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Abstract

This paper describes a preclinical study analyzing the immunogenicity and protective efficacy of Kazfluvac®, an adjuvant-
based inactivated pandemic influenza A/H5N1 virus vaccine. In this study, laboratory animals (ferrets and mice) were
vaccinated by the intramuscular or intraperitoneal route at an interval of 14 days with two doses of the vaccine containing
different concentrations of influenza virus hemagglutinin (HA) protein. HA protein without adjuvant (aluminum hydroxide
and Merthiolate) was used as a control. As a negative control, we utilized PBS. We assessed the protective efficacy of the
candidate vaccine by analyzing the response to challenge with the influenza virus strain A/chicken/Astana/6/05 (H5N1). Our
experimental results revealed substantially reduced clinical disease and an increased antibody response, as determined by
hemagglutination-inhibition (HAI) test and microneutralization assay (MNA). This study showed that the candidate vaccine
is safe and elicits an antigen-dose-dependent serum antibody response. In summary, we determined the optimum antigen
dose in a Kazfluvac® adjuvant formulation required for induction of heightened immunogenicity and protective efficacy to
mitigate HSN1 disease in experimental animals, suggesting its readiness for clinical studies in humans.

Introduction of a pandemic. In addition to infection of birds and destruc-

tion of flocks, this pathogen continues to circulate in Asia

Outbreaks of highly pathogenic avian influenza A (H5N1)
virus among wild and domestic birds in Southeast Asia in
1997-2004 and its spread to other countries in Asia, Europe
and Africa, coupled with putative mutations of the virus,
have complicated the epidemiology of influenza consider-
ably [1]. The emergence of a highly pathogenic influenza
virus of the H5 subtype that is capable of infecting humans
without prior adaptation and its unprecedented spread
throughout the world have brought about a permanent threat
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and cause disease in humans [2, 3]. According to WHO, by
19 July 2016, avian influenza A (H5N1) virus had infected
854 people in Indonesia, Vietnam, China, Cambodia, Thai-
land, Azerbaijan and other countries, resulting in 450 deaths
[4].

There has been uncontrolled spread of the virus in
Asia, threatening the biological safety of many coun-
tries, including Kazakhstan. The first outbreak of highly
pathogenic avian influenza A (H5N1) virus in Kazakh-
stan was reported in 2005 [5]. A strain called A/chicken/
Astana/6/05 (H5N1) was isolated from birds during an
outbreak. It was determined that this strain belongs to
clade 2.2 and bears substantial similarity to strains rec-
ommended by WHO for human vaccine production [6].
Influenza vaccines remain the principal means of disease
prophylaxis. We at the Research Institute for Biological
Safety Problems, through a reverse genetics approach,
developed Kazfluvac®, a pandemic avian influenza (H5N1)
vaccine intended for human use. The vaccine virus strain
has a number of differences in its biological properties
compared to other related strains [6], and the procedure
used to grow, purify, and concentrate the virus are distinct.
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This monovalent pandemic virus vaccine was produced
using a technology in which inactivated whole virions
are adsorbed onto an aluminum hydroxide adjuvant, 2%
Alhydrogel® [7, 8]. The presence of aluminum hydroxide
enhances the effectiveness of the vaccine and reduces the
antigen dose required, which helps to minimize its reac-
togenicity (i.e., the ability to cause adverse reactions) and
increase its safety [6, 7]. Antigens and the adjuvant form a
combination that stimulates the induction of humoral and
cellular immunity, leading to the generation of protective
levels of specific antibodies against influenza virus [8].
To scale up this technology, we used a new strategy to
purify the virus from infected chick embryo allantoic fluid,
which enabled us to obtain high levels of concentrated
virus while minimizing the ovalbumin content.

