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Assessing quality and stability with TEM
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Making the invisible visible with TEM
Vironova is a leading provider of transmission electron microscopy (TEM) services
for pharmaceutical applications.
We specialize in nanoparticle analyses, particularly in the characterization of
components used for vaccines, gene therapies, and drug delivery – AAV vectors,
adenoviral vectors, lentiviral vectors, liposomes, lipid nanoparticles, and
extracellular vesicles.
Our expertise includes a wide range of GMP-certified TEM image analysis services,
effectively addressing critical product attributes like quality, purity, and stability.
This translates into quantitative and qualitative data, helping clients make fast and
well-informed decisions along their entire process development.

Powerful technique for unique insights
TEM visualizes critical quality attributes that no other technology can detect.
In TEM, an electron beam is transmitted through a thin layer of specimen onto a
fluorescent screen, forming a high-resolution image that shows very fine details.
Using TEM, we can visualize several key properties of nanoparticles and monitor
how these are affected during process development – crucial data that often
correlate to the efficacy and safety of the final drug product.
At Vironova, we specialize in two types of TEM analysis:
Cryogenic TEM (cryoTEM)
is performed at cryogenic temperatures. The particles of interest are rapidly
embedded in vitreous ice, enabling us to image them in a close-to-native
state and study their internal structures.
Negative stain TEM (nsTEM)
is the method of choice for investigating sample purity and integrity. The
process is done at room temperature and involves the application of a
stain onto a sample. The stain acts both as an embedding and a contrast
enhancing agent.

cryoTEM image examples
AAVs
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Liposomes

Adenoviral vectors

Lentiviral vectors

Transmission Electron
Microscopy (TEM)
• Ultimate technique for nanoparticle
measurements
• Highly suitable for viral vectors and
drug delivery systems analysis
• cryoTEM for analysis of internal
structures, such as content ratio and
the presence of drug substance
• nsTEM for purity, aggregation and
morphology assessment

Gold nanoparticles
visualized with TEM

nsTEM image examples
AAVs

Coronavirus

Adenoviral vectors

Lentiviral vectors
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GMP-certified for regulatory compliance
We operate the world’s only GMP-certified TEM laboratory.
All our analyses are performed using our proprietary FDA 21 CFR Part 11compliant software, VAS. In addition, being GMP-certified means
that we follow documented standard operating procedures and
client-specific testing methods.
Our facilities and equipment are regularly validated, maintained,
and calibrated according to GMP guidelines for BSL 1 and BSL 2
sample handling. All deviations and changes are carefully managed
in our quality management system.

Patented method
AAV particle packaging analysis
with cryoTEM and the Vironova
Analyzer Software (VAS) is a
patent of Vironova and the
world’s first validated method
for AAV full/empty/intermediate
capsid analysis.

Validation studies
A validated analytical procedure assures that a defined product attribute can be
determined reliably, with a suitable level of specificity and precision, unaffected by
external factors.
In addition to our standard operating procedures, Vironova designs client- and productspecific Methods of Analysis, MoA. We also offer validation studies for these MoAs, to
assure that the described TEM method appropriately determines a specific attribute.
The validation studies are designed in accordance with
the principles of Validation of Analytical Procedures,
ICH Q2 (R1), for compliance.

Vironova’s validation studies
• Prove with documented evidence that
the analytical procedure is suitable for its
intended use
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• Assure quality and legitimacy of the
analytical results
• Ensure that data is acquired following the
same analytical procedure
• Enable early detection of unexpected results
• Facilitate and expedite reviews and audits
• Comply with regulatory requirements
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Extensive service portfolio
Common types of analyses provided by Vironova
Type of analysis
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Viral vectors

AAVs

Adenoviral vectors

Lentiviral vectors

Internal
density
assessment

Liposomes

Lamellarity/
Bilayer
thickness

Lipid Nanoparticles (LNPs)

Lamellarity/
Bilayer
thickness

Extracellular Vesicles (EVs)

Internal
volume and
density

Virus-Like Particles (VLPs)

Internal
density
assessment

Modified Vaccinia Ankara (MVA)

Vesicular Stomatitis Virus (VSV)

Elongatedness

Bacteriophages

Tail
attachment

Immune Stimulating
Complexes (ISCOMs)

Inorganic nanoparticles

Aspect ratio
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Adeno-associated viral vectors (AAVs)
Adeno-associated viruses (AAVs) are small spherical particles with a diameter of ~22 nm.
They are commonly used as viral vectors, with several AAV-based gene therapy treatments
already approved by the EMA and FDA. TEM analysis is optimal for the characterization of
several key quality attributes of AAVs. It requires both lower volumes and lower
concentrations than many other techniques.

