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Abstract
Background and Aims: Influenza vaccination is one of the best way to prevent and control
influenza worldwide. It is manufactured by WHO-licensed companies based on the WHO
expertise committee annually. The aim of this study was partial quality control of the
commercial human influenza vaccine 2008-9 and its matching with the circulating strains.
Materials and Methods: The trivalent imported vaccine was cultured in bacterial and fungal
media, injected to the mice and inoculated into the allantoic cavity of Embryonated Chicken
Eggs (ECEs). Hemagglutination-Inhibition (HI) assay was carried out on pre and post
vaccination serum samples. The bacterial endotoxin was assessed by LAL assay. The
Hemagglutinin (HA) content of the vaccine was measured using SRID. Heterogenecity of the
circulating influenza strains during 2008-9 seasons in Tehran in comparison to the vaccine
strains was determined.
Results: No bacterial contamination and no occurrence of mortality and morbidity in animal
was observed. The mean fold increase of HI antibody titer in subjects without previous
vaccination for H1N1, H3N2 and B strains were 6.7, 3.3 and 1.8 respectively, while in
subjects with previous vaccination were 4, 1.6 and 1.1 for same strains. Amino acid variation
was found in Tehran H1N1 isolates but the H3N2 isolates showed higher genetic
resemblance to the 2008-9 vaccine strain.
Conclusion: The sterility, safety, and efficacy of the vaccine were approved and there was
some variation in A/H1N1 but not in A/H3N2 isolates in comparison with the vaccine strain.
Keywords: Human influenza vaccine; Phylogenetic Analysis; Hemagglutination-Inhibition
(HI)

Introduction

I

nfluenza virus is a globally important
respiratory pathogen causing a high degree
of morbidity and mortality annually.
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Influenza viruses are divided into three types
A, B and C on the basis of antigenic
differences of internal proteins, nucleoprotein
(NP) and matrix protein (M).Type A viruses
are further classified based on two external
glycoproteins hemagglutinin (HA) and
neuraminidase (NA) (1). Vaccination before
the start of the influenza season is the best way
to prevent and control the disease worldwide
(2). The vaccine is trivalent based on the
predicted circulating strains, two subtypes of
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influenza A (H1N1 and H3N2) and an
influenza B virus recommended by the World
Health Organization (WHO). Two kinds of
human influenza vaccine, inactivated and live
attenuated, are commercialized. Inactivated
vaccines are produced by propagation of
strains of influenza virus in embryonated eggs
or in mammalian cells (1). There are three
predominant types of inactivated influenza
vaccines: whole virus, Split and subunit
formulation
which
are
administered
intramuscularly or subcutaneously. The split
vaccines are widely used for seasonal
vaccination (3). The aim of this study was
partial quality control of the inactivated split
human influenza vaccine 2008-9.