The effectiveness of vaccination in preventing a pan-
demic viral disease is directly dependent on the quality of
the vaccines utilized [9—13]. A study of the immunogenic-
ity and protective properties of Kazfluvac® was needed
to assess the vaccine’s effectiveness against A/H5N1
pandemic influenza virus infection in laboratory animals
(ferrets, in particular). Influenza-virus-infected ferrets and
humans show similarities in their symptoms, course of
disease, spread of the virus in body, and humoral response
[14, 15]. However, mice are often used in studies of the
immunogenicity of influenza vaccines along with ferrets
[16—18]. The goal of this study was to assess the immu-
nogenicity and protective efficacy of Kazfluvac®, an inac-
tivated adjuvant-based pandemic H5N1 influenza virus
vaccine, in both ferrets and mice immunized twice with
different concentrations of A/H5SN1virus hemagglutinin.

Materials and methods
Vaccine

Kazfluvac®, the vaccine preparation examined in this
paper, is an adjuvant-based inactivated influenza strain
A/AstanaRG/6:2/2009 (H5N1) vaccine in the form of a
liquid suspension. This strain was produced jointly by the
Research Institute for Biological Safety Problems, Min-
istry of Education and Science of Kazakhstan, and the
Research Institute for Influenza, North-East Division of
the Russian Academy of Medical Sciences, by a reverse
genetics approach from the highly pathogenic A/Chicken/
Astana/6/05 (H5N1) influenza virus and the highly repro-
ductive donor strain of A/PR/8/34 (HIN1) influenza virus
(gene ratio 2:6) [5, 6]. The study was conducted by using
three experimental batches of Kazfluvac® with different
concentrations of A/H5N1 hemagglutinin.
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Animals

To assess the immunogenicity and protective effectiveness
of three experimental batches of Kazfluvac®, we used 6
to 7-month-old male ferrets (n = 96) provided by Biotest,
Czech Republic, and female BALB/c mice (n = 165)
weighing 18-22 g. Each experimental vaccine group con-
sisted of eight ferrets and 15 mice. Experimental animals
were grouped randomly (8 ferrets and 15 mice) to include
both males and females and to achieve uniform homo-
geneity in terms of body weight (= 20%). We collected
blood samples from animals prior to the study, and they
were found to be negative for serum antibodies against
influenza virus.

Assessment of immunogenicity and protective
efficacy of the vaccine in ferrets and mice
challenged with pandemic influenza virus A/H5N1
Ferrets were vaccinated with Kazfluvac® containing differ-
ent amounts of HA (3.75 pg, 7.5 pg and 15.0 pg per dose)
containing 2% aluminum hydroxide and Merthiolate. The
animals were inoculated twice by the intramuscular route
at an interval of 14 days. The control groups received 10
pg of HA or PBS containing 0.5 pg of aluminum hydrox-
ide (A1™). The volume of experimental vaccine and con-
trol substance was 0.5 ml per animal. Blood samples were
collected from ferrets through the subclavian vein two
weeks after each immunization to determine the antibody
response by hemagglutination inhibition test. To assess the
protective efficacy of the vaccine, animals were infected
intranasally, 14 days after the second immunization, with
the strain A/chicken/Astana/6/05 (H5N1) at a dosage of
10° 50% egg infectious dose per (EIDs,) 0.5 ml (0.25
ml into each nostril). All of the animals were observed
throughout the study period for clinical signs of disease
such as sneezing, nasal discharge, changes in body tem-
perature and weight, loss of appetite, and neurological
disorders. We collected nasal wash samples and eutha-
nized two animals from each group to sample lungs and
spleen on days 3, 7 and 14 post-challenge. The viral load
was determined by analyzing the infectious activity of the
challenge virus in 10-day-old chick embryos to determine
the EID5, value.

