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The objective of this study was to explore various testing methodologies suitable for characterizing sedimented or
agglomerated material. To model this, bioCSL’s split influenza virus vaccine, Fluvax� was utilized. The investigation was
conducted on 5 dispensed lots of commercially manufactured vaccine, formulated for the 2013 Southern Hemisphere
season. Vaccine syringes were initially inspected by visual tests; the material was then aseptically pooled for
characterization assessment by microscopy and several agglomeration assays. All syringes passed bioCSL’s description
test where any fine or large sized particles of sediment observed in the vaccine were resuspended upon shaking;
inverted light microscopy verified that the sediment morphology was consistent with influenza vaccine. Electron
microscopic examination of pooled vaccine material demonstrated the presence of typical influenza structures
including split virus, virosomes, whole virus particles and agglomerates. An optical density turbidity assay revealed
relatively high protein recoveries in the vaccine supernatant post-centrifugation treatment, thus indicative of a well-
dispersed vaccine formulation. This was corroborated by particle sizing analysis using dynamic light scattering which
generated reproducible volume particle size distributions of a polydisperse nature. Ultraviolet-visible absorbance
profiles further confirmed the presence of some agglomerated material. Data from all methods demonstrated
consistent results between all batches of vaccine. Therefore, this investigation revealed the suitability and usefulness of
the various methodologies in characterizing the appearance of agglomerated vaccine material. It is suggested that such
methods may be applicable and beneficial for the development of a wider spectrum of heterogeneous and
agglomerated formulations to provide safe, efficacious and superior quality biopharmaceutical products.

Introduction

Vaccination remains the cornerstone of preventing influenza,
a highly contagious, acute, febrile respiratory disease caused by
different influenza viruses. On a global scale, influenza epidemics
result in 3 to 5 million cases of severe illness and up to half a mil-
lion deaths per annum.1

Current seasonal influenza vaccines are trivalent or quadriva-
lent, containing purified and inactivated antigens against

representative viruses of influenza A (H1N1 and H3N2 subtypes)
and influenza B (from the Yamagata and/or Victoria lineages)
predicted to circulate in the upcoming season each year. Two
types of influenza vaccine are available, including an inactivated
(killed) preparation administered via intramuscular injection, as
well as a live attenuated, cold-adapted influenza vaccine delivered
nasally. Inactivated vaccines are further categorized as whole
virus, split virus or subunit types. Split virus and subunit vaccines
are the most widely used influenza vaccines; they retain the
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immunogenic properties of the viral proteins while exhibiting
reduced reactogenicity particularly in infants and children com-
pared to whole virus vaccines.2,3

Since the 1970s, the manufacture of inactivated trivalent
influenza vaccine (TIV) has been largely based upon chemical
disruption or “splitting” of the influenza virus.4 Chemical disrup-
tion (by detergent or solvent) was found to reduce the reactoge-
nicity of the vaccine without, in many cases, compromising the
immunogenicity. The majority of currently available commercial
influenza vaccines are disrupted or split with detergent due to the
high volatility of solvents. Following splitting, further treatment
is required to reduce the detergent to residual levels. As a conse-
quence of reducing the detergent concentration the split virions
develop agglomerates or agglomerated material due to hydropho-
bic interactions; this occurrence is in turn dependent on the
strain and the level/type of detergent utilized in the splitting
process.

Previous studies have demonstrated the formation of agglom-
erates in influenza vaccine formulations upon removal of the
detergent. For example, subunit influenza vaccines exhibited
mixed agglomerates when detergents including Nonidet-P40 and
sodium dodecyl sulfate were removed from the preparation.5 In
addition, when nonionic detergents were used to solubilize glyco-
proteins of parainfluenza viruses and subsequently removed,
agglomeration of proteins occurred due to hydrophobic bases
that formed rosette-like clusters.6

The split virion influenza vaccine utilized as the model thera-
peutic agent in the current study is defined in the European Phar-
macopoeia (EP) as an aqueous suspension comprising strains of
influenza virus.7 A common physical stability problem encoun-
tered with pharmaceutical suspensions is due to sedimentation,
or the tendency for particles in suspension to settle out of the
aqueous medium in which they are entrained to form a sediment
at the bottom of the container.8 The observation is that the flocs
or agglomerates fall together to produce a distinct boundary
between the sediment and supernatant liquid; the liquid above
the sediment is clear because even the small particles present in
the system are associated with the flocs. Therefore, in order to
ensure uniform dosing of a stable suspension, the sediment must
be able to be resuspended (i.e., readily dispersed) upon shaking.9

Protein agglomerates are common species that occur during
different stages of manufacturing, formulation, storage, distribu-
tion and handling. Many protein-based pharmaceuticals exhibit
a wide range of agglomeration phenomena. In order to gain a
more profound understanding of the product quality attributes,
it is important to be able to detect and monitor the occurrence of
any agglomerated material. Furthermore, there is a crucial need
within the biopharmaceutical industry to understand agglomera-
tion pathways and the risk factors that can induce agglomeration
from the beginning of the product development process, in order
to align manufacturing processes with Quality by Design (QbD)
principles. According to the Food and Drug Administration
(FDA) Guidance for Industry for therapeutic protein products10

and the Influenza Vaccines Quality Guideline provided by the
European Medicines Agency,11 it is recommended that either an
individual or combination of methods should be utilized to

characterize distinct agglomerated species in a product. However,
currently there is no single analytical method which is able to
accurately measure and characterize the full spectrum of particu-
late matter ranging from sub-visible (<100 mm) to larger
agglomerates that may be present within the formulation. Char-
acterization tools that improve detection, understanding and the
progression of agglomeration would significantly facilitate trou-
bleshooting, product development and process optimization.

