Electron Beam-Sterilised Vaccines

Exploring Amino AcidBased and Stable SprayDried Vaccinations
With researchers endeavouring to develop
thermostable and needle-free vaccines, addressing
complications associated with liquid preparations
has become more important than ever

The development of therapeutic biologics (including
vaccines) requires significant efforts to avoid severe issues
due to molecular instability. In a recently published survey,
several key findings were discussed, including formulation
issues, project failures, and solutions to overcome such
hurdles (1). One key finding was that formulation issues
cause significant drug development delays and even complete
project failures due to formulation issues, as experienced by
more than 60% and 6% of survey participants, respectively.
Consequently, deploying a commercially viable formulation
early enough in the drug product development process
could help to prevent failure of such projects.
Furthermore, competitive advantages and reduced time to
market are key decision criteria in formulation development,
and aspects on reduced manufacturing costs, longer shelf life,
and facilitated transport, as well as logistics, were considered
as important aspects of formulation (1). Within the vaccine
market, the need for cold storage and the impossibility
of terminal sterilisation are major drawbacks in vaccine
manufacturing and distribution, particularly in the case
of spray-dried vaccines. Hence, facilitated transportation
at room temperature and terminal sterilisation of vaccines
would result in clear competitive advantages.

Molecular Damage During Manufacturing of Vaccines
Today, major challenges in the field of vaccination are to
develop thermostable vaccines and to establish needlefree vaccination strategies to fight viral diseases, even in
developing countries, which is also one strategic aim of
the WHO Global Immunization Vision and Strategy (2-3).
Furthermore, to be better prepared for pandemic outbreaks,
stockpiles of stable vaccine formulations are required (4).
Liquid preparations face a high risk of instability during storage
due to high molecular mobility and increased likelihood of
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chemical reactions and physical instability (5). For this reason,
many liquid vaccine preparations need to be stored and
transported under refrigeration and often only feature a
short shelf life. For liquid vaccine preparations, stability is
often enhanced by selection of pH buffering salts and the
use of amino acids for stabilisation (6-7).
The stability of such preparations, especially their thermal stability,
can be greatly increased by drying the antigens, for instance, by
freeze drying, thereby minimising molecular mobility and the risk
of intermolecular reactions. This approach requires the antigen
to be stabilised via, for example, exchange of water with other
hydrophilic molecules or by formation of a sugar glass matrix
during both the step of freezing (cryoprotection) and
the subsequent step of drying (lyoprotection) (8-9).
Spray drying is often the method of choice, as it avoids the
freezing step and requires lower energy costs as compared to
lyophilisation. The products obtained can be designed to have
good dispersion characteristics, as well as low agglomeration and
adhesive tendencies to allow powder handling, packaging, and
efficient re-dispersion upon contact with water or buffer. This is
especially true for spray drying which, accordingly, is particularly
suitable for bulk production of large amounts of vaccines (10).
Another hurdle in vaccine production is the sterilisation of
vaccine preparations without significant loss of material.
Standard sterile filtrations of biomolecules leave the risk
of contamination during aseptic fill and finish and may
hence lead to significant patient risks or economic loss (11).
Therefore, the need for technologies that enable terminal
sterilisation of biomolecules increases (12-14).
The main bottlenecks in this development are to:

•O
 btain sufficient amounts of vaccine powder
• S terilise the vaccine powder
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Figure 1: Rational and iterative excipient selection process to obtain tailored amino acid-based formulations with maximum stabilisation efficacy
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shear stress, high temperatures, and high energy input can
result in loss of molecular integrity and functionality by
means of oxidation, deamidation, isomerisation of amino
acid residues, and hydrolysis of the peptide bonds or by
physical loss of secondary and tertiary structure, unfolding
and denaturation, or aggregation. A multitude of spray drying
process parameters influence the powder morphology,
amorphous or crystalline particle size distribution, particle
shape, particle density, residual moisture content, and
the glass transition temperature (Tg), which have a strong
impact on the application route and storage stability of both
the amorphous powder and the spray-dried therapeutical
molecule. Specifically adapted spray drying process steps,
combined with tailored formulations, contribute to molecular
and functional integrity, physical characteristics of the resulting
powder particles, and to storage stability.

Sterilisation of Biologics
*Enveloped; Non-enveloped
Table 1: Tailored amino acid-based formulations stabilised a broad range of
viruses/vaccines

•A
 void unappreciated antigen modifications
•A
 void loss of specific immunogenicity and, thus, efficacy

Spray Drying and Molecular Integrity
Spray drying involves the atomisation of a liquid feed into very
small droplets within a hot drying gas, leading to flash drying
of the droplets into solid particles. Increased mechanical
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Aseptic processing of biologics is not expected to result in a
10-6 sterility assurance level, leaving the risk of contamination
during fill and finish and potentially leading to significant
economic loss (12-13, 15). Pharmaceutical guidelines
recommend terminal sterilisation methods so that the need for
technologies and procedures that enable terminal sterilisation
of biomolecules (including proteins) increases with cost
pressure and safety concerns (14, 16-17). On the other hand,
irradiation is currently not considered a standard and valid
sterilisation protocol for biologics and other proteins since it
is associated with a high-energy input and increased risk of
chemical and physical modifications, misfolding, formation of
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Figure 2: Selection process of stable and efficient formulations for the validation of stress-exposed Pandemrix in a non-human primate model

aggregates, and fragmentation (17). In particular, aggregates
may lead to modified immunogenicity of therapeutically
applied biologics (18).