Groups of mice were vaccinated twice by the intraperi-
toneal route at an interval of 14 days with three doses of
inactivated virus containing 2.5 pg, 5 pg or 10 pg of HA
and 2% aluminum hydroxide and Merthiolate. The control
groups received PBS without adjuvant as a negative con-
trol. We sampled blood from the tail vein two weeks after
the second immunization to assess the antibody response
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by HAI and MNA. To assess the protective efficacy of
Kazfluvac®, mice were challenged with strain A/chicken/
Astana/6/05 (H5N1), which causes lethal influenza in
mice. Animals were challenged intranasally, under anes-
thesia, with 30 pl of virus at a dose of 10°TIDs, per ani-
mal. Mice were examined throughout the study period for
any changes in body weight, level of activity, loss of appe-
tite, and neurological disorders. We sampled the lungs,
spleen and brain on the day of the death of the mice and
determined the viral load by examining infectious influ-
enza virus activity in 10-day-old chick embryos and deter-
mining the EIDs, value as described previously [19].

Viral infectivity

We assessed the infectivity of the HSN1 challenge virus
using a standard 10-fold dilution of test samples in PBS
(from 107! to 107'%) inoculated into the allantoic cavity of
10-day-old chicken embryos. The embryos were incubated
at 33 °C and a relative air humidity of 55% for 3 days. A
hemagglutination test was performed to confirm the pres-
ence of the virus in chicken embryos, and the infectious titer
was calculated at log10 EID5,/0.2ml of inoculum using the
Reed-Muench method [22]. All research with the pandemic
virus was conducted in a biosafety level 3 environment.

Assessment of the humoral response in animals
Hemagglutination inhibition (HAI) test

The test was performed by the standard method using the
avian influenza strain A/chicken/Astana/6/05 (H5N1) virus
as the antigen. We removed nonspecific inhibitors by treat-
ing blood samples with a receptor-destroying enzyme from
Vibrio cholerae (Denka Seiken Co. Ltd., Japan) according
to the user instructions and heat treating the sera at 56 °C
for 30 minutes.

Microneutralization assay (MNA)

For the assay the test sera were diluted in Eagle medium
(1/10-1/1280) in round-bottom plates containing TPCK
trypsin (Sigma, USA) at a concentration of 2 pl/ml. An
equal volume of virus (100 TCIDs in 50 pl) was added
to the serum, and the plates were incubated at 37°C for
2 hours. One hundred pl of the mixture was transferred
to a plate (NUNC, Denmark) seeded with a MDCK cell
monolayer containing 50 pl of Eagle medium with TPCK
trypsin (2 pg/ml) in each well. Two control samples were
included in each plate: a cell control (CC, four wells with
diluent without virus or serum) and a virus dose control
(CV, four wells containing virus). The plates were kept in
a CO, incubator at 37°C for 48 hours. After incubation,

the medium was removed and the cell monolayer was fixed
with cold 80% acetone for 20 minutes and washed with
PBS. We performed an ELISA test on the plates to detect
infected cells using virus-specific monoclonal antibodies
(mAbs). Plates were washed twice with PBS, and 100 pl of
MAD Px diluted in PBS containing 5% skim milk (1/4,000)
was added to each well. The plates were incubated at room
temperature for 1 hour and washed four times with PBS,
and 100 pl of substrate mixture (0.02% H,0, and 0.1 mg
of 3,3’,5,5 -tetramethylbenzidine [Sigma, USA] per ml
in 0.1 M acetate-citrate buffer [pH 5.0] was added. The
reaction was stopped after 15 minutes by adding 50 pl of
2 N H,SO, in each well, and the optical density at 450 nm
(OD,5,) was measured using an Anthos-2010 photometer
(Austria). The virus-neutralizing titer was calculated as
the endpoint dilution of antibody (using OD450) at which
the infectivity remained below the threshold value (TV),
computed by the following formula:

_ OD450CV — 0D450CC

TV
2

+ OD450CC,

where: OD,5, CV is the average OD,5,, value in control wells
containing virus working dose, and OD,s, CC is the average
OD,;5, value in control uninfected wells