Methods
Efficacy of vaccine:
Efficacy of the vaccine was evaluated by
analyzing antibody induced by the vaccine in
animal models as well as in vaccinated people
(4).
Human samples: Blood samples were
collected from 11 individuals before and 3
weeks after vaccination. Hemagglutination
Inhibition (HI) assay was performed on sera
according to WHO protocol (5). Two
parameters were investigated to evaluate
humoral immune response against influenza
vaccine: the geometric mean titre (GMT) of
HI antibody and the mean-fold increase in
antibody titres (MFI) (6). Subjects were
grouped based on previous year vaccination.
Animal model: 6-8 week-old female Balb/c
mice (Animal Facility, Pasteur Institute of
Iran) were immunized intramuscularly twice at
a 3-weeks interval with 0.1 ml of the human
influenza vaccine. Control mice received 0.1
ml PBS. Blood samples were collected from 10
mice in each group at days 10 and 21 after the
first dose and day 10 after the second dose of
the vaccine. The sera were stored at -20° C to
be used for HI assay. The amount of antibodies
against influenza hemagglutinin was measured
in sera according to the WHO protocol with a
small modification. To eliminate non-specific
reactions of the mice sera, heat-inactivated
serum was adsorbed to 3 volumes 25% of
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kaolin/PBS solution and incubated at room
temperature for 20 min. After centrifugation
(6500×g for 2 min), the supernatant was used
for assays (7,8). A twofold serial dilution of
kaolin-treated sera was made in 96-well U
bottom plate. Subsequently, 50 µl of 4
hemagglutinin unit (HAU) of viral suspension
was added to each well followed by incubation
at room temperature for 40 min. Finally, 1%
chicken red blood cell (RBC) suspension (50
µl) was added and HI titres were determined
after 1 h incubation at room temperature. HI
antibody titres were expressed as the reciprocal
of the highest serum dilution producing
complete inhibition of hemagglutination.
Heterogenecity of circulating influenza
strains during 2008-9 season in comparison
to the vaccine strains:
Nasopharyngeal swabs (n=142) were collected
from patients with influenza and influenza-like
illness referred to three medical centers in
Tehran. Typing and subtyping of the isolates
were performed using multiplex RT-PCR and
phylogenetic analysis was carried out for
hemagglutinin genes of the influenza virus (9).
Safety of the vaccine:
To evaluate safety of the influenza vaccine, 1
dose of it (0.5 ml) was injected
intraperiotenally to each of 5 healthy mice and
2 healthy guinea-pigs followed by 7 days
observation.
Residual infectious virus in the inactivated
influenza vaccine: 0.2 ml of the vaccine was
inoculated into the allantoic cavity of each of
10 embryonated chicken eggs (ECES) and
were incubated at 35˚C for 3 days. 0.5 ml of
the allantoic fluid from each surviving embryo
was harvested and pooled. 0.2 ml of the pooled
fluid was inoculated into a further 10 fertilised
eggs and were incubated at 35˚C for 3 days.
Finally 0.1 ml of the allantoic fluid from each
surviving embryo was harvested and examined
individually for the virus titration by
Heamagglutination assay.
Sterility of the vaccine: FTM (Fluid
Thioglycollate Medium) and SCDM (Soybean
Casein Digest Medium), two standard and
commercial media,were used to determine
anaerobic and aerobic bacteria and fungi
contaminationof the final products. Since the
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Table 1. HI antibody response according to viral strain.
Vaccine strain

HI
GMT
Pre Vac

titers,

MFI
(Mean Fold Increase)

Po
st Vac
Subjects with previous vaccination (7/11)
H1N1

262.50

951.36

4

H3N2

195.04

353.30

1.6

B

97.52

107.67

1.1

Subjects without previous vaccination (4/11)
H1N1

113.13

640

6.7

H3N2

134.54

452.54

3.3

B

67.27

113.13

1.8

Pre Vac: prevaccination; Post Vac: postvaccination

influenza
vaccine
is
propagated
in
embryonated chicken eggs, RAPPAPORT
medium is necessary to confirm the absence of
Salmonella in the vaccine. Thus, to evaluate
the sterility, the vaccine was inoculated in
FTM, SCDM and RAPPAPORT medium
incubating at 37°C (to detect bacteria) and
25°C (to detect fungi) for 14 days (10, 11).
Hemagglutinin content of the vaccine: The
content of hemagglutinin antigen of H3N2
subtype in the vaccine was determined by
single radial immunodiffusion (SRID) assay
(12). Sheep anti A/Brisbane/10/2007/H3N2
antibody and standard A/Brisbane/10/2007/
H3N2 antigen were used as reference antibody
and antigen, respectively. Samples were
diluted and loaded into wells of 1% agarose gel
containing anti-HA sheep reference antibody
and allowed to diffuse for 18-30 hour in moist
chamber. Then, the agarose gel was incubated
in PBS for 30 min to remove un-bound
proteins, dried and stained with Coomassie
blue. The antigen-antibody precipitation ring's
diameter was measured (13,14).
Bacterial Endotoxin Assay: The vaccine was
assayed for endotoxine content using a limulus

amebocyte lysate (LAL) assay (Lonza) kit
according to the manufacturer's instructions.
The vaccine was diluted using the negative
control solution as diluent. The vaccine
dilutions were added into the test vials
containing lysate. After mixing and 1 hour of
incubation at 37°C in a water bath, the tubes
were gently inverted. Formation of a firm gel
was considered a positive result. A weak gel
which could break was scored ±, whereas
watery fluid result was designated as negative
(15).

