by
means of treatment of stock virus with trypsin followed by
incubation at acid pH. Final strain (Ku-at) was attenuated
for mice and chicken embryo and had reduced pathogenic-
ity for chicken.

Phenotypic differences Ku-at from parent virus
The fusion pH of Ku-at is 0-5 units lower than of
A/Chicken/Kurgan/3/05. The pattern of receptor-binding
specificity of Ku-at changed toward increasing affinity for
fucosilated receptors.”> We have previously the same type
of receptor specificity change for H9 virus after the replace-
ment of bulky 222 amino acid with one having a smaller
side chain.*

Replacements in the proteins of attenuated
A/Chicken/Kurgan/3/05

The whole-genome sequence of Ku-at reveals 18 nucleotide
replacements, which produce amino acid substitutions as
listed in Table 2. (GenBank accession numbers: DQ323672-
DQ323679; HQ724520-HQ724527). The reassortants of
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Table 2. Amino acid substitutions in Ku-at proteins

Gene PB1 PB2 HA1* HA1 HA2 HA2 NP NA NA NS1
Amino acid number 218 256 54 222 48 131 386 46 189 37
A/ch/Kurgan/3/2005 Leu Asp Asp Lys Val Lys Trp Ala Asn Arg
Ku-at Met Asn Asn Thr lle Glu Cys Thr Ser His
*H3 numbering for HA.
Ku-at with cold-adapted master strain A/Lenin- the reassortants with apathogenic H6N2 virus A/Gull/Mos-
grad/134/17/57 and with apathogenic H6N2 virus cow/3100/2006. The selection at 39°C was conducted with

A/Gull/Moscow/3100/2006 had no additional amino acid
replacements in HA.

Ku-at has a total of 10 amino acid substitutions com-
pared with the parent virus (Table 2). Ku-at preserves such
molecular markers of pathogenicity of HPAI H5NT1 viruses
as MBS, 627Lys and 701Asp in PB2 and 92Glu in NS1.>'°
Nevertheless, it has low pathogenicity for mice. Replace-
ments in PB1, NP, and NS of Ku-at are all likely to
decrease virus pathogenicity. Trp386 in NP is part of the
protein RNA-binding motif.*® Arg37 in NSI is located in
the nuclear localization signal, which contains a sequence
of basic amino acids Asp-Arg-Leu-Arg-Arg (codons
34-38).7

Amino acid substitutions in HA are situated in the
fusion peptide pocket (48 of HA2), in the HA2 coiled-coil
domain (48 and 131), and in regions where distant parts of
the linear HA1 chain come into contact in the folded struc-
ture (54 of HA1) or are at the interface of subunits in the
HA trimer (222 of HA1 and 131 of HA2). These replace-
ments affect the flexibility of the molecule and could
change the parameters of pH-dependent conformational
changes and fusion,?® and we indeed see that the fusion
pH of Ku-at decreased 0-5 units. Such a decrease could be
a significant attenuating factor during virus replication as
was shown in. >

Replacements such as Asp54/Asn in HA1, Val48/Ile and
Lys131/Glu in HA2, and Ala46/Thr in NA are more typical
for HA and NA proteins from wild duck viruses because
most of ancient duck H5 viruses had Asn54 in HAI and
Ile48 in HA2; H3 and H4 duck viruses have Glul31 in
HA2. Many of duck viruses with N1 have Thr46 in it.
Thus, the selection in conditions that were similar to the
life cycle of the wild duck influenza viruses resulted in the
reversion of amino acids and partial loss of characteristic
feature of HPAI viruses.

Generation of the reassortants H5 viruses

The selection of reassortants of H5N1 viruses with cold-
adapted master strain A/Leningrad/134/17/57 was con-
ducted at 26°C with antibodies to H2N2 virus. The derived
strains VN-Len and Ku-Len were then used for obtaining

antibody to H6N2 virus. It is interesting to note that in all
cases, the NA gene accompanied inner genes of parent
virus in spite of unfavorable antibody pressure.