Statistical analysis

Statistical analysis of all experimental data was performed
using Graphpad Prism Software version 6.0 (GraphPad
Software Inc., CA, USA). We assessed immunogenicity
in the test groups by determining the geometric mean
titer (GMT) of antibodies with a confidence interval of
95%. Means are reported with standard errors (SEM).
Significance between groups was determined by two-way
ANOVA, and significance was set at P < 0.05. We used
a one-way analysis of variance (Dunnett’s test) to com-
pare dose-dependent changes in the body weight of the
experimental animals in the test groups. We analyzed the
survival of challenged animals using the Logrank test. All
other data operations and statistical computations were
conducted using StatSoft software, version 12.

Statement of ethics

Animal procedures were performed in accordance with
national and international laws and guidelines on labora-
tory animal handling. The protocol was approved by the
Committee on the Ethics of Animal Experiments of the
Research Institute for Biological Safety Problems (Permit
Number 0909/25).
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Results

Assessing the immunogenicity and protective
efficacy of the vaccine in ferrets

No deviations in the somatic or neurological status of vac-
cinated animals in the test or control groups were observed
during the observation period after two immunizations.
The body weight of animals in the test and control groups
did not differ significantly over time. The gain in body
weight on day 14 after the first and second immuniza-
tion in animals vaccinated with Kazfluvac® and control
agents varied from 0.1% to 3.5% (Fig. 1). The body weight
change in animals of the test group on the sixth to seventh
day after the first and second immunizations was compa-
rable to that in the control group. In both groups, the body
weight increased by 14 days, suggesting that the vaccine
did not cause any loss in body weight in ferrets. The body
temperature of the test and control groups of ferrets was
normal for 14 days after the first and second immuniza-
tions with no major fluctuations (Fig. 1).
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Fig. 1 Analysis of changes in the body weight and temperature of
vaccinated ferrets. (A and B) Changes in the body weight of ferrets
immunized with Kazfluvac® vaccine after the first (A) and second
(B) immunization, shown as the percentage of the initial weight (0%)
before the experiment. Analysis of daily readings of body tempera-
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A comparison of antibody GMT values after the first
immunization with different HA concentrations showed
variations between the test groups compared to controls, in
particular, significant differences were observed between
ferrets immunized with 3.75 pg (P = 0.002), 7.5 pg (P =
0.0001), and 15.0 pg (P = 0.0001) of HA compared to the
PBS control, suggesting that a single immunization of fer-
rets using different amounts of antigen promoted a dose-
dependent antibody response. However, the difference in the
GMT values of animals immunized with 7.5 pg and 15.0 pg
HA per dose were not significantly different (Fig. 2A). The
second immunization induced a significant (P < 0.05) GMT
value difference in all of the experimental groups when com-
pared to the first immunization and the control groups of
ferrets (Fig. 1B). These results demonstrated that, irrespec-
tive of antigen dose and adjuvant (A1*), a booster dose of
Kazfluvac® provided a stronger immune response (Fig. 2).
Ferrets in the negative-control group either did not develop
antibodies or their antibody levels remain lower than 1:10.

During the 14-day observation period, clinical signs were
observed in 75% (6/8) of the animals in the negative con-
trol group starting on day 3. These signs include sneezing,
reduced activity, loss of appetite, difficulty in breathing, and
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tures in ferrets (with standard deviation) of the test and control groups
for 14 days after the first (C) and second (D) vaccination did not iden-
tify any deviations from the normal values. The observation period
totaled 14 days and the standard deviation (SD) of the mean body
temperature for each group is indicated by error bars
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a watery discharge from the nose and eyes that over time
became dense and formed a crust around the nasal turbinate.
One other clinical sign that was noted was a steady loss of
body weight.

