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The influenza pandemic of 2009
demonstrated the inability of the

established global capacity for egg-based
vaccine production technology to provide
sufficient vaccine for the population in a
timely fashion. Several alternative tech-
nologies for developing influenza vaccines
have been proposed, among which non-
replicating virus-like particles (VLPs)
represent an attractive option because of
their safety and immunogenic character-
istics. VLP vaccines against pandemic
influenza have been developed in tobacco
plant cells and in Sf9 insect cells infected
with baculovirus that expresses protein
genes from pandemic influenza strains.
These technologies allow rapid and large-
scale production of vaccines (3–12 weeks).
The 2009 influenza outbreak provided
an opportunity for clinical testing of a
pandemic influenza VLP vaccine in the
midst of the outbreak at its epicenter in
Mexico. An influenza A(H1N1)2009
VLP pandemic vaccine (produced in insect
cells) was tested in a phase II clinical trial
involving 4,563 healthy adults. Results
showed that the vaccine is safe and
immunogenic despite high preexisting
anti-A(H1N1)2009 antibody titers pre-
sent in the population. The safety and
immunogenicity profile presented by this
pandemic VLP vaccine during the out-
break in Mexico suggests that VLP tech-
nology is a suitable alternative to current
influenza vaccine technologies for pro-
ducing pandemic and seasonal vaccines.

The First Pandemic
of the 21st Century

For many years, experts from around the
globe have been warning of the risk of an

influenza pandemic and the need for
pandemic vaccines.1 Although the world’s
attention had been focused for more than
a decade on H5N1 viruses as a pandemic
threat, in April–May 2009, a new influ-
enza A(H1N1) virus caused an outbreak
in Mexico and the US. By May 18, 40
countries had officially reported labora-
tory-confirmed cases of the new virus and
on June 11, the first influenza pandemic
of this century was declared.2 In Mexico,
the influenza pandemic occurred in three
waves, all in 2009: the first in April–May,
the second in June–July and the third
in August–December.3 Associated with
these three waves, an 11.1 excess all-
cause deaths per 100,000 population and
445,000 y of life lost was reported, with
a pandemic mortality burden 0.6–2.6
times that of a typical influenza season.
Comparison of these data with available
estimates from other countries shows
that Mexico experienced a higher 2009 A
(H1N1) pandemic mortality burden than
most other countries.4

In response to the emergency, the main
influenza vaccine producers as well as new
manufacturers from China, Thailand,
India and South America developed
pandemic H1N1 influenza vaccines using
embryonated chicken eggs (egg techno-
logy). Despite these efforts, monovalent
vaccines were not ready for distribution
until September 2009 and initial supplies
were insufficient to have an impact on
the bulk of the cases that occurred in the
northern hemisphere.5 At the pandemic
epicenter, the inactivated vaccine was not
available until October 5 in the US2 and
until November 27 in Mexico (by which
time the third wave was waning).3,6 Thus,
the 2009 influenza outbreak revealed the
inability of the established global capacity
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for egg-based vaccine production techno-
logy to provide enough vaccines for the
population within an appropriate time.

2009 Influenza Pandemic Vaccines
Produced Using Egg Technology

The current pandemic influenza A
(H1N1)2009 vaccines approved by the
US Food and Drug Administration and
the European Medicines Agency were pro-
duced using egg technology and are com-
posed of adjuvanted or non-adjuvanted
inactivated detergent-split virion subunits
of hemagglutinin (HA), purified HA and
neuraminidase (NA), or of inactivated
whole virion, or of live attenuated virus.5

Several studies around the world tested
the immunogenicity, safety and tolerabil-
ity of these vaccines. A meta-analysis of
these studies that pooled data from
randomized clinical trials registered up to
April 2011 (including more than 20,000
subjects) showed that for all A(H1N1)
2009 split/subunit inactivated vaccines, a
course of two doses was highly immuno-
genic and fulfilled the seroconversion
criteria. After one dose, all split/subunit
vaccines were immunogenic ($ 70%) in
adults and adolescents, while only non-
adjuvanted vaccines at high doses and
oil-in-water adjuvanted vaccines showed
acceptable results for children and the
elderly. Vaccines with oil-in-water adju-
vants were more immunogenic than either
non-adjuvanted or aluminum-adjuvanted
vaccines.7