Growth characteristics of viruses in chicken eggs
at different temperatures

Optimal growth temperature for parent viruses Ch/Ku,
Gull/’M, VN-PR8, as well as Ku-at and reassortants with
Gull’M was 36°C, while for MDS A/Leningrad/134/17/57
and reassortants VN-Len and Ku-Len, optimal temperature
was 32°C. Yield of viruses at optimal temperature was very
different. It was relatively low for A/Chicken/Kurgan/3/05,
medium  for  A/Gull/Moscow/3100/2006,  A/Viet-
nam/1203/04-PR8/CDC-RG, Ku-at and for VN-Gull and
Ku-Gull. Yield of MDS Len and reassortants VN-Len and
Ku-Len was much higher (titer 1024-2048 in HA test). Only
Len, VN-Len, and Ku-Len were capable of growth at 26°C
and did not grow at 39°C, i.e., they have both cold-adapted
and temperature-sensitive phenotype (data not shown).

Safety and protective efficacy of the vaccine in
mice

To assess the safety of the reassortant viruses in study and
estimate their vaccine efficacy, we performed vaccine chal-
lenge studies in mice. Groups of 20 mice were inoculated
intranasally with live vaccines and intramuscularly with
inactivated vaccines and placebo. Inactivated vaccines as
well as cold-adapted reassortants VN-Len, Ku-Len, and
NC-Len were well tolerated. Weight dynamics and survival
in these groups were nearly equal to placebo group
(Table 3). The most pathogenic was parent virus Viet-
nam/1203/04-PR8/CDC-RG, which caused significant
weight loss and 80% mortality. Ku-at caused 15% weight
loss and 20% mortality, while VN-Gull and Ku-Gull caused
~10% weight loss and 10% mortality.

On day 30, mice were challenged by H5NI
A/Chicken/Kurgan/3/05 virus (~100 LDsy). On day 4
after challenge, the H5NI1 virus in the mouse lungs was
determined. The content of virus in the lungs was maximal
in the placebo group, groups vaccinated with non-specific
HINI vaccines and with low dose of H5N1 split vaccine.

© 2011 Blackwell Publishing Ltd
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Table 3. Post-vaccination and post-challenge survival, weight dynamics, and levels of challenge virus in the lung of mice

Vaccine Dose Post-vaccination Post-challenge
Survival* Weight** Virus in lung*** Survival Weight

Inactivated ug HA % % Log TCIDso % %
Whole H5N1 2:5 97 102 +3 1+1 95 95+ 8
Whole H5N1 0-5 100 105+ 4 2+ 80 83+ 11
Split H5N1 2:5 99 105+ 5 4+ 05 70 79 + 14
Split H5N1 05 99 105+ 4 55+ 1 17 74 + 16
Whole H1N1 2:5 100 101 +5 55+ 1 0 72 +8

Live TCIDs,
VN-PR8 H5N1 108 20 78 + 6 1+1 98 94 + 6
Ku-at H5N1 108 79 84 +5 1+08 98 92 +6
VN-Len H5N2 108 97 93+4 2+ 94 88 +7
VN-Gull H5N2 10° 92 88+ 7 15 + 1 97 93+5
Ku-Len H5N2 108 97 96 + 5 2+ 13 95 90 +9
Ku-Gull H5N2 106 90 89 + 10 15+ 13 97 916
NC-Len H1N1 108 97 95+ 6 47 +0-8 90 77 5
Placebo - 99 105 + 3 6+ 07 0 70+ 4

Mice were exposed to single vaccination in indicated dose and challenged by H5N1 A/Chicken/Kurgan/3/05 virus (~100 LDsp) on day 30 post-

vaccination.
*Survival: Percentage survival of three experiments;

**\Weight: Average mouse weight, percentage of start value (average for three experiments) determined on day 6 post-vaccination or post-chal-

lenge.

***Challenge virus in the lung, log;o of TCIDsq value, average for nine mice of three experiments.

Virus titers were lower in high dose split virus group, lower
still in groups vaccinated with live cold-adapted vaccine,
and sometimes undetectable in groups vaccinated with
whole H5N1-inactivated vaccine and live Ku-at, VN-Gull,
and Ku-Gull viruses.

Protection from death after specific vaccination generally
correlated with the decrease in virus in the lungs. It was
maximal (100% in a part of the experiments) in groups
vaccinated with high dose of whole H5NI-inactivated vac-
cine and with live H5 viruses. High dose of H5N1 split
vaccine reduced mortality, while a low dose conferred little
or no protection.