A statistical analysis using StatSoft showed that there
were significant differences in body weight at each vaccina-
tion (first and second) when compared to the time of chal-
lenge (P < 0.05). We compared the body weight of animals
after the first vaccination and after the challenge and found
significant differences from days 1 to 4 after challenge, with
the significance level at P = 0.001-0.02. We compared the
body weight of animals after the second vaccination and
post-challenge and found a significant difference from
day 1 to 3 post-challenge, with the significance level at P
= 0.02-0.04. (Fig. 2 and 3). In spite of an increased trend
towards loss of weight on day 3 after challenge, ferrets that
had received two immunizations gained in body weight on
day 6, with the weight gain depending on the amount of HA
(8.0% gain with 3.75 pg of HA, 9.5% with 7.5 pg, and 6.8%
with15.0 pg).

A significant difference (P < 0.05) in the body temper-
ature of the test and control groups was observed on day
6. The average body temperature in test-group animals
exceeded the physiological limit (39.0 °C) only on days 4-5,
whereas in the control group it was high from day 1 after
challenge and remained unchanged until day 8. The body
temperature of vaccinated ferrets remained within the nor-
mal range (Fig. 3) throughout the entire observation period.
The benchmark value used for the average body tempera-
ture was the average body temperature readings recorded
for 3 days pre-challenge. Statistical analysis of variance of
the body temperature between the test and control groups
showed a significant difference (P = 0.004). On day 2 post-
challenge, there was a statistical difference based on the
number of vaccinations (P = 0.006) and the different HA

concentrations in the vaccine used compared to the control
group, which remained higher until day 13 (P < 0.05).

The presence of virus was detected in nasal wash samples
in 100% of animals in the control group at 3 and 7 days after
challenge, while in immunized animals, virus was detect-
able 3-7 days after challenge, and the viral load was 1000
times lower than in the control group. We also examined the
viral load in the internal organs of ferrets to assess the extent
of viral invasion in their bodies. On days 7 and 14 after chal-
lenge, two animals from each group were euthanized, and
the virus load in their lungs and spleen was measured. In the
immunized group, reduced virus titers were observed in the
lung tissues at day 7, and by day 14, the virus was undetect-
able. Significant differences in virus load were observed in
the lungs at days 7 and 14 (P = 0.029), and the difference
between virus accumulation in the spleen and nasal wash
samples was also significant (P < 0.05). Two-way analysis of
variance to evaluate the shared impact of the time (number
of days) and the different HA concentrations in the vaccine
showed a significant difference (P = 0.02).

Assessing the immunogenicity and protective
efficacy of the vaccine in mice

The general condition of the mice after each immunization
with Kazfluvac® and control agents was normal. The GMT
values for HAI and MNA antibodies in sera of mice that
received two immunizations was relatively high and was
dependent on the amount of HA in the vaccine formulation.
The GMT values in twice-immunized mice measured by
HAI and MNA are presented in Table 1.

An analysis of HAI results using the Tukey multiple com-
parison test indicated statistically significant differences (P
= 0.0004) in the GMT of mice immunized with Kazfluvac®
containing 2.5 pg and 10.0 pg of HA. The group of mice
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Fig.3 Analysis of clinical observation of vaccinated ferrets post-
challenge. Body weight, body temperature, and titers of infectious
influenza virus in certain organs of test- and control-group animals
14 days after challenge infection with A/chicken/Astana/6/05 (H5N1)
were determined. Each experimental group had eight ferrets. (A)
Body weight in grams (average). (B) Analysis of the percentage devi-
ation in the body weight of ferrets. Weight gain depended on the HA

Table 1 Hemagglutination-inhibition test and microneutralization
assay results

Mouse group HAI MNA

GMT 95%CI GMT 95%CI
Vaccine (HA 2.5) 60.6 22.73-161.8  121.3  56.16-261.8
Vaccine (HA 5.0) 91.9 20.0- 160.0 278.6  67.73-1146
Vaccine (HA 10.0) 278.6  135.6-572.4 4222 263.5-676.5
SP (HA 10.0) 4595 2236-944 211.1 131.8-3383
PBS - - - -