Nevertheless, a recent analysis of studies
of the performance of egg technology
influenza vaccines from the past 44 years
questions the evidence for the effective-
ness of these vaccines and points out the
need for better vaccines.8 Furthermore,
because of the inability of egg-based
manufacturing systems to produce an
adequate vaccine supply for a pandemic
outbreak, and given that a pandemic
could threaten the availability of egg sub-
strate, it has been suggested that alterna-
tive influenza vaccines that do not rely
on egg substrates should be developed.
Therefore, several other technologies for
developing influenza vaccines have been
proposed; among these, nonreplicating
VLPs represent an attractive option
because of their characteristics.9

Virus-Like Particles

VLPs are nanoparticles composed of a
noninfectious subset of viral components
that mimic the wild-type virus structure
but lack viral genetic material, thereby
presenting a whole but inactive virus
particle to the host. VLP molecular arrays
are also exploited as platforms for hetero-
logous antigen expression for viruses
including hepatitis B capsid (HBV),
papillomavirus, hepatitis E virus, cowpea
mosaic virus, alfalfa mosaic virus, bacterio-
phage Qβ capsid, bacteriophage MS2–
2MS2, flock house virus, tobacco mosaic
virus and papaya mosaic virus (PapMV)
(reviewed by Plummer and Manchester).10

Immunogenicity of and Immunity
Induced by VLP Vaccines

VLPs express a repetitive and organized
molecular array not found in host tissues
and therefore suitable for activating the
host immune system. The VLP proteins,
or the molecules attached to the VLP
surface, can bind pattern recognition
receptors on innate immune cells, trigger-
ing innate immunity. The ligand-receptor
interaction is favored by the molecular
array presented by the VLP structure.11

VLP platforms have been identified as
efficient tools for translating innate res-
ponses into long-lasting antibody res-
ponses.12 Efficient activation of innate
responses often leads to efficient antigen
processing and presentation to T cells,
promoting efficient antigen-specific T-cell
responses. T-cell responses help the deve-
lopment of B cell and antibody responses.13

In addition, these molecular arrays are
potent inducers of type 2 T-independent
B-cell responses by efficiently cross-linking
B-cell receptors. Thus, these kinds of
molecular arrays favor the development of
robust immune responses.14

However, despite the strong immuno-
genicity shown by these VLPs, not all are
able to induce long-lasting immunity.
To achieve this, VLPs must contain the
correct antigens in the right combination.
In addition, other factors such as VLP
particle size, geometry, the density of
epitopes expressed on the surface, the
presence of pathogen-associated molecular
patterns, the route of immunization and the

pharmacokinetics and pharmacodynamics
of the VLP vaccine have been proposed to be
important in inducing long-lasting immu-
nity.15 These factors should be considered
when generating efficient VLP vaccines
that maximize immunogenicity without
compromising safety and tolerability.

VLPs as Pandemic
Influenza Vaccines

VLPs formed from non-influenza proteins
expressing influenza peptides have been
used to generate a candidate influenza
vaccine. Platforms including HBV, AP205
bacteriophage and PapMV expressing
influenza M2 peptides have been used
in the search for a universal vaccine.10,16

However, these approaches have the limi-
tation that they include only a restricted
array of peptides and could exclude several
important antigens from these proteins that
are important in inducing long-lasting
immunity. To avoid epitope immunogeni-
city restrictions, other VLP technologies
such as immune stimulating complexes,
liposomes and virosomes use complete
influenza proteins to induce immunity.10

VLPs can also be constructed with
influenza proteins (influenza VLPs) by a
self-assembly process incorporating struc-
tural proteins into budding particles.17

These VLPs have been produced using
insect cells [derived from the ovaries of the
fall armyworm Spodoptera frugiperda (Sf9)]
infected with recombinant baculovirus
carrying the HA, NA and Matrix 1 (M1)
influenza genes, leading to the expression
of these proteins and VLP formation.
These systems yield high expression levels
of recombinant proteins and allow sub-
sequent large-scale manufacturing of a
vaccine.18 VLPs produced in insect cells
are considered safer than other expression
systems because baculoviruses are found
in vegetables and are not able to replicate
in mammalian cells. In addition, the Sf9
cells are usually maintained in a serum-
free, animal product-free medium, can be
identified by karyotype and isoenzyme
analysis, are free of contaminating micro-
organisms, adventitious agents, retro-
viruses and have been shown to be
non-tumorigenic.18 These production
characteristics of VLPs support the view
that this technology is safe.
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Several pandemic recombinant influ-
enza VLP vaccines have been generated in
Sf9 cells infected with baculovirus vectors
expressing multiple influenza compo-
nents,19 either with the structural influenza
genes HA, NA, M1 and M2,20 with HA,
NA and M1 genes cloned into a single
baculovirus construct19,21-24 or with HA
and M1 proteins only.24,25 In addition,
VLPs that express the HA, NA and M1 of
various clades of the H5N1 subtype of
avian influenza with pandemic potential
have been produced.21 These VLPs have
been shown to be efficient inducers
of antibody and T-cell responses and
immunity in animal models;26 in ferrets,
a single immunization with a pandemic
influenza VLP vaccine induced higher
levels of antibodies than two doses of the
commercial split vaccine.27