This study aims to investigate an armory of testing methodol-
ogies suitable for characterizing a therapeutic agent that is com-
prised of multiple structural components, such as a split virion
influenza vaccine, particularly in reference to sedimentation and
agglomeration. Specific methods explored included tests by visual
inspection, high-resolution microscopy, agglomeration assays
and ultraviolet (UV)-visible absorbance spectroscopy.

Results

Visual inspection by description testing
Five lots of bioCSL’s commercially manufactured inactivated

influenza virus vaccine (IVV), Fluvax� for the 2013 Southern
Hemisphere (SH) season were obtained for characterization test-
ing (Table 1).

The results from the description test including additional
comments for all 90 syringes across the 5 lots of IVV are shown
in Table 2. Each syringe from all 5 lots passed the description
test according to bioCSL’s IVV description specification of “ clear
to slightly opaque liquid containing some sediment which readily
resuspends upon shaking.” Furthermore, 84 of the total
90 syringes were identified to contain “ small amounts of fine sed-
iment,” and the remaining 6 syringes comprised “ large amounts
and/or large sized particles of sediment,” all of which “ resuspended
upon shaking.”

Inverted light microscopy analysis
Following the description test, 75 syringes from the 5 batches

of 2013 SH dispensed vaccine were qualitatively tested by
inverted light microscopy (ILM) in order to examine the mor-
phology of any sediment present. In brief, the method involved
capturing two ILM images of each syringe under the following
conditions: (1) after leaving the syringes to lie sideways overnight
at 2–8�C without shaking, then allowing to equilibrate to room
temperature for a minimum of 30 min without shaking, and (2)
after step 1 above, followed by vigorous shaking of the syringe
for 20 times. Two representative ILM images from each lot of
the IVV syringes captured under the above conditions are shown

Table 1. Details of examined lots of bioCSL’s IVV for the 2013 SH season

Lot no. No. of syringes

090634903 18
090635001 18
090636401 18
090637301 18
090638202 18
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in Figure 1 and the results summarized in Table 3 (where US
and S denote syringes that were unshaken and shaken,
respectively).

From the ILM results presented in Figure 1 and Table 3
for each of the 75 syringes across the 5 lots of dispensed
IVV, a sediment morphology which was “consistent with influ-
enza vaccine” was recorded, both prior to and after shaking of
the syringes. This result was confirmed by electron micros-
copy (EM) analysis and will be discussed in further detail in
the following section. The ILM images depicted the presence
of sediments of small and large particles, which are typically
found in influenza vaccine. Interesting to note however, is
that for all the images captured after shaking of the syringes,
a reduction in sediment formation is apparent (Fig. 1). This
observation indicates that any sediment present can be resus-
pended or readily dispersed upon shaking.9

Material from the 75 syringes across the 5 IVV batches was
then aseptically pooled to obtain a total of 25 pooled samples
(5 pooled groups per batch) for subsequent EM, optical density
turbidity (ODT) and dynamic light scattering (DLS) analyses.
The results from each of these assays are described below.

Electron microscopy analysis
Imaging by EM was used to assess the appearance of the

pooled IVV samples. For each of the 5 lots of pooled 2013 SH
IVV, EM photographs were taken at both low and high magnifi-
cations (i.e., at 32,200£ and 108,500£, respectively). Represen-
tative EM images from each lot of IVV material are presented in
Figure 2 below.

Typical influenza viruses are identified by the presence of
evenly distributed (antigenic) spikes of the glycoproteins hemag-
glutinin (HA) and neuraminidase (NA), which coat the entire
viral envelope.12 The EM images (taken at a magnification of
108,500£) across all 5 lots of 2013 SH IVV were observed to
contain structures consistent with that of influenza virus
(Fig. 2A–E). Specifically, the structures identified in the EM
images included rosettes and caterpillars (sections of the split

virus membrane embedded with antigenic spikes of HA and NA
that are folded into various shapes), virosomes (spherical, unila-
mellar vesicles with an empty influenza virus envelope that is
devoid of internal proteins and genetic material of the virus),
membranes, slightly disrupted virions and whole virions (intact
influenza structures comprising genetic material encased by a
membrane of HA and NA spikes, immediately prior to being
split or disrupted). Predominant structures were comprised of
split influenza virus.

Table 2. Results of description test and additional comments for 5 lots of
bioCSL’s 2013 SH IVV (18 syringes per lot, 90 syringes in total)

IVV lot no. Description test Comments test

090634903 18 out of 18 PASS All syringes were identified to contain
“small amounts of fine sediment
observed in vaccine, all sediment
resuspended upon shaking.”

090636401 18 out of 18 PASS
090638202 18 out of 18 PASS

090637301 18 out of 18 PASS From each lot, 15 syringes were
identified to contain “small
amounts of fine sediment” and the
remaining 3 syringes comprised
“large amounts and/or large sized
particles of sediment,” all of which
“resuspended upon shaking.”