HAI hemagglutination-inhibition test; MNA, microneutralization
assay; GMT, geometric mean titer; HA, hemagglutinin; SP, semi-fin-
ished product of the vaccine Kazfluvac®

immunized with a vaccine containing 10.0 pg of HA also
showed a significant difference (P = 0.01) compared with
the group immunized with 5.0 pg of HA. The GMT of ani-
mals immunized with vaccine containing 10.0 pg of HA
differed significantly (P = 0.001) from those of animals
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concentration in the vaccine: 8.0% (3.75 pg), 9.5% (7.5 pg) and 6.8%
(15.0 pg). (C) Fluctuations in the body temperature of ferrets. The
observation period was 14 days, and the standard deviation (SD) for
the mean body temperature of each group is indicated by error bars.
(D) Infectious influenza virus titer in certain organs (lungs, spleen
and nasal cavity) of test- and control-group ferrets

immunized with 10.0 pg of control HA without adjuvant
and those that were given PBS (P = 0.001) (Fig. 4a).

We confirmed, using MNA, that a double vaccination
with Kazfluvac® in three different dosages provided a 100%
seroconversion in all animal groups, including the one
immunized with control HA (Fig. 4b). The GMT in mice
immunized with a vaccine containing 2.5 pg of HA was sig-
nificantly different (P = 0.03) from that of mice vaccinated
with 10.0 pg of HA. The group of mice vaccinated with 5.0
pg of HA per dose had a significantly different GMT (P =
0.004) from the group that received PBS. Also, a significant
difference (P = 0.001) was observed between groups of mice
vaccinated with 10.0 pg of HA and the control group.

The protective efficacy of the vaccine after two immu-
nizations was tested by challenging mice with influenza
virus strain A/chicken/Astana/6/2005 (H5N1) and moni-
toring their general health, neurological state, body weight
and survival in comparison to the control group for 14
days (Fig. 5). The average body weight in the groups vac-
cinated with 2.5 pg and 5.0 pg of HA per dose decreased
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Fig.4 Immune response in mice 600+
vaccinated with Kazfluvac®.
Vaccine preparations containing
2.5 pg, 5.0 pgor 10.0 pg of HA
with adjuvant or control agents
were injected twice at an inter-
val of 14 days, and antibody
titers were determined by HAI
(A) and MNA (B). GMT values
of antibodies were dependent
on the amount of HA in the vac-
cine formulation. The analysis
of GMT values was performed
using the Turkey multiple com-
parison test
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Fig.5 Dynamics of body weight gain in vaccinated and challenged
mice. Animals were challenged 14 days after the second vaccination
with A/chicken/Astana/6/05 (H5N1). (A) Average weight in grams.
(B) Percentage variance in body weight. (C) Survival rate of chal-
lenged mice over a period of 14 days. Survival curves of all immu-

considerably from days 5 to 12. The group inoculated with
control HA showed a declining trend from days 1 to 10. In
spite of significant loss of body weight at the beginning,
by the end of the observation period, the animals in all test
groups, unlike the control group, gained weight. Starting on
day 8, fatalities were observed in the control group (Fig. SA
and B). None of the mice vaccinated with Kazfluvac®, irre-
spective of the antigen load, lost weight during the whole
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nized groups compared to control group. (D) Demonstration of a
protective effect of Kazfluvac® in vaccinated animals in terms of the
viral load in the lungs, spleen, and brain on the day of death due to
challenge virus infection. We determined the virus load in dead mice
of the control group and in those immunized with 2.5 pg of HA

observation period of 14 days, and in fact gained 0.6-3.5 g
by the end of the experiment. We observed a larger gain in
body weight in mice immunized with larger doses of the
vaccine. A similar pattern was observed in immunized mice
in the uninfected control group, but their body weight at the
end of the experiment had increased by a negligible amount
(0.8 g). The maximum average body weight was observed in
the group vaccinated with 10.0 pg of HA per dose was 29.7
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g, whereas the maximum average weight in the control group
was 22.5 g. Weight loss in the control group started on day
3 and reached a peak on day 7 (5.1 g) due to marked clini-
cal signs including loss of appetite. An analysis of the body
weight pattern in challenged mice (one-way analysis, Dun-
nett’s test) showed significant differences in all test groups
versus the control group (P = 0.0001).