Tailored Amino Acid-Based Vaccine Formulations
Specifically tailored amino acid-based formulations have
been shown to stabilise complex therapeutic biomolecules
(19). Moreover, different viruses and vaccines, including
enveloped and non-enveloped DNA and RNA viruses that
underwent different manufacturing relevant stress conditions,
were efficiently stabilised (see Table 1, page 30). Due to the
individual complexity of viruses and vaccines, the amino
acid-based formulations have to be specifically tailored to
enable maximum stability during manufacturing (downstream
processing) and subsequent delivery and storage. Usually,
the tailoring process of the formulation underlies a strict and
rational algorithm-based excipient selection procedure along
with defined stress simulation models and monitoring of
molecular integrity, which will be tackled in more detail
later in the article.

Excipient Selection Process Principle
The principle procedure of the excipient selection process
can be divided into five major steps (see Figure 1, page 30).
The first step is the alignment of the target product profile
considering different aspects such as regulatory requirements,
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intellectual property issues, drug dosage limitations, and the
known molecular characteristics of the API. This information
allows for the definition of the full design space as a basis for
subsequent rational selection experiments. After selection
of appropriate analytics (step 2), the molecule is challenged
under defined stress conditions to identify sensible hot spots
and degradation pathways (step 3). After systematic screening
of various parameters and reduction of the design space, a
combined data-driven and algorithm-based approach results
in the definition of a focussed design space. This formulation
development approach does not require high-throughput
screening (HTS) (step 4). Iterative optimisation of formulations
in API challenging models results in the identification of the
most suitable formulations which then will be used in stability
assays (step 5: eg, real-time storage).

Amino Acid-Based Formulation for Influenza Vaccine
In a recent publication, it was studied whether amino
acid-based formulations are able to stabilise the influenza
A vaccine Pandemrix (see Figure 2) even during extreme
stress conditions, heat stress, spray drying, irradiation (>25
kGy beta irradiation), and storage (see Figure 3a, page 34)
(20). Preselection of formulations was done by means of
functional haemagglutination assays and molecular integrity
analytics, such as size exclusion chromatography and dynamic
light scattering. After identification of the best formulation
(according to steps 3-5 of the selection process scheme),
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Figure 3b: Highly efficient vaccination was achieved even after β-irradiation
as demonstrated in a non-human primate model. Seroconversion was
determined by haemagglutination inhibition assay

Figure 3a: Results with amino acid-based formulations for stress-exposed
H1N1 influenza A vaccine (A) haemagglutination read-out. Selected
amino acid-based formulations prevented loss of antigenic function after
spray drying and β-irradiation

a preclinical non-human primate (Macaca fascicularis) safety
and efficacy study was conducted. Animals receiving original
Pandemrix exhibited expected levels of seroconversion
after 21 days (prime) and 48 days (boost), as assessed by
haemagglutination inhibition and microneutralisation assays.
Animals vaccinated with spray-dried and irradiated Pandemrix
failed to exhibit seroconversion after 21 days, whereas spraydried and irradiated amino acid-based formulated vaccines
elicited similar seroconversion levels to those vaccinated with
original Pandemrix (see Figure 3b). In conclusion, rational and

systematic approaches to design specifically tailored amino
acid-based formulations in conjunction with appropriate stress
models and analytics have a strong potential to identify highly
stabilising formulations. The stability of the complex split virus
Pandemrix vaccine after an extreme stress challenge could be
even validated in non-human primates.

Formulations in the Future
Advanced and tailored amino acid-based formulations
enable spray drying and terminal sterilisation of vaccines by
avoiding stress-mediated molecular loss of molecular integrity,
increasing stability and safety of the end product. The rational
design of the formulation by support of design of experiments
approaches ought to consider stress-mediated molecular
challenges during each step of downstream processing (see
Figure 3a and 3b) along with accurate monitoring of the
molecular integrity. Successful stabilisation of vaccines by
amino acid-based formulations during manufacturing might
be essential for spray drying vaccines in the future.

Advanced and tailored amino acid-based formulations
enable spray drying and terminal sterilisation of vaccines by
avoiding stress-mediated molecular loss of molecular integrity,
increasing stability and safety of the end product
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Successful stabilisation of vaccines by amino acidbased formulations during manufacturing might be essential
for spray drying vaccines in the future
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