090635001 18 out of 18 PASS

Figure 1. Representative ILM images for 5 lots of bioCSL’s 2013 SH IVV,
including lots 090634903, 090635001, 090636401, 090637301 and
090638202, when syringes were left unshaken (left column) and follow-
ing vigorous shaking (right column).
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EM analysis was also performed on
the samples at a lower magnification
(32,200£) in which observations were
consistent across all 5 batches of IVV; a
representative image from one of the
lots is shown in Figure 2F below,
depicting agglomerates of split influ-
enza species represented by the darker
regions of the micrograph.

Agglomeration assessment by the
optical density turbidity assay

To monitor the extent of agglomera-
tion, the ODT assay was used to mea-
sure the recovery of protein in the
supernatant of IVV material after appli-
cation of a moderate relative centrifugal
force (RCF) of 13,684 g for 1 min.
Several attributes of the ODT assay
were examined for IVV material,
including repeatability (CV D 5.7%),
inter-lot precision (CV D 7.2%) inter-
mediate precision (CV D 4.5%), assay
response to agglomerate dissociation
(R2 D 0.990; p D 0.01 significant
slope) and linearity (R2 D 0.955; p D
5.6 £ 10¡6 significant slope) (data not
shown).

Figure 3 presents an ODT plot
summarizing the average protein recov-
ered in the supernatant of the
25 pooled samples across the 5 batches
of IVV material (expressed as%ODT).
The results indicated consistent inter-
lot supernatant recoveries in the range
of 54.6 to 63.3%, suggesting a relatively
well-dispersed vaccine formulation.
These values were in close agreement
with the mean results obtained from
the ODT validation study (performed
on 2013 SH IVV) for repeatability
(56.9 § 3.3%), inter-lot variability
(55.1 § 4.0%) and intermediate preci-
sion (57.2 § 2.6%). Hence, the current
analysis further substantiated the ODT
assay as a robust and accurate method
for characterizing the agglomeration
state of the material examined.

Particle sizing by dynamic light
scattering

DLS was used as a complementary
method to analyze and characterize
agglomeration and to determine the
validity of the ODT assay. For accurate
DLS measurements, the density,

Figure 2. Representative EM images for pooled material corresponding to each of the 5 lots
of bioCSL’s 2013 SH IVV at a magnification of 108,500x for lots (A) 090634903, (B) 090635001,
(C) 090636401, (D) 090637301 and (E) 090638202; and at a magnification of 32,200x for lot (F)
090638202.
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viscosity and refractive index (RI) of a representative pooled IVV
sample were pre-determined at a temperature of 25�C and
included in the measurement protocol of the Zetasizer software
(Table 4).

From each DLS measurement, a particle size distribution
(PSD) based on intensity is obtained, which demonstrates the rel-
ative intensity of light scattered by particles in various size popu-
lations. For each of the 5 batches of 2013 SH IVV, the average
intensity PSDs revealed reproducible profiles of a polydisperse
nature (Fig. 4), i.e., 2 distinct size populations were present in
the samples post-centrifugation treatment, including a monomo-
dal peak at 150 nm and a shoulder peak at 5500 nm.

In order to more accurately represent the data, the intensity
PSDs for each of the 5 pooled samples within each batch of IVV
were then converted using Mie13 theory to volume PSDs; these

distributions describe the relative proportion of each size class
inherent to the sample based on particle volume. The profiles
that were generated remained bimodal however a slight shift in
the distributions to smaller particle sizes was apparent (Fig. 5),
i.e., the corresponding monomodal peak is shown at 90 nm and
the shoulder peak at 4800 nm. The greater relative proportion of
particles present in the smaller size population of the volume
PSDs along with the reproducible profiles across the 5 lots of
IVV suggested a homogeneous vaccine formulation with minimal
agglomeration occurring within the samples. Furthermore, statis-
tical analysis performed using one-way analysis of variance
(ANOVA) indicated no significant differences between the 5 lots
of IVV with respect to the mean volume PSDs (P > 0.05 each).
The consistent PSDs corroborated the ODT data where the pro-
portion of dispersed material was also comparable across the
5 lots of IVV.

Agglomeration assessment by UV-visible absorbance
spectroscopy

The caveat of using DLS is the requirement of a preparatory
centrifugation step that may have removed larger particles and
subsequently resulted in the more distinct monomodal appear-
ance of IVV. Hence to confirm the agglomeration assessment by
DLS, an additional UV-visible absorbance spectroscopy method
was employed which excluded the pre-centrifugation treatment
of samples. This is a turbidimetric method which monitors pro-
tein agglomeration by measuring the optical density (OD) of the
sample based on light scattering in the near UV or visible region,
where proteins exhibit negligible absorption.

For each lot of IVV, UV-visible absorbance analysis was per-
formed neat and in triplicate, i.e., on three separate syringes. The
final average plots of absorbance versus wavelength for the 5 lots
of IVV (Fig. 6) were generated by subtracting the Vaccine Dilu-
ent control data from those of each syringe sample. These results
provide informative agglomeration data based on both the pro-
tein concentration as well as agglomeration levels defined by an
agglomeration index (AI), which will be discussed in further
detail below.

Firstly, it is well known that one of the factors affecting
agglomeration is the protein concentration; increasing pro-
tein concentration during refolding usually increases protein
agglomeration due to the increased propensity of intermo-
lecular interactions.14,15 Simulation of in vitro protein
refolding and agglomeration indicates that agglomeration
dominates over refolding at high protein concentrations and
the size of protein agglomerates increases proportionally
with protein concentration.16 By measuring the absorbance

Figure 3. Average protein recovery in supernatant (expressed as %ODT)
for 5 pooled groups within each of 5 lots of bioCSL’s 2013 SH IVV, includ-
ing lots (A) 090634903, (B) 090635001, (C) 090636401, (D) 090637301
and (E) 090638202, by ODT analysis post-centrifugation at an RCF of
13,684 g for 1 min.