Changes in body weight after challenge (Figure 1) dem-
onstrated the difference in clinical course for mice vacci-
nated with inactivated or live, specific or non-specific
vaccine. The group immunized with the high dose of
H5N1 whole vaccine displayed the least weight loss after
challenge, while immunization with non-specific inactivated
HIN1 vaccine had no effect on weight loss compared to
unimmunized controls. The group vaccinated with specific
live vaccine showed a moderate weight loss by day 6 post-
challenge followed on days 7-8 by net weight gain. The
group vaccinated with the HIN1 live attenuated vaccine
demonstrated rapid weight loss during the first post-chal-

lenge days, but by days 8-10, mice started recovering and
gaining weight and nearly 90% of them survived.

Immunogenicity of the vaccine in mice

To evaluate the immunogenic properties of tested experi-
mental vaccines and estimate the balance between TH2 and
THI cells (humoral and cell-mediated immunity), the level
of anti-H5N1 IgGl and IgG2 was measured on day 7, 14,
and 30 post-vaccination and on day 14 post-challenge
(Table 4).

On day 7, IgG1 was not detected. IgG2a was detected in
mice vaccinated with whole-virion vaccine and was lower
in mice vaccinated with live viruses, and only a few of the
mice had a barely detectable level of IgG2a in the ‘split’
group.

On day 14, the level of IgG1 was large in groups, vacci-
nated with live vaccines. In groups vaccinated with whole
vaccine, it was lower and in ‘split’ group, not detectable.
The level of IgG2a on day 14 was high in live vaccine and
whole vaccine groups, while in ‘split’ group, it was tenfold
lower.

From day 14 to day 30, levels of both types of antibodies
strongly increased in groups vaccinated with live vaccines
with little or no change in groups receiving inactivated vac-
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Figure 1. Weight dynamics and survival of mice after challenge with
HPAI H5N1 virus A/Chicken/Kurgan/3/05. Groups of 20 mice were
vaccinated with live vaccines (10° TCIDso) or with inactivated whole
virion vaccines (2 ug HA in single dose). On day 30 mice were
challenged by H5N1 A/Chicken/Kurgan/3/05 virus (~100 LDs).
Abrupt drop of weight curves denotes the death of all mice. Insertion
represents the survival curves of the same experiment.

cines. The differences between whole H5, split H5, and live
vaccines groups were statistically significant (P < 0-01 in
Student’s t-test). An important point is that mice vacci-
nated with cold-adapted live vaccines had well-balanced
IgG1/1gG2a serum antibody levels, testify to sufficient
humoral and cell-mediated immune response.

On day 14 after challenge, titers of anti-H5 IgGl and
especially IgG2a were very high in all surviving mice.

Evaluation of live H5 viruses in chickens

The 10-day-old chickens were infected intranasal with 10*
EIDs, of HPAI virus A/Chicken/Kurgan/3/05, 10° EIDs,
of viruses Ku-at, Vn-Gull, and Ku-Gull and 10” EIDs, of
viruses VN-Len and Ku-Len (Table 5). Chickens infected
by A/Chicken/Kurgan/3/05 all died by day 3. Chickens
infected by Ku-at virus lost weight and died by day 8 after
infection. VN-Len, VN-Gul, Ku-Len, and Ku-Gull caused
no weight loss or mortality in chickens, and anti-H5 anti-
bodies were detected in all sera taken on day 14. On day
24, chickens were challenged by whole-body aerosol expo-
sure with HPAI A/Chicken/Kurgan/3/05 (~10° EIDsy/-
chicken). Chickens of placebo group died by day 2. Most
chickens vaccinated with VN-Len and Ku-Len group died

by day 3-6 after challenge, while most chickens vaccinated
with VN-Gull and Ku-Gull survived challenge. Challenge
virus was detected in chicken lungs of all groups, while
virus in feces was not detected in Vn-Gull and Ku-Gull
groups. On 14 days after challenge, the levels of anti-H5
IgG were very high in all surviving chickens.

Discussion

Our data directly comparing of LAIV and IIV show that
one dose of split vaccine is insufficiently protective, while
whole virion IIV in dose of 2 ug HA/mice is immunogenic
and protective against homologs challenge. The single vac-
cination with cold-adapted H5 LAIVs is safe and effective.
The increase in antibody levels after vaccination with LAI-
Vs persists for a longer time than after IIV vaccinations
demonstrated by antibody measurements and the results of
challenge after vaccination.