Top requested
AAV analyses

Full/empty/intermediate capsid ratio
The ratio of filled and empty capsids is a critical quality attribute requirement
for any AAV vector manufacturing process and is essential to monitor.

• Full/empty/
intermediate

We use cryoTEM to inspect the internal structures of AAVs, providing distinct
discrimination between filled, empty, and intermediate capsids by measuring
the radial density profile of the particles (Figure 1).

• Aggregation
• Morphology

Detailed morphological data
Additional critical attributes to monitor in the AAV production and manufacturing process can
be visualized by nsTEM, for detailed morphological information on debris, integrity, clusters, and
aggregates. These valuable data facilitate informed decisions during the process development
(Figures 2 and 3).
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Figure 1. Representative cryoTEM images used for packaging analysis in VAS: Original image (A) and detected image (B), which was
subjected to internal density analysis, displaying the classified AAV particles overlaid with red, blue, and yellow circles. Principal component
analysis of each AAV particle’s radial density profile was performed using VAS and is displayed in the cluster plot (C). The histogram
(D) displays the percentages of filled, empty, and intermediate AAV particles.
(B)

(C)

(A)

(B)

(C)

Figure 2. nsTEM images displaying various
types and proportions of impurities
observed throughout a purification
process that may influence the rejection
or acceptance of a purification method.
The AAV sample displays a significant
amount of debris and proteasomes (A),
a large amount of proteasomes (B),
and minimal debris (C).
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Figure 3. Representative nsTEM images used for showing aggregation analysis in VAS. Original image (A) and detected
image (B), displaying the classified individual particles and clusters/aggregates overlaid with red and yellow outlines,
respectively. The histogram (C) displays the area distribution, as determined from semi-automated detection using VAS.
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Adenoviral vectors
Adenoviral vectors are well established for vaccine products and gene therapies. They
have an icosahedral shell with hexon proteins on the surface and are ~90 nm in diameter.
Their morphology, integrity, and aggregation state are some of the characteristics that
can clearly be visualized and analyzed by TEM.
Genomic material inspection
With cryoTEM we can assess the packaging efficiency of the sample by measuring the
internal density of the adenoviral vectors (Figure 4). This can be translated into statistical
data on packaging, supporting adenoviral vector development.
Tracking and monitoring changes
With nsTEM, we analyze the integrity of the adenoviral vectors and
can track morphological variations that are caused by changes in
the product formulations or processing conditions. Process-related
clusters or aggregates formed during specific process steps, or
a failure to remove host cell debris and impurities, can also be
visualized and statistically analyzed (Figure 5).

Top requested
adenoviral
vector analyses
• Aggregation
• Integrity
• Morphology

(A)

(B)

(C)

(D)

Figure 4. cryoTEM image (A) showing Type I (high internal density) and Type II (low internal density) adenoviral vector particle analysis.
nsTEM images (B-D) showing integrity (intact and broken adenoviral particles) and hexons from broken particles.
(A)

(B)

(C)

100%

Particle class distribution

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Cluster/ Individual
Aggregates