Pandemic influenza VLP vaccines have
also been produced in tobacco plants.
With this technology, a VLP vaccine can
be developed within three weeks of the
release of the virus sequence informa-
tion.28 A plant-made VLP pandemic influ-
enza vaccine containing the HA protein
of H5N1 influenza (A/Indonesia/5/05)
was generated using transient expression
of influenza glycoproteins in Nicotiana
benthamiana. These VLPs were adjuvanted
with alum and their administration induced
cross-reactive antibodies, prevented patho-
logy and reduced viral loads following
heterotypic lethal challenge in ferrets. A
phase I clinical study of this VLP vaccine
was performed in healthy adults 18–60 y
of age who received two doses 21 d apart
of 5, 10 or 20 mg of alum-adjuvanted plant-
made VLP vaccine or alum as placebo. The
vaccine was well tolerated at all doses.
Immunogenicity results showed that sero-
conversion (16.7%, 25% and 58%, res-
pectively) and seroprotection (16.7%, 25%
and 50%, respectively) were achieved only
after the second dose. These data suggest
that plant-based VLP vaccines could be
an alternative method for developing
seasonal and pandemic vaccines.28

Pandemic Influenza VLP Vaccine
Tested at the Pandemic Epicenter

during the 2009 Outbreak

The central question for vaccines against
pandemic viruses is whether they will work

during a pandemic emergency. The on-
time availability of supplies of pandemic
influenza vaccine, its safety and immuno-
genicity profile, its efficacy—particularly
for high-risk groups such as children,
pregnant women and the elderly—and
the duration of vaccine-induced protection
during a pandemic situation are important
parameters that remain to be evaluated.

The 2009 influenza outbreak provided
the opportunity to test a pandemic VLP
vaccine in the midst of the pandemic and
at the outbreak epicenter. During the first
months of the 2009 pandemic influenza
outbreak, the lack of a vaccine and the
high mortality revealed in early figures
prompted Mexican health authorities to
search for alternative vaccine technologies.
In a collaborative effort, the Mexican
Social Security Institute (IMSS) (a
Mexican health-care institution that is
attended by approximately 40% of the
Mexican population), Avimex (a Mexican
company that produces influenza vaccines
for veterinary use) and Novavax (a US
biotechnology company) developed a
research protocol to test an A(H1N1)
2009 VLP pandemic influenza vaccine
developed by Novavax. The vaccine was
developed within 12 weeks of the release
of the virus sequence, using Sf9 insect
cells infected with a recombinant baculo-
virus, and was composed of 120 nm
diameter purified recombinant H1N1
VLPs, which morphologically resembled
influenza virions and exhibited HA and
NA activities. These VLPs were immuno-
genic and induced protection in ferrets.29

The vaccine clinical research protocol
was approved by the IMSS National
Research Committee and by the Mexican
Ministry of Health through the Federal
Commission for Protection Against Sanitary
Risk (COFEPRIS). From October 19,
2009, to March 5, 2010 (covering most
of the third pandemic wave in Mexico),
the safety and immunogenicity of one or
two doses of A(H1N1)2009 influenza
VLP vaccine composed of HA and NA
derived from A/California/04/2009(H1N1)
and M1 protein derived from A/Indonesia/
05/2005 H5N1 strain were evaluated in a
two-stage, phase II, randomized, double-
blind, placebo-controlled study conducted
in 4,563 healthy adults, 18–64 y of age.30 In
Part A, 1,013 subjects were randomized

into four treatment groups (5, 15, or
45 mg HA VLP vaccine or placebo) and
vaccinated twice 21 d apart, with sera
collected on days 1, 14 and 36 for
hemagglutination inhibition (HAI) test-
ing. After review of safety and immuno-
genicity data from Part A, in Part B
additional subjects were immunized with
a single dose of 15 mg VLP vaccine (n =
2,537) or placebo (n = 1,011) and
assessed for safety. Results showed that
the H1N1 2009 VLP vaccine was safe
and well tolerated. The VLP vaccine
groups generated robust HAI immune
responses after a single vaccination, with
high rates of seroprotection ($ 40 HAI
titer) in 82–92% of all subjects and in
64–85% of subjects who were seronega-
tive at the time of immunization.