Table 3. Summary of ILM results for the appearance of bioCSL’s 2013 SH IVV

Lot no. No. of syringes
Unshaken

(US) / Shaken (S)

Observations:
morphology
of sediment,
if present, is

consistent with
that of influenza

vaccine?

090634903 15 US YES
S YES

090635001 15 US YES
S YES

090636401 15 US YES
S YES

090637301 15 US YES
S YES

090638202 15 US YES
S YES

Table 4. Density, viscosity and refractive index (RI) properties of pooled
2013 SH IVV for DLS analysis at 25�C

Pooled 2013 SH IVV

Density (g/cm3) 1.003
Viscosity (cP) 0.923
RI 1.3342
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arising from the intrinsic chromophores (tryptophan, tyro-
sine and cysteine) in the protein solution, the protein con-
centration can then be determined by its directly
proportional relationship, according to Beer-Lambert’s
Law:17

cD A

el
Equation 1

Where c is the molar concentration (mol L¡1), l is the optical
pathlength (cm), e is the molar extinction coefficient (L mol¡1

cm¡1) and A is the absorbance at a given wavelength.
In a preliminary investigation, analysis by the UV-visible

absorbance assay enabled an understanding of the agglomeration
behavior within intermediate influenza vaccine material. For
example, a substantial increase in absorbance due to light scatter
was evidenced during the process at which inactivated virus mate-
rial was produced into intermediate vaccine material; this corre-
lated well with the formation of agglomerates, as increasing

concentrations of detergent was removed. In addition, a time
course study was conducted on supernatants of intermediate vac-
cine material for A/Victoria/210/2009, A/California/7/2009 and
B/Brisbane/60/2008 influenza virus strains, whereby the degree
of agglomeration was monitored over a period of 9 weeks by the
UV-visible assay. The results demonstrated higher absorbance
values for all samples at 9 weeks compared to the initial time
point; this was attributed to increased amounts of agglomerates
over time that were not removed by centrifugation treatment.

In the current study, consistent and reproducible UV absor-
bance profiles showed positive absorbance readings in the wave-
length region of 250–300 nm (Fig. 6). Comparison of the mean
UV absorbance data using one-way ANOVA did not demon-
strate any significant differences between the profiles of the
5 IVV lots (P > 0.05 each). Hence this demonstrated that the
corresponding level of agglomeration did not vary statistically
between all 5 lots of the IVV samples.

Secondly, an additional parameter that is commonly used to
correct for turbidity (i.e., light scattering) effects is the agglomer-

ation index (AI) defined by the follow-
ing equation:

AI D A350

ðA280 ¡A350Þ £ 100

Equation 2

Where A280 and A350 are the measured
absorbance values at wavelengths of 280
and 350 nm, respectively. The AI
parameter not only measures the OD350

but also corrects for protein content,
i.e., the absorbance of proteins at
280 nm.18 Hence, an increase in OD
signals in the non-absorbing region of a
protein’s UV spectrum (>320 nm) is
considered indicative of agglomeration
occurring within the sample, i.e.,
agglomeration increases proportionally
with the AI parameter.

The calculated AI values shown in
Table 5 were comparable across the
5 lots of 2013 SH IVV and ranged
between 45.6 and 49.6% (P > 0.05
between each lot of IVV; one-way
ANOVA), hence indicating consistent
levels of agglomeration with minimal
variation. The consistency of these
results by UV analysis where samples
were tested neat additionally confirmed
the observations by DLS, despite the
removal of any extraneous or sedi-
mented material due to the pre-centrifu-
gation step applied in the latter
approach.

Figure 4. Average intensity PSDs (n D 5) of the supernatant for 5 pooled groups within each of 5 lots
of bioCSL’s 2013 SH IVV, including lots (A) 090634903, (B) 090635001, (C) 090636401, (D) 090637301
and (E) 090638202, by DLS analysis at 25�C post-centrifugation at an RCF of 6,082 g for 1 min.
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Discussion

The analysis of complex pharmaceut-
icals that contain a multitude of particle
types including agglomerated material is
challenging. At this time there is no sin-
gle instrument or method that can ade-
quately cover the entire spectrum of
agglomerate sizes (ranging from sub-
micron to visible), types and structures.
Therefore, a variety of biophysical
methods must be used to detect and
characterize protein agglomerates that
exist in biopharmaceutical products. A
discussion on some commonly used
methods which have been attempted for
agglomerate measurement and charac-
terization is provided below.

Size exclusion chromatography
(SEC) is the most widely used tool for
agglomerate characterization as it is a
sensitive, high throughput, relatively
inexpensive and a simple method to
implement.19 The technique is based on
proteins and their agglomerated com-
plexes that separate with differing
extents of permeation into the pores of
a stationary phase (e.g. silica-based poly-
meric beads).20 Larger molecules or
agglomerates are excluded from the
resin pores and therefore elute rapidly,
while smaller molecules with greater
access to the pores elute more slowly.
However, the SEC can only separate
agglomerates over a limited size range
and has poor resolution for larger solu-
ble agglomerates that may be eluted out
at the void volume. Insoluble agglomer-
ates are also often filtered out by the col-
umn matrix and therefore not captured by the detectors. For
these reasons SEC was not applied to the vaccine samples in the
current work. SEC requires complementary cross-validation
using orthogonal techniques such as analytical ultracentrifugation
(AUC), field flow fractionation (FFF) or light scattering.