Results
Efficacy
Human samples: In subjects without
previous vaccination (36.36%) MFI was
calculated 6.7, 3.3 and 1.8 for H1N1,
H3N2 and B subtypes, respectively while
the subjects with previous vaccination who
had high pre-immunisation antibody
levels, the MFI was 4, 1.6 and 1.1,
respectively (Table1). These data shows
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Table 1. Serum HI antibody titers against influenza vaccine strains in BALB/c mice.

higher antibody response against A/ H1N1
subtype than A/ H3N2 and B.
Animal Model: HI antibodies against all three
strains of the virus were detected at day 10 and
increased up to day 20 after the first dose of

Fig.
1.
SRID
assay
of
A/Brisbane/10/2007/H3N2
antigen
in
inactivated split human influenza vaccine
2008-9. Detergent-disrupted and diluted
reference antigen and vaccine were added to
wells of 1% agarose gel containing anti-HA
sheep reference antibody. SRID responses
and the resulting dose response graph are
shown.
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vaccine.
The
second
immunisation
significantly boosted the HI antibody response.
HI titres were presented as GMT of 10 mice
per sampling point. Control mice received only
PBS, exhibited HI titre<40 (Table 2).
Molecular evaluation: Fifty out of 142
samples were positive for influenza A virus,
and no influenza B virus was detected. Out of
those 50 positive samples, 15 H1N1 and only 2
H3N2 were detected. Phylogenetic analyses
revealed that the A/H1N1 isolates were related
closely to A/Brisbane/59/2007, and the
A/H3N2
isolates
were
close
to
A/Brisbane/10/2007 vaccine strains.
Sterility of the vaccine: No growth of
microorganisms (bacteria or fungi) was
observed following culture of the vaccine in
FTM Medium and SCDM as well as
RAPPAPORT medium. Bacterial endotoxin
test indicated that the vaccine was endotoxin
free.
Safety of the vaccine: Evaluation of safety in
animal model revealed no occurrence of
mortality, signs of illness or weight loss in any
of the examined animals. Also surviving
embryos in the inoculated ECEs and negative
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HA results, revealed lack of infectious virus in
the vaccine.
Hemagglutinin content of the vaccine:
The HA content of A/Brisbane/10/2007/H3N2
antigen in the vaccine was measured by
comparing the dose-response slope of the
graph showing diffusion zones (Fig. 1). Both
vaccine and reference antigens gave clearly
defined diffusion zones, with the size of the
zones (diameter2) reflecting HA concentration.

Discussion
Vaccination has usually direct effect on
induction of protective immunity in vaccinated
people leading to social protection by
reduction of the disease transmission among
individuals. The vaccine efficiency to induce
protection is assessed in different ways
including detection of antibodies and
increasing the GMT after receiving the
vaccine. Induction of antibody against the
circulating influenza strains is considered as a
good sign of the vaccine efficiency (16).
Previous studies have shown that preferential
induction of antibodies against one of the three
virus strains may occur in the elderly (17, 18).
In this study more significant increase in
immune response was observed against
H1N1strain compared with H3N2 and B
strains. The greater antibody response to the
H1N1 strain may be a result of repeated natural
exposure to the similar viruses previously.
Measurement of the antibody produced by
vaccination in animal model is another way to
evaluate the effectiveness of influenza vaccine
(19). lncreased titers of antibodies against all
three vaccine strains in the vaccinated BALB/c
mice show the effect of the vaccine on
induction of the immune response.
According to recent surveys presence of
endotoxin in influenza vaccines is a serious
factor to increase the production of antibody
against unrelated antigens. It is known that
ability of endotoxin to increase the
permeability of the blood-brain barrier, may
allow proteins having destructive neurogenic
effects to enter into the nervous system. These
factors effect on autoimmune conditions
induced by vaccination and emergence of