The vaccine HAI reverse cumulative
distribution was similar for all doses
tested and in both young and elderly
individuals, a finding that differs from
other pandemic clinical trials.7 Serocon-
version was higher in the group without
preexisting antibodies than in the group
with preexisting antibodies; by contrast,
seroprotection titers were higher in the
group with preexisting antibodies than
in the group without. The high rate
of preexisting antibodies in the study
subjects (36–41%) is an important char-
acteristic of the herd immunity process
elicited by the pandemic virus. Despite
this, the VLP vaccine could induce
seroconversion in 43% (5 mg dose) to
71% (45 mg dose) and seroprotection in
88% (5 mg dose) to 95% (45 mg dose) of
people with preexisting antibody titers.
These data suggest that the VLP vaccine
efficiently boosted preexisting antibody
responses and that these antibodies did
not neutralize the vaccine effect. Inter-
estingly, no clear evidence of a further
boost was observed after the second dose
of vaccine. This was also observed using
other pandemic vaccines in adolescents,
adults and elderly individuals but not
in clinical trials with children.7 Further
studies are required to analyze these
phenomena.

This study has particular characteristics
that distinguish it from others: it was
performed in the midst of the 2009
influenza pandemic at the outbreak epi-
center and is one of the largest clinical
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trials performed testing an influenza A
(H1N1)2009 pandemic vaccine.

Overall, these data showed that by using
different expression systems, a safe and
immunogenic VLP vaccine to pandemic
influenza could be rapidly developed
(within 3–12 weeks) from influenza virus

genetic sequences to supply the vaccine
after the onset of a pandemic. In addition,
the pandemic influenza A(H1N1)2009
VLP vaccine safety and immunogenicity
profile revealed in the clinical trial per-
formed during the outbreak suggests
that this VLP technology is a suitable

alternative to current influenza vaccine
technologies to produce seasonal and
pandemic vaccines.

Financial Disclosure

C.L.M. is supported by IMSS grant: FIS/
IMSS/PROT/PRIO/11/013.

References
1. Fedson DS. Vaccine development for an imminent

pandemic: why we should worry, what we must do.
Hum Vaccin 2006; 2:38-42; PMID:17012898; http://
dx.doi.org/10.4161/hv.2.1.2554

2. European 2009 influenza pandemic timeline,
2010. (http://ecdc.europa.eu/en/healthtopics/H1N1/
Documents/110810_2009_pandemic_European_
Timeline.pdf).

3. Chowell G, Echevarría-Zuno S, Viboud C, Simonsen
L, Tamerius J, Miller MA, et al. Characterizing the
epidemiology of the 2009 influenza A/H1N1 pan-
demic in Mexico. PLoS Med 2011; 8:e1000436;
PMID:21629683; http://dx.doi.org/10.1371/journal.
pmed.1000436

4. Charu V, Chowell G, Palacio Mejia LS, Echevarría-Zuno
S, Borja-Aburto VH, Simonsen L, et al. Mortality burden
of the A/H1N1 pandemic in Mexico: a comparison of
deaths and years of life lost to seasonal influenza. Clin
Infect Dis 2011; 53:985-93; PMID:21976464; http://
dx.doi.org/10.1093/cid/cir644

5. Girard MP, Tam JS, Assossou OM, Kieny MP. The
2009 A (H1N1) influenza virus pandemic: A review.
Vaccine 2010; 28:4895-902; PMID:20553769; http://
dx.doi.org/10.1016/j.vaccine.2010.05.031

6. Vidal P, Reyna J, Saldaña P, Richardson VL. Events
temporarily associated with anti-influenza A (H1N1)
vaccination in Mexico. Arch Med Res 2011; 42:627-32;
PMID:22036935; http://dx.doi.org/10.1016/j.arcmed.
2011.10.007