AUC and FFF are methods which provide resolution of
agglomerates or particles ranging from 0.001 to 50 mm in size.21

In addition, both methods are able to accurately estimate the
quantity, size and shape of multiple protein agglomerate species
without the use of molecular weight standards.22-24 However,
these methods are limited by their ability to detect low levels of
protein agglomerates, and further require highly trained and spe-
cialized personnel for instrumentation operation and data analy-
sis. AUC has played an important role since the early days of the
biotechnology industry, such as for the purposes of characterizing
the association-dissociation of insulin hexamers25 and recombi-
nant insulin mutants engineered to alter the association and

hence bioactivity.26 For most biotechnology applications, the
AUC method is typically based on the physical principles of sedi-
mentation velocity; this involves spinning the sample (with a
high speed centrifuge at speeds of up to 60,000 rpm) and an
optical system that measures the rate at which the different com-
ponents sediment to form a pellet.

FFF is a flow-based separation technique that separates macro-
molecules based on their differences of diffusion coefficients.27

The retention and separation of samples are controlled by an
external field, perpendicular to channel flow. The FFF method is
best suited for analyzing larger agglomerates that can be easily fil-
tered by a SEC column matrix or sediment under centrifugal
field. Several successful applications of FFF have been previously
reported in the separation of protein agglomerates and other large
biomolecules.28,29

Light scattering is a robust method and is used to monitor var-
iation in the size of proteins due to conformational changes. This
form of analysis is categorized as either static light scattering

Figure 5. Average volume PSDs (nD 5) of the supernatant for 5 pooled groups within each of 5 lots of
bioCSL’s 2013 SH IVV, including lots (A) 090634903, (B) 090635001, (C) 090636401, (D) 090637301 and
(E) 090638202, by DLS analysis at 25�C post-centrifugation at an RCF of 6,082 g for 1 min.

www.tandfonline.com 1679Human Vaccines & Immunotherapeutics



(SLS), which measures the intensity of scattered light as a func-
tion of angular dispersion, or dynamic light scattering (DLS),
where the diffusion rate of protein particles in solution is deter-
mined.30 The main distinction between the 2 techniques is that
SLS detectors measure molecular mass independently of molecu-
lar shape, whereas DLS detectors measure hydrodynamic size
which depends on both mass and shape. The DLS technique has

a tendency to overestimate the width of
the peaks in the distribution; this effect
is magnified when the fundamental
intensity distributions are transformed to
either number or volume distributions.
For this reason, number and volume
PSDs should only be used for compara-
tive purposes, or for estimating the rela-
tive proportions where there are multiple
peaks.31 On the other hand, the intensity
PSD can be used to accurately report the
size of each peak in the distribution.

Despite the widespread use of the
above methods, their applications have
been limited to purified protein prepara-
tions such as immunoglobulins, antibod-
ies, recombinant proteins and
coagulation factors but not virus-derived
vaccine antigens. Hence, analysis of
agglomerates within more complex,
pleomorphic and heterogeneous protein
material would require the use of alterna-
tive methodologies. As there is no single
instrument that encompasses the entire
measurement range from sub-visible to
agglomerated material within a formula-
tion and each of the techniques used
herein to characterize the complex nature
of proteins will have its own limitations,
combining multiple technologies offers a
holistic overview and more profound
understanding of the product. In the cur-
rent investigation, a range of techniques
was explored on a model complex bio-
pharmaceutical agent, namely bioCSL’s
split virion influenza vaccine.

Results obtained from the description
test indicated that all syringes satisfied
the description criteria based on the EP
specifications for product appearance

and stability. This included the requirement for the vaccine to be
a clear to slightly opaque liquid, as well as any sediment present
within the vaccine to readily resuspend upon shaking.

While visual inspection of the syringes satisfied description
testing criteria, this test relies on the subjective analysis of syringe
contents by each operator and the reproducibility of syringe shak-
ing performed by hand to resuspend any sediment present. How-
ever, adoption of a correlative microscopy approach which
combines the use of both light and electron microscopy techni-
ques (i.e., ILM and EM) allows a more comprehensive analysis
of the IVV samples. The use of these 2 complementary methods
yields a broader range of information regarding the overall vac-
cine presentation as well as the more intricate structural details of
the constituents at a subviral level. In contrast to description test-
ing, the visual appearance of IVV material is documented by
ILM and EM analyses through the images that are captured.

Figure 6. Average UV-visible absorbance (AU) vs. wavelength (nm) profiles for 5 lots of bioCSL’s
2013 SH IVV, including lots (A) 090634903, (B) 090635001, (C) 090636401, (D) 090637301 and
(E) 090638202, performed neat for each lot (n D 3).

Table 5. Agglomeration index (AI;%) for 5 lots of 2013 SH IVV, determined
from UV-visible absorbance spectroscopy analysis

2013 SH IVV Lot no. Average A280 Average A350 AI (%)

090634903 0.430 0.136 46.2
090635001 0.430 0.135 45.6
090636401 0.479 0.155 47.6
090637301 0.444 0.142 46.9
090638202 0.415 0.138 49.6
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This therefore enables the visual appearance of the samples to be
either referenced or reviewed at a later date.