Guillain-Barre syndrome (20, 15). Negative
result of endotoxin test confirmed the absence
of endotoxin in the evaluated vaccine.
Safety is an important issue for a vaccine. Live
attenuated vaccines were considered as a threat
for vaccinated people since they are not killed
or incomplete detoxification may cause some
problems (21). In order to confirm the
complete inactivation of the viruses, the
vaccine was inoculated into Embryonated
Chicken Eggs. Our results indicated the
absence of residual infectious virus in the
vaccine. In addition, safety test on animal
model and lack of clinical symptoms
confirmed harmless of the vaccine.
SRID is a technique for measurement of
soluble antigens by precipitation in semi-solid
medium containing specific antibodies. SRID
is more suitable to measure hemagglutinin
contents of split and subunit vaccines since it
does not depend on the physical status of the
antigen whether it is soluble or is assembled as
a whole vaccine (22, 23). A further advantage
of the SRID technique is that no cross-reaction
between HA antigen of different influenza
types or subtypes has been observed in this test
(24, 23). In this project, antigen concentration
of H3N2 strain in the vaccine was evaluated
using standard antigen and antibody associated
with the same strain taken from NIBSC and by
comparing the dose-response slope of the
vaccine with the reference antigen.
Analysis of the circulating influenza virus and
identification of antigenic variation has an
important role to determine the vaccine strains
annually. Each year, WHO recommends the
most suitable composition of the influenza
vaccine strains for the next season based on
information
gathered
from
reference
laboratories around the world (25). Since the
HA1 subunit of hemagglutinin protein is an
important factor in virus binding to epithelial
cells and as target antigen for antibodies,
evaluation of antigenic drift in this section is
necessary (26). It was demonstrated that the
A/H1N1 was predominant subtype of human
influenza virus among the studied patients in
Tehran during 2008-9 winter season. In
addition, some amino acid variation was found
in Tehran/2008/H1N1 isolates from the 2008-9
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vaccine strain but the H3N2 isolates showed
higher genetic resemblance to the vaccine
strain (9).

References
1. Cox RJ, Brokstad KA, Ogra P. Influenza Virus:
Immunity and Vaccination Strategies.Comparison
of the Immune Response to Inactivated and Live
Attenuated Influenza Vaccines. Scand. J. Immunol
2004;59:1-15.
2. Hilleman MR. Enigmas of human viral
influenza: pathogenesis, epidemiology and control.
Vaccine. 2002;20:3068-3087.
3. Hagenaars N, Mastrobattista E, Glansbeek H,
Heldens , Bosch HVD, Schijns V, Betbeder D,
Vromans H. Head-to-head comparison of four
nonadjuvanted inactivated cell culture-derived
influenza vaccines: Effect of composition,spatial
organization and immunization route on the
immunogenicity in a murine challenge model.
Vaccine. 2008;26(51):6555-6563.
4. Goodwin K, Viboud C, Simonsen L. Antibody
response to influenza vaccination in the elderly: A
quantitative review. Vaccine. 2006;24:1159-1169.
5. WHO/CDS/CSR/NCS/200205. WHO Manual on
Animal Influenza Diagnosis and Surveillance.
6. Beyer WEP, Palache AM, Lüchters G, Nauta J.
Seroprotection rate, mean fold increase,
seroconversion rate: which parameter adequately
expresses seroresponse to influenza vaccination?
Virus Res. 2004;103:125-132.
7. Geeraedts F, Goutagny N, Hornung V, Severa
M, Haan AD, Pool J, Wilschut J, Fitzgerald KA.
Superior Immunogenicity of Inactivated Whole
Virus H5N1 Influenza Vaccine is Primarily
Controlled by Tolllike Receptor Signalling. PLoS
Pathogens. 2008; 4(8):1-8.
8. Park SA, Song ES, Cho YJ, Ahn BY, Ha SH,
Seong BL, Lee KH, Lee NG. Immun responses of
mice to influenza subunit vaccine in combination
with CIA07 as an adjuvant. Microbiol Immunol.
2007;51(11):1099-1107.
9. Mousavi SF, Hosseini SM, Taghizadeh M,
Fotouhi F, Heydarchi B, Bashar R, et al.
Phylogenetic Analysis of the Influenza Vaccine
Strains with 2008-2009 Outbreak in Tehran, Iran.
Iran J Med Sci. 2011;36(3):172-177.
10. OIE. 2008. Tests for sterility and freedom from
contamination of biological materials.
11 The United States Pharmacopeia. 2006. sterility
tests.
12. Williams MS. Single-radial-immunodiffusion
as an in vitro potency assay for human inactivated