7. Manzoli L, De Vito C, Salanti G, D’Addario M, Villari
P, Ioannidis JP. Meta-analysis of the immunogenicity
and tolerability of pandemic influenza A 2009 (H1N1)
vaccines. PLoS One 2011; 6:e24384; PMID:21915319;
http://dx.doi.org/10.1371/journal.pone.0024384

8. Osterholm MTKN, Kelley NS, Sommer A, Belongia
EA. Efficacy and effectiveness of influenza vaccines: a
systematic review and meta-analysis. Lancet Infect Dis
2012; 12:36-44; PMID:22032844; http://dx.doi.org/
10.1016/S1473-3099(11)70295-X

9. Kang SM, Song JM, Quan FS, Compans RW.
Influenza vaccines based on virus-like particles. Virus
Res 2009; 143:140-6; PMID:19374929; http://dx.doi.
org/10.1016/j.virusres.2009.04.005

10. Plummer EM, Manchester M. Viral nanoparticles and
virus-like particles: platforms for contemporary vaccine
design.Wiley Interdiscip Rev Nanomed Nanobiotechnol
2010:174-96.

11. Buonaguro L, Tornesello ML, Tagliamonte M, Gallo
RC, Wang LX, Kamin-Lewis R, et al. Baculovirus-
derived human immunodeficiency virus type 1 virus-
like particles activate dendritic cells and induce ex vivo
T-cell responses. J Virol 2006; 80:9134-43; PMID:
16940524; http://dx.doi.org/10.1128/JVI.00050-06

12. Acosta-Ramírez E, Pérez-Flores R, Majeau N, Pastelin-
Palacios R, Gil-Cruz C, Ramírez-Saldaña M, et al.
Translating innate response into long-lasting antibody
response by the intrinsic antigen-adjuvant properties of
papaya mosaic virus. Immunology 2008; 124:186-97;
PMID:18070030; http://dx.doi.org/10.1111/j.1365-
2567.2007.02753.x

13. Sailaja G, Skountzou I, Quan FS, Compans RW, Kang
SM. Human immunodeficiency virus-like particles
activate multiple types of immune cells. Virology
2007; 362:331-41; PMID:17276476; http://dx.doi.
org/10.1016/j.virol.2006.12.014

14. Bachmann MF, Rohrer UH, Kündig TM, Bürki K,
Hengartner H, Zinkernagel RM. The influence of
antigen organization on B cell responsiveness. Science
1993; 262:1448-51; PMID:8248784; http://dx.doi.
org/10.1126/science.8248784

15. Bachmann MF, Jennings GT. Vaccine delivery: a matter
of size, geometry, kinetics and molecular patterns. Nat
Rev Immunol 2010; 10:787-96; PMID:20948547;
http://dx.doi.org/10.1038/nri2868

16. Denis J, Acosta-Ramirez E, Zhao Y, Hamelin ME,
Koukavica I, Baz M, et al. Development of a universal
influenza A vaccine based on the M2e peptide fused to
the papaya mosaic virus (PapMV) vaccine platform.
Vaccine 2008; 26:3395-403; PMID:18511159; http://
dx.doi.org/10.1016/j.vaccine.2008.04.052

17. Haynes JR. Influenza virus-like particle vaccines. Expert
Rev Vaccines 2009; 8:435-45; PMID:19348559; http://
dx.doi.org/10.1586/erv.09.8

18. Cox MM. Progress on baculovirus-derived influenza
vaccines. Curr Opin Mol Ther 2008; 10:56-61;
PMID:18228182

19. Bright RA, Carter DM, Daniluk S, Toapanta FR,
Ahmad A, Gavrilov V, et al. Influenza virus-like
particles elicit broader immune responses than whole
virion inactivated influenza virus or recombinant
hemagglutinin. Vaccine 2007; 25:3871-8; PMID:
17337102; http://dx.doi.org/10.1016/j.vaccine.2007.
01.106

20. Latham T, Galarza JM. Formation of wild-type and
chimeric influenza virus-like particles following simul-
taneous expression of only four structural proteins. J
Virol 2001; 75:6154-65; PMID:11390617; http://dx.
doi.org/10.1128/JVI.75.13.6154-6165.2001

21. Bright RA, Carter DM, Crevar CJ, Toapanta FR,
Steckbeck JD, Cole KS, et al. Cross-clade protective
immune responses to influenza viruses with H5N1 HA
and NA elicited by an influenza virus-like particle.
PLoS One 2008; 3:e1501.