Using the first microscopic technique by ILM, an overall
examination of the IVV is performed in its native state by captur-
ing images through the syringe, i.e., the material is not removed
from the syringe for analysis. Thus, ILM is a low resolution tech-
nique and was employed in this study for the purposes of assess-
ing whether any sediment present could be easily resuspended
upon agitation. For each lot of IVV that was examined, the
results demonstrated an apparent reduction in sediment forma-
tion in syringes after shaking hence suggestive of a physically sta-
ble vaccine formulation.

Subsequent to ILM analysis, pooled IVV material from the
syringes were applied onto a grid for direct examination by EM.
This higher resolution technique allows for a more detailed
insight into the specific particle types present and their associated
structural and morphological properties. EM analysis revealed
that the constituents within the syringes were typical influenza
virus structures and more importantly, verified that the vaccine
predominantly consisted of split influenza virus in accordance
with the requirements outlined by the EP for suspensions for
injections.7,9 Thus, alongside description testing, the comple-
mentary assessment by both ILM and EM provides a robust anal-
ysis of the appearance and nature of the viral structures,
sediments and agglomerates within IVV material.

Use of the DLS technique provided information relating to the
overall size distribution profile of particles within IVV. Further-
more, the analysis proved purposeful in revealing the consistent
homogeneity of the material with minimal agglomeration occur-
ring; however, caution must be exercised during interpretation of
the results since a pre-treatment step was applied to remove any
extraneous material that may interfere with the measurements.

As a means to overcome this caveat, UV-visible absorbance
spectroscopy was performed on neat IVV material and the subse-
quent analysis confirmed the agglomeration assessment by DLS.
Of all the techniques, the use of a turbidimetric method, namely
the ODT assay, was found to be the most suitable in quantifying
the level of agglomeration occurring within IVV material. The
assay itself requires less than 3 minutes per sample to perform
and minimal reagents and equipment are needed. The results
indicated consistent protein recoveries in the supernatant, which
corroborated well with the DLS and UV-visible data hence sug-
gesting a relatively well-dispersed vaccine formulation. This has
been further substantiated from previous analysis of intermediate
influenza vaccine material that produced consistent and repro-
ducible results over an extended period of time (data not shown).

Any previous attempts at assessing the product quality attrib-
utes have required a multitude of biophysical methods to
characterize and measure agglomeration within a complex bio-
pharmaceutical agent such as the split virion influenza vaccine.
This is because no single instrument or technique is able to suffi-
ciently encompass the varied sizes and types of agglomerates pres-
ent. Hence, the novel and innovative use of the combined
methods explored in this investigation could be applied to
advance the formulation development of heterogeneous and
agglomerated biopharmaceutical products.

This study was focused on assessing one particular aspect of
the vaccine product, namely the agglomeration characteristics. In
future work, it may be useful to correlate these outcomes to other
attributes of the vaccine, such as potency, virus splitting profile,
sterility and/or total protein.

Materials and Methods

Materials
Five lots of bioCSL’s commercially manufactured inacti-

vated IVV, Fluvax� for the 2013 SH season were obtained
for characterization testing (18 syringes per lot, 90 syringes in
total), as detailed in Table 1. All lots were dispensed at Park-
ville, Victoria, Australia and within specified expiration dates
when analyzed.

The 2013 SH IVV formulation included the following influ-
enza strains:

� H1N1: A/California/7/2009
� H3N2: A/Victoria/361/2011
� B: B/Hubei-Wujiagang/158/2009

Methods
A range of characterization tests was performed on the mate-

rial within all IVV syringes. In summary, each syringe was ini-
tially inspected for description with additional comments (using
bioCSL’s description test for IVV), and examined by ILM; the
IVV material within the syringes was then aseptically pooled in a
sterile, particle free container for subsequent analysis by higher
resolution EM, and 2 agglomeration assays based on the OD of
influenza virus protein sedimentation (ODT assay) and particle
sizing analysis (DLS). UV-visible absorbance spectroscopy was
also utilized to gain an understanding of the agglomeration
behavior. The following subsections will detail each of the meth-
odologies used in this study.

Description test
For each of the 5 lots of IVV, the individual syringes were

numbered and the age at the time of testing noted. Each syringe
was inspected in accordance with bioCSL’s currently Therapeutic
Goods Administration (TGA) registered description test for
product release and stability assessment of dispensed IVV, as
summarized below.

As stated on the Product Information document,32 bio-
CSL’s Fluvax� is an inactivated influenza vaccine (split
virion) suspension for injection, and is further described as
“a clear to slightly opaque liquid with some sediment that resus-
pends upon shaking.” This description is based on the require-
ments outlined in the EP which indicates that the “vaccine is
a slightly opalescent liquid” and that “ suspensions for injection
may show a sediment which is readily dispersed on shaking to
give a suspension which remains sufficiently stable to enable the
correct dose to be withdrawn” .9

The material in the syringes was examined and described in
terms of color, clarity (degree of opalescence), viscosity and
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settling behavior. The sample was observed by both reflected and
transmitted light and against light and dark backgrounds. The
presence of particulate matter, foreign material or agglomeration
of particulate material was also noted.