We demonstrated a protective effect of Kazfluvac® on
animals challenged with influenza virus, except in the group
immunized with 2.5 pg of HA, in which one animal died
on the third day and one on the fourth day of observation
(Fig. 5C). The unimmunized control group had a mortality
rate of 50%, with deaths of mice occurring from day 3 to
day 8 after challenge. Before death, animals in this group
exhibited signs of hypodynamia, disheveled hair, tachypnea,
and lack of appetite. Necropsy of these mice revealed signs
of acute congestive hyperemia of the lungs, subcutaneous
tissues, liver, and kidneys with acute endoenteritis and pete-
chial hemorrhages in the mucosa of the small bowel in some
mice, all of which are typical of acute infection. We analyzed
the survival curves of all test groups versus the control group
using the logrank test and found statistically significant dif-
ferences (P = 0.009) (Fig. 5C).

We determined the virus load in dead mice from the con-
trol group and the group immunized with 2.5 pg of HA by
sampling their lungs, spleen, and brain using 10-day-old
chicken embryos for titration. The amount of infectious virus
in mice immunized with 2.5 pg of HA was insignificant,
from 1.45 + 0.22 log EIDyy/ml to 1.50 + 0.33 log EIDsy/ml,
and it was found only in the lung samples (Fig. 5D). In con-
trol animals, we observed a generalized course of infection
with high titers of virus detected in all body organs, with
the largest amount of virus accumulating in the lungs (from
1.95 + 0.28 log EIDsy/ml to 5.00 + 0.42 log EID5,/ml). All
control mice were dead on the tenth day after challenge due
to generalized infection of vital organs (Fig. 5D).

Discussion

The high prevalence of H5N1 influenza virus in domestic
and wild birds in Asia and its extremely high mortality in
infected humans warrant the development of a potent vac-
cine and the production of national vaccine stocks to prevent
potential pandemics [20, 21]. According to WHO recom-
mendations, each country should develop its own vaccines
and enlarge its production capacities. In recent years, the
Research Institute for Biological Safety Problems (RIBSP)
of the Ministry of Education and Science of Kazakhstan
has conducted studies directed towards the development of
vaccines for pandemic and seasonal influenza to be used in
Kazakhstan’s disease prevention programs. The quality of
RIBSP’s Kazfluvac® is not inferior to that of European or

@ Springer

American vaccines. Reports from 2004-2008 have described
newly developed inactivated whole-virion vaccines for avian
influenza A (H5N1) virus derived from the recombinant
strain NIBRG-14 (Biken, Japan), a recombinant HSN1strain
(GSK Biologicals, Canada-Germany), and recombinant
strain NIBRG-14 (Nobilon International BV, the Nether-
lands), as well as a surface-inactivated antigen vaccine from
strain A/Vietnam/1203/2004/ (H5N1) (Novartis Vaccines &
Diagnostics [V&D]) and others [11, 22-25]. Conducting all
stages of research to develop the vaccine in line with inter-
national standards, RIBSP from Kazakhstan produced its
vaccine at almost the same time as the EU, USA and Russia
produced theirs [26].

Mouse and ferret models are widely used for studies of
the pathogenicity of avian influenza viruses in mammals,
and their use can usually help to predict the pandemic
potential of such viruses and aid in the design of advanced
methods for prevention and potential treatment of pandemic
influenza virus H5N1 infections [16, 27-35]. We examined
the protective effect and safety of Kazfluvac® containing
different amounts of antigen in ferrets and mice.