22. Pushko P, Tumpey TM, Bu F, Knell J, Robinson R,
Smith G. Influenza virus-like particles comprised of the
HA, NA, and M1 proteins of H9N2 influenza virus
induce protective immune responses in BALB/c mice.
Vaccine 2005; 23:5751-9; PMID:16143432; http://
dx.doi.org/10.1016/j.vaccine.2005.07.098

23. Pushko P, Tumpey TM, Van Hoeven N, Belser JA,
Robinson R, Nathan M, et al. Evaluation of influenza
virus-like particles and Novasome adjuvant as candidate
vaccine for avian influenza. Vaccine 2007; 25:4283-90;
PMID:17403562; http://dx.doi.org/10.1016/j.vaccine.
2007.02.059

24. Galarza JM, Latham T, Cupo A. Virus-like particle
vaccine conferred complete protection against a lethal
influenza virus challenge. Viral Immunol 2005; 18:
365-72; PMID:16035948; http://dx.doi.org/10.1089/
vim.2005.18.365

25. Quan FS, Huang C, Compans RW, Kang SM. Virus-like
particle vaccine induces protective immunity against
homologous and heterologous strains of influenza virus. J
Virol 2007; 81:3514-24; PMID:17251294; http://dx.
doi.org/10.1128/JVI.02052-06

26. Kang SM, Pushko P, Bright RA, Smith G, Compans RW.
Influenza virus-like particles as pandemic vaccines. Curr
Top Microbiol Immunol 2009; 333:269-89; PMID:
19768411; http://dx.doi.org/10.1007/978-3-540-92165-
3_14

27. Hossain MJ, Bourgeois M, Quan FS, Lipatov AS, Song
JM, Chen LM, et al. Virus-like particle vaccine
containing hemagglutinin confers protection against
2009 H1N1 pandemic influenza. Clin Vaccine
Immunol 2011; 18:2010-7; PMID:22030367; http://
dx.doi.org/10.1128/CVI.05206-11

28. Landry N, Ward BJ, Trépanier S, Montomoli E,
Dargis M, Lapini G, et al. Preclinical and clinical
development of plant-made virus-like particle vaccine
against avian H5N1 influenza. PLoS One 2010; 5:
e15559; PMID:21203523; http://dx.doi.org/10.1371/
journal.pone.0015559

29. Pushko P, Kort T, Nathan M, Pearce MB, Smith G,
Tumpey TM. Recombinant H1N1 virus-like particle
vaccine elicits protective immunity in ferrets against the
2009 pandemic H1N1 influenza virus. Vaccine 2010;
28:4771-6; PMID:20470801; http://dx.doi.org/10.
1016/j.vaccine.2010.04.093

30. López-Macías C, Ferat-Osorio E, Tenorio-Calvo A,
Isibasi A, Talavera J, Arteaga-Ruiz O, et al. Safety and
immunogenicity of a virus-like particle pandemic
influenza A (H1N1) 2009 vaccine in a blinded,
randomized, placebo-controlled trial of adults in
Mexico. Vaccine 2011; 29:7826-34; PMID:21816199;
http://dx.doi.org/10.1016/j.vaccine.2011.07.099