Each syringe was assessed as a PASS/FAIL against the following
specification: “ clear to slightly opaque liquid containing some sediment
which readily resuspends on shaking.” Resuspension of the material
within the syringes was achieved by vigorous shaking performed by
hand, end to end from 10 to 20 cm, for 20 times in approximately
7 seconds. Additional comments to supplement the description test
involved noting the appearance of each syringe as either:

� No sediment observed in the vaccine (PASS);
� Small amounts of fine sediment observed in vaccine, all sedi-
ment resuspended upon shaking (PASS);

� Large amounts and/or large sized particles of sediment present
in vaccine, all sediment resuspended upon shaking (PASS);

� Sediment present in vaccine, not all sediment resuspended
upon shaking (FAIL);

� Vaccine of atypical appearance, discoloration observed (FAIL); or
� Vaccine of atypical appearance, foreign object observed (FAIL)

Inverted light microscopy
Following description testing, the syringes were analyzed by

ILM (Carl Zeiss AG, Jena, Germany) as a qualitative test to ver-
ify whether the morphology of any sediment present was consis-
tent with that of influenza vaccine. Analysis was performed on
the syringes at room temperature, both before and after shaking
as detailed below.

Prior to examination, the syringes were stored at 2–8�C and
placed lying sideways overnight without shaking. The first light
micrograph was captured after allowing the syringes to equili-
brate to room temperature for at least 30 min (no shaking). Each
syringe was then shaken vigorously for 20 times as per the
description test method described for resuspended IVV; the sec-
ond light micrograph was then taken (after shaking). A brief
description was also recorded for each image captured.

Pooling of samples
In order to obtain adequate sample volume for further charac-

terization testing, it was necessary to pool the material from the
5 batches of IVV. Material from 15 syringes comprising each
IVV batch was aseptically pooled into 5 separate groups (i.e., in
lots of 3 syringes). This amounted to a total of 25 pooled sam-
ples across the 5 batches of IVV for subsequent analysis by EM,
ODT and DLS.

Electron microscopy
Imaging of the pooled IVV samples was performed using a

CM-10 transmission electron microscope (TEM) (FEI Com-
pany, Eindhoven, The Netherlands), operated at 100 kV. This
form of microscopy (EM) provides images at higher resolution
and magnification than is otherwise achievable with a light
microscope (ILM). Specifically, negative stain EM was used as a
simple qualitative method to assess the:

� presence/absence of whole virions
� presence/absence of agglomerated influenza and if present, a
description of the shape and form

� presence of typical or atypical influenza structures

The agar diffusion filtration method developed by Hayat and
Miller33 was adopted for the current analysis. Three grids of each
sample were prepared; the sample (1 ml) was applied neat to a
formvar-coated copper electron microscope grid, which was then
inverted onto a 2%w/v agar plate. Upon settling of the grids
onto the agar plate (i.e., the liquid absorbed by the agar), the grid
was floated on a drop of negative stain (2%w/v sodium phospho-
tungstate at pH 7.0). After twenty seconds, the grid was then
lifted and excess stain removed by contacting the edge of the grid
with a small strip of torn Whatman No. 1 filter paper. The
remaining thin film of stain was left to air-dry prior to examina-
tion by the TEM at magnifications of 32,200 and 108,500£.

Optical density turbidity assay
To evaluate the degree of non-agglomerated material in the

formulated IVV, the level of recovered protein was determined
utilizing OD at A280 of the supernatant following the application
of a moderate RCF. Since the proportion of protein in the pellet
after centrifugation directly correlates to the degree of high den-
sity agglomerated material within the sample, a greater recovery
in the supernatant would correspond to an increased proportion
of dispersed protein.

The NanoDrop ND-1000 UV-visible spectrophotometer
(Thermo Fisher Scientific, Wilmington, USA) was used to con-
duct OD measurements at a wavelength of 280 nm (i.e., A280).
A blank reading was initially taken by applying 2 ml of phosphate
buffered saline onto the measurement pedestal and the pedestal
then cleaned with a lint-free wipe after blanking. The IVV sam-
ple was vortexed briefly before adding 2 ml onto the pedestal and
duplicate readings (A280) of the neat sample obtained. Sample ali-
quots of 100 ml were then transferred into each of 2 fresh 1.5 ml
microfuge tubes (Eppendorf, Hamburg, Germany) and centri-
fuged at an RCF of 13,684 g for 1 min in a Biofuge pico Her-
aeus benchtop microcentrifuge (Kendro Laboratory Products,
Newtown, Connecticut, USA); duplicate readings of the superna-
tant post-centrifugation for each of the 2 replicate samples were
measured and recorded. The average recovery of protein in the
supernatant was determined from the protein concentration ratio
of the supernatant relative to that of the neat IVV sample, using
the mean values from each of the duplicate readings. Final pro-
tein recovery values were reported as %ODT (ranging from 0 to
100%), which increase with the amount of low density agglomer-
ated protein in the sample. Refer to Table 6 which provides an
example analysis for determining the final protein recovery of a
sample (%ODT) using the ODT assay.

Dynamic light scattering
Particle size analysis by DLS was used as a complementary

method to the ODT assay to further understand the characteris-
tics of agglomerated material within the samples. The DLS tech-
nique is based on measuring the Brownian motion of proteins in
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solution, which is the random movement of particles due to colli-
sions with the surrounding solvent molecules. The Brownian
motion induces time dependent fluctuations in the intensity of
scattered light which is measured by DLS and subsequently gen-
erates an intensity PSD for the sample.