6

Iranian Journal of Virology, Volume 6, Number 2, 2012

viral vaccines. Vet. Microbiol. 1993;37(3-4):253262.
13. Bright R A, Carter D M, Daniluk Sh, Toapanta
F R, Ahmad A, Gavrilov V, et al. Influenza viruslike particles elicit broader immune responses than
whole virion inactivated influenza virus or
recombinant
hemagglutinin.
Vaccine.
2007;25:3871-3878.
14. Shoji Y, Chichester J A, Bi H, Musiychuk K,
Rosa P D L, Goldschmidt L, et al. Plant-expressed
HA as a seasonal influenza vaccine candidate.
Vaccine. 2008;26:2930-2934.
15. Geier MR, Geier DA. Influenza vaccination and
Guillain Barre syndrome. Clinic Immunol.
2003;107:116-121.
16. Hannoun C, Megas F, Piercy J.
Immunogenicity and protective efficacy of
influenza
vaccination.
Virus
Research.
2004;103:133-138.
17. McElhaney JE, Meneilly G, Lechelt K,
Bleackley RC. Splitvirus influenza vaccines: do
they provide adequate immunity in the elderly? J.
Gerontol Med Sci. 1994;49:37-43.
18. Baldo V, Menegon T, Bonello C, Floreani A.
Comparison of three different influenza vaccines in
institutionalised elderly. Vaccine. 2001;19:34723475.
19. Lu X, Tumpey TM, Morken T, Zaki S, Cox NJ.
A Mouse Model for the Evaluation of Pathogenesis
and Immunity to Influenza A (H5N1) Viruses
Isolated from Humans. J Virol. 1999;73(7):59035911.
20. Eckman PL. Studies on the blood brain barrier.
Am J Pathol. 1958;34:631-643.
21. Metz B, Hendriksen CFM, Jiskoot W, Kersten
G. Reduction of animal use in human vaccine
quality control: opportunities and problems.
Vaccine. 2002;20:2411-2430.
22. Rodda SJ, Gallichio H, Hampson A. The Single
Radial Immunodiffusion Assay Highlights Small
Antigenic Differences Among Influenza Virus
Hemagglutinins. J Clin Microbiol. 1981;14(5):479482.
23. Wood JM, Kawaoka Y, Newberry LA,
Bordwell E, Webster RG. Standardization of
Inactivated H5N2 Influenza Vaccine and Efficacy
Against Lethal A/Chicken/Pennsylvania/1370/83
Infection. Avian Dis. 1977;29(3):867-872.
24. Schild GC, Aymard MH, Pereira HG. A
Quantitative, Single-radial-diffusion Test for
Immunological Studies with Influenza Virus. J gen
ViroL. 1972;16:231-236.

25. Hay AJ, Gregory V, Douglas AR, Lin YP. The
evolution of human influenza viruses. Phil Trans R
Soc Lond. 2001; 356: 1861-1870.
26. Daum L, Canas LC, Smith BC, Klimov A, Huff
W, Barnes W. Genetic and antigenic analysis of the

first A/New Caledonia/20/99-like H1N1 influenza
isolates reported in the Americas. Emerg Infect
Dis. 2002;8(4):408-412.

Downloaded from journal.isv.org.ir at 23:01 +0330 on Tuesday October 15th 2019

[ DOI: 10.21859/isv.6.2.1 ]

Mousavi SF et al

Iranian Journal of Virology, Volume 6, Number 2, 2012

7