414 Human Vaccines & Immunotherapeutics Volume 8 Issue 3

http://www.ncbi.nlm.nih.gov/pubmed/17012898
http://dx.doi.org/10.4161/hv.2.1.2554
http://dx.doi.org/10.4161/hv.2.1.2554
http://www.ncbi.nlm.nih.gov/pubmed/21629683
http://dx.doi.org/10.1371/journal.pmed.1000436
http://dx.doi.org/10.1371/journal.pmed.1000436
http://www.ncbi.nlm.nih.gov/pubmed/21976464
http://dx.doi.org/10.1093/cid/cir644
http://dx.doi.org/10.1093/cid/cir644
http://www.ncbi.nlm.nih.gov/pubmed/20553769
http://dx.doi.org/10.1016/j.vaccine.2010.05.031
http://dx.doi.org/10.1016/j.vaccine.2010.05.031
http://www.ncbi.nlm.nih.gov/pubmed/22036935
http://dx.doi.org/10.1016/j.arcmed.2011.10.007
http://dx.doi.org/10.1016/j.arcmed.2011.10.007
http://www.ncbi.nlm.nih.gov/pubmed/21915319
http://dx.doi.org/10.1371/journal.pone.0024384
http://www.ncbi.nlm.nih.gov/pubmed/22032844
http://dx.doi.org/10.1016/S1473-3099(11)70295-X
http://dx.doi.org/10.1016/S1473-3099(11)70295-X
http://www.ncbi.nlm.nih.gov/pubmed/19374929
http://dx.doi.org/10.1016/j.virusres.2009.04.005
http://dx.doi.org/10.1016/j.virusres.2009.04.005
http://www.ncbi.nlm.nih.gov/pubmed/16940524
http://www.ncbi.nlm.nih.gov/pubmed/16940524
http://dx.doi.org/10.1128/JVI.00050-06
http://www.ncbi.nlm.nih.gov/pubmed/18070030
http://dx.doi.org/10.1111/j.1365-2567.2007.02753.x
http://dx.doi.org/10.1111/j.1365-2567.2007.02753.x
http://www.ncbi.nlm.nih.gov/pubmed/17276476
http://dx.doi.org/10.1016/j.virol.2006.12.014
http://dx.doi.org/10.1016/j.virol.2006.12.014
http://www.ncbi.nlm.nih.gov/pubmed/8248784
http://dx.doi.org/10.1126/science.8248784
http://dx.doi.org/10.1126/science.8248784
http://www.ncbi.nlm.nih.gov/pubmed/20948547
http://dx.doi.org/10.1038/nri2868
http://www.ncbi.nlm.nih.gov/pubmed/18511159
http://dx.doi.org/10.1016/j.vaccine.2008.04.052
http://dx.doi.org/10.1016/j.vaccine.2008.04.052
http://www.ncbi.nlm.nih.gov/pubmed/19348559
http://dx.doi.org/10.1586/erv.09.8
http://dx.doi.org/10.1586/erv.09.8
http://www.ncbi.nlm.nih.gov/pubmed/18228182
http://www.ncbi.nlm.nih.gov/pubmed/17337102
http://www.ncbi.nlm.nih.gov/pubmed/17337102
http://dx.doi.org/10.1016/j.vaccine.2007.01.106
http://dx.doi.org/10.1016/j.vaccine.2007.01.106
http://www.ncbi.nlm.nih.gov/pubmed/11390617
http://dx.doi.org/10.1128/JVI.75.13.6154-6165.2001
http://dx.doi.org/10.1128/JVI.75.13.6154-6165.2001
http://www.ncbi.nlm.nih.gov/pubmed/16143432
http://dx.doi.org/10.1016/j.vaccine.2005.07.098
http://dx.doi.org/10.1016/j.vaccine.2005.07.098
http://www.ncbi.nlm.nih.gov/pubmed/17403562
http://dx.doi.org/10.1016/j.vaccine.2007.02.059
http://dx.doi.org/10.1016/j.vaccine.2007.02.059
http://www.ncbi.nlm.nih.gov/pubmed/16035948
http://dx.doi.org/10.1089/vim.2005.18.365
http://dx.doi.org/10.1089/vim.2005.18.365
http://www.ncbi.nlm.nih.gov/pubmed/17251294
http://dx.doi.org/10.1128/JVI.02052-06
http://dx.doi.org/10.1128/JVI.02052-06
http://www.ncbi.nlm.nih.gov/pubmed/19768411
http://www.ncbi.nlm.nih.gov/pubmed/19768411
http://dx.doi.org/10.1007/978-3-540-92165-3_14
http://dx.doi.org/10.1007/978-3-540-92165-3_14
http://www.ncbi.nlm.nih.gov/pubmed/22030367
http://dx.doi.org/10.1128/CVI.05206-11
http://dx.doi.org/10.1128/CVI.05206-11
http://www.ncbi.nlm.nih.gov/pubmed/21203523
http://dx.doi.org/10.1371/journal.pone.0015559
http://dx.doi.org/10.1371/journal.pone.0015559
http://www.ncbi.nlm.nih.gov/pubmed/20470801
http://dx.doi.org/10.1016/j.vaccine.2010.04.093
http://dx.doi.org/10.1016/j.vaccine.2010.04.093
http://www.ncbi.nlm.nih.gov/pubmed/21816199
http://dx.doi.org/10.1016/j.vaccine.2011.07.099

	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'press quality'] [Based on '[press quality for AG]'] [Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 9
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