The protection provided by influenza vaccines is based
on the induction of virus-neutralizing antibodies, mainly
against the surface hemagglutinin protein [20, 31]. Previous
studies have indicated that adjuvant-based vaccines possess
a higher level of immunogenicity than non-adjuvant-based
ones [34-38]. The adjuvant used in Kazfluvac® is aluminum
hydroxide. The use of this adjuvant increases the immuno-
genicity of vaccines to a great extent and allows the antigen
dose to be reduced, which in turn reduces the vaccine’s reac-
togenicity. The results of our double intramuscular immuni-
zation study showed that the vaccine induced serum antibod-
ies in 100% of animals.

In the course of the study, we optimized the dosage of
Kazfluvac®. Using an HAI test, we determined that the vac-
cine preparations with lower concentrations of HA per dose
(3.75 pg and 7.5 pg) were sufficient to protect ferrets against
a challenge infection. A similar antibody response in mice
was induced by Kazfluvac® with an antigen load of 10.0 pg
per dose, as determined by HAI and MNA tests.

Homologous challenge has been used in virus efficacy tri-
als of influenza candidate vaccines to study protectiveness of
the vaccine in outbred animals. The spread of HSN1 disease
may become uncontrollable throughout a vast area and may
threaten the biosafety of a large number of countries, including
the Republic of Kazakhstan. In selecting a vaccine strain to
develop the Kazfluvac® vaccine against HSN1, we conducted
a phylogenetic analysis of influenza virus strains A/domes-
tic goose/Pavlodar/1/05, A/chicken/Astana/6/05, A/chicken/
NKR/5/05 (H5N1), which were isolated from infected birds
in 2005 during epizootic outbreaks in Kazakhstan [5, 39]. All
of these strains are endemic in the Republic of Kazakhstan. A
comparison of the amino acid sequences of the HA genes of
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these three strains and those of vaccine strains of HSN1 recom-
mended by WHO for human vaccine production showed that
the Kazakhstani strain most similar to recommended strains
is A/chicken/Astana/6/05 (HSN1) [5, 39]

Influenza virus strain A/chicken/Astana/6/05 (HSN1) was
therefore selected as the source of surface antigens to pro-
duce a vaccine candidate strain that is appropriate for use in
Kazakhstan, using reverse genetics. The HA of this virus con-
tains a motif of repetitive basic amino acids in the cleavage site
of HA, which determines its high virulence in humans. Ferrets
and a group of mice receiving a vaccine preparation contain-
ing 5.0 and 10.0 pg of HA per dose were protected against
challenge with the homologous influenza virus, A/chicken/
Astana/6/05 (H5N1), as indicated by the absence of clinical
signs of disease and weight loss [5, 35]. Human-equivalent
doses did not cause any clinical signs or loss of body weight
in ferrets. Our study showed that Kazfluvac® provides a high
degree of protection and prevents clinical signs and mortality
in vaccinated ferrets. The correlation in ferrets between body
weight and the amounts of HA in the preparation is another
indication of the protective efficacy of the vaccine. The loss
of body weight in vaccinated ferrets did not exceed 0.8%,
whereas unimmunized control ferrets lost 5.9% of their body
weight on days 3-6 after challenge. It should be noted that a
similar degree of protection was demonstrated in ferrets using
a pandemic HIN1 vaccine developed earlier by RIBSP [40].

Experiments in mice showed that all of the dosages of
Kazfluvac® that were tested, when co-administered with or
without adjuvant provided high levels of protection in mice
that were challenged with epizootic virus and prevented
clinical signs and mortality. Our results demonstrate that
the adjuvant-based Kazfluvac® is an effective vaccine for
H5NI1 influenza that induces a specific immune response to
HS5NT1 in animal models. The results of this study and previ-
ous research findings allow us to recommend Kazfluvac® for
clinical studies.
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