DLS measurements of the samples were performed using the
Malvern Zetasizer Nano Series ZS (Malvern Instruments Ltd,
Worcestershire, UK). Several properties which influence the
Brownian motion of particles in solution were pre-determined
for a representative pooled IVV sample, including the density
(DA-100M Density Meter; Mettler Toledo, Columbus, Ohio,
USA), viscosity (Lovis 2000M rolling-ball viscometer; Anton
Paar, Graz, €Osterreich, Austria) and RI (30GS Refractometer;
Mettler Toledo, Columbus, Ohio, USA). Pre-treatment of sam-
ples involved centrifugation for 1 minute at an RCF of 6,082 g
(Biofuge pico Heraeus benchtop microcentrifuge; Kendro Labo-
ratory Products) to remove any extraneous material or sediment
containing large particles which are unstable and subsequently
interfere with the analysis. The resulting supernatant component
of each sample was then withdrawn and assessed by DLS; each
sample measurement was based on 5 replicates (n D 5) per-
formed at a backscatter angle of 173� and equilibrated to a tem-
perature of 25�C for 3 minutes.

UV-visible absorbance spectroscopy
UV-visible absorbance spectroscopy was employed to further

characterize the appearance of IVV material. This technique
measures the degree of light scattering due to the association of
proteins, for example oligomerization and agglomeration.34

Thus, an increase in OD signal in the non-absorbing region of a
protein’s UV spectrum (>320 nm) would be indicative of
agglomeration occurring. The analysis was performed neat and
in triplicate, i.e., using three syringes for each of the 5 lots of
IVV that were previously assessed by the description test.

The method involved removing the required number of
syringes from storage at 2–8�C and allowing them to equilibrate
to room temperature (23�C) for 30 min. The syringes were
then shaken vigorously for 20 times in 7 seconds (as per the
description test method) and IVV material expelled from the
syringes into individual 1.5 ml microfuge tubes (Eppendorf,
Hamburg, Germany). An aliquot (200 ml) of each sample was
then loaded onto a 96-well microtiter UV microplate (Thermo
Fisher Scientific, Wilmington, USA); 200 ml of Vaccine Diluent
was also added to a well of the assay plate as a background

control. The Vaccine Diluent consists of a variety of salts,
including sodium chloride, monobasic sodium phosphate, diba-
sic sodium phosphate, monobasic potassium phosphate, potas-
sium chloride and calcium chloride.32

A TECAN Infinite� M200 microplate reader and Magellan
Software v7.0 (Tecan Group Ltd, M€annedorf, Switzerland) were
used to perform UV-visible absorbance readings of the samples
over the wavelength range of 250 to 400 nm. Final absorbance
vs. wavelength profiles of the IVV samples were generated by sub-
traction of the background control data (Vaccine Diluent) from
the sample data.

Statistical analysis
Statistical analysis of the data generated from DLS and UV-

visible absorbance spectroscopy analysis was performed in Graph-
Pad Prism v6.04 (GraphPad Software, Inc., California). One-
way ANOVA with a post-hoc Tukey’s multiple comparisons test
was applied to compare the mean data sets between each of the
5 different lots of IVV. Probability values (P) of less than 0.05
were considered as statistically significant.

Conclusion

Many protein-based pharmaceuticals exhibit a wide range of
agglomeration phenomena. The split virion influenza vaccine uti-
lized as the model therapeutic agent in the current study is
defined in the EP as an aqueous suspension comprising strains of
influenza virus. While individual methods have been utilized to
examine purified protein formulations, no single technique is
capable of evaluating complex formulations such as the split
IVV, wherein pleomorphic and heterogeneous protein/lipid
complexes and agglomerates may be present.

This investigation revealed the usefulness and suitability of
various methods in evaluating the sedimentation and agglomera-
tion characteristics inherent to a complex biopharmaceutical
product such as influenza vaccine. The description test demon-
strated that the stability criteria for parenteral suspensions based
on pharmacopoeial standards were met in terms of product
appearance and the ability to resuspend upon agitation. Imaging
using correlative microscopy which combines both light and elec-
tron microscopy techniques, verified the presence of typical influ-
enza structures as well as agglomerated material. Furthermore,
DLS and UV-visible absorbance spectroscopy were useful

Table 6. Example ODT analysis for IVV

Initial A280

(mg/ml)
[A]

Supernatant post-
centrifugation A280

(Sample 1)
(mg/ml)

[B]

Supernatant post-
centrifugation A280

(Sample 2)
(mg/ml)

[C]

% Recovery
(Sample 1)

[D]

% Recovery
(Sample 2)

[E]

Average
% Recovery

[F]

Standard Deviation
(stdev) of
% Recovery

(§)

Description
of analysis

A280 of neat
sample
(2 replicates)

A280 of supernatant
after centrifugation
(2 replicates)

A280 of supernatant
after centrifugation
(2 replicates)

D B / A * 100 D C / A * 100 D (D C E) / 2 * 100 D stdev (D and E)

Example IVV Avg A280 (0.61,
0.59) D 0.60

Avg A280 (0.36,
0.35) D 0.36

Avg A280 (0.36,
0.33)D 0.35

59.2 57.5 58.3 1.18
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orthogonal methods in providing consistent and reproducible
data that correlated well with the ODT results. The ODT assay
proved to be a simple, practical, rapid and valuable method in
quantifying the level of agglomeration.

Therefore, the use of several complementary methods
described in this investigation has demonstrated a pragmatic
approach toward adequately addressing pharmacopoeial and reg-
ulatory requirements for IVV, in terms of product appearance
and agglomeration. Further work would be required to ascertain
whether the use of multiple orthogonal methods as applied in
this study, can be correlated to other vaccine attributes, including
potency, virus splitting profile, sterility and/or total protein.
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