The effect of the MBS on virus pathogenicity is revealed
by comparing VN-gull with Ku-gull and VN-Len with Ku-
Len. We did not detect a difference in pathogenicity within
these strain pairs suggesting that mutations decreasing the
flexibility of HA can affect the pathogenicity for mice to
nearly the same extent as presence or absence of the MBS.
The Ku-Len (cold-adapted H5 LAIV with MBS) is as
apathogenic for mice as the commercial vaccine NC-Len
(HIN1). This is in agreement with data of Suguitan,'® who
showed that restoring the MBS in the H5 HA of the vac-
cine virus improved its immunogenicity and efficacy while
preserving attenuation. The high yield of VN-Len and Ku-
Len in chicken embryonated eggs makes them promising
strains for the production of both live and inactivated
vaccines.

Our data demonstrate a fundamental difference between
IIV and LAIV after heterosubtypic immunization. The IIV
has no apparent efficacy in that case, while LAIV conferred
almost complete cross-protection. Analogous results were
obtained Kreijtz et al., >* who showed that primary influenza
A virus infection induces cross-protective immunity against
a lethal infection with a heterosubtypic virus strain in mice.
It was also shown that vaccination with live elastase-depen-
dent heterosubtypic reassortants led to cross-protection '’
and that vaccination with LAIV provided a prophylactic
effect against both heterologous and heterotypic infections.”

All experimental vaccine strains were safe for 10-day-old
chickens under intranasal application. All strains give rise
to anti-H5 antibodies, at variance with Suguitan et al.’
data, which showed that the recombinant live attenuated
H5N1 vaccine with six inner genome segments from
A/Ann Arbor/6/60 did not infect chicken at all. Probably
A/Leningrad/134/17/57 is less thermosensitive than A/Ann
Arbor/6/60, and viruses VN-Len and Ku-Len may propa-
gate in upper respiratory tract of chicken. Nevertheless,
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Table 4. Post-vaccination and post-challenge IgG1 and IgG2a antibody to H5N1 in mice sera

Dose Antibody to H5N1, log of geometrical mean of the ELISA titer
ug HA 7 days post-vacci- 14 days post-vac- 30 days post-vac- 14 days post-chal-
nation cination cination lenge
Vaccine lgG1 lgG2a 1gG1 lgG2a lgG1 lgG2a 1gG1 lgG2a
Inactivated
Whole H5 25 <2 2:6 25 36 2:6 34 47 5-4
Split H5 2:5 <2 21 <2 22 2 24 4.5 53
Live TCIDsg
Ku-at 10° <2 22 31 42 37 46 45 53
VN-Len 108 <2 2-3 2:9 32 33 4 41 51
VN-Gull 10° <2 2:4 34 39 37 42 4-4 5-2
Ku-Len 108 <2 2-3 3 33 3-6 3-8 4-6 53
Ku-Gull 10° <2 22 32 4-1 3-8 47 46 5-4
Placebo - <2 <2 <2 <2 <2 <2 - -

Mice received a single dose of the immunizing virus. Serial 2-fold dilutions of serum were prepared, beginning with a 1:100 dilution. An undetect-

able antibody titer was assigned a value of 50 (Logio = 1-7).

immunogenicity and protectivity of VN-Len and Ku-Len
were lower than immunogenicity and protectivity of VN-
Gull and Ku-Gull.

One complication for the potential use of live vaccines in
poultry is the difficulty in differentiating vaccinated poultry
from naturally infected birds based on serology. A strategy
known as ‘differentiating infected from vaccinated animals’
(DIVA) is used to obviate these difficulties.”* H5N2 formula-
tions of our experimental vaccines meet the DIVA criterion.

In summary, the use of LAIVs offers substantial benefits
compared to inactivated vaccines. Intranasal administration
and replication in nasopharyngeal epithelial cells mimic the
natural infection route of influenza virus, which elicits a
well-developed and balanced immune response to the path-
ogen after challenge. Cross-protective immunity against
a heterosubtypic virus strain can be induced by LAIV. Uti-
lization of last year’s live vaccines can reduce severity of
the disease caused by heterosubtypic pandemic strains.
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