Figure 5. Representative detected nsTEM images (A, B) used for aggregation analysis in VAS, displaying the classified individual particles
and clusters/aggregates overlaid with blue and red outlines. The histogram (C) displays the particle class distribution, as determined from
semi-automated detection.
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Lentiviral vectors
Lentiviral vectors are enveloped and pleomorphic with a size of ~80-100 nm. Their
characteristic surface proteins appear as densely packed spikes around the particle
and can be clearly observed with TEM, along with other key quality attributes.
In the manufacturing of lentiviral vectors for both in vivo and ex vivo use, their stability,
integrity and purity must be closely monitored to assure safety and efficacy.
Analyzing internal structures
Using cryoTEM, we can visualize and study the internal structure of the lentiviral vectors.
Due to their complex nature, they can be classified based on density, circularity, and size,
as liposome-like particles, and as particles that exhibit a visible core (Figure 6B).
Unique observations of external structures
With nsTEM, we study the surface structures to identify the characteristic spike
proteins, to distinguish the lentiviral vectors from other membrane structures
and observe any potential spike shedding (Figures 6A and 6C).
We can also help our clients understand the nature of aggregates and clusters
that may form during different stages of the process development (Figure 7).

(A)

(B)

Top requested
lentiviral vector
analyses
• Morphology
• Aggregation
• Integrity

(C)

• Circularity
• Size distribution
• Particle classification

• Spikiness
• Genomic packing

• Impurity
• Aggregation
• Integrity

Figure 6. The cryoTEM images (A, B) and nsTEM image (C) show the different features of a lentiviral vector sample and the relevant analyses.
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Figure 7. Representative detected nsTEM image (A) used for aggregation analysis in VAS, displaying the classified individual particles
and clusters/aggregates overlaid with green and red outlines, respectively. The histogram (B) displays the particle class distribution,
as determined from semi-automated detection.
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Liposomes and drug delivery systems
Liposomes are outstanding drug delivery systems, thanks to their particle structure,
low toxicity, target-orientation, and adaptability. TEM is an unmatched method to
characterize liposomes in terms of lamellarity, bilayer thickness, packaging, stability,
size distribution, and circularity.
Unique measurements of bilayer thickness and lamellarity
Cryogenic TEM is the only technology that can make a clear distinction of liposomes
based on their lamellarity, a key factor for drug release efficiency that needs careful
monitoring throughout the manufacturing process (Figures 8 and 9).
It is also the only technique that can visualize and make precise
measurements of the lipid bilayer thickness, another central parameter
that impacts the efficacy of liposomal drug products (Figure 8D).
Successfully used for FDA filing
For liposomes containing drug product, we can provide accurate
statistical information on filled and empty liposome particles
(Figure 10), data that has been successfully used for FDA filing
(Pharmaceutics 2021, 13(1), 123).

(A)

(C)

(B)

Top requested
liposome analyses
• Lamellarity
• Bilayer thickness
• Packaging

(D)

Figure 8. cryoTEM images (A, B, C) displaying the different morphologies of liposomes. The thickness of the bilayer (D) can be
measured in VAS.
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Multilamellar Uncertain Unilamellar
of Multiparticle

Figure 9. Representative cryoTEM image (A) used for lamellarity
analysis in VAS, displaying the classified particles overlaid with red,
yellow, and green outlines. The histogram (B) displays the particle
class distribution, as determined from semi-automated detection.
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Figure 10. Representative cryoTEM image (A) used for packaging
analysis in VAS, displaying the classified particles overlaid with blue,
green, and red outlines. The histogram (B) displays the particle
class distribution, as determined from semi-automated detection.
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Lipid nanoparticles (LNPs)
Lipid nanoparticles (LNPs) are spherical vesicles often used as delivery vehicles, capable
of overcoming the limitations of free therapeutics in the body. TEM analysis of LNPs can
provide unique metrics on internal compartmentalization.
To assure the safety and efficacy of a final LNP product for therapeutic use,
it is vital to monitor its quality at all stages of the manufacturing process.
Circularity, lamellarity, and membrane thickness
CryoTEM is an ideal technique for LNP sample analysis of circularity distribution,
membrane thickness, lamellarity, and overall morphology, as well as particle
size and class distribution (Figures 11 and 12).

Top requested
LNP analyses

Unique internal density data

• Size

CryoTEM is the only technique that allows the observation of the internal
density of LNPs. With this information, our analysis offers insights into the
packaging efficiency or filled/empty ratio of particles, as well as
compartmentalization of internal structures for additional particle classification.

• Circularity
• Particle classification
based on internal
density

Filled
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Figure 11. Representative cryoTEM images used for particle classification in VAS. Original image (A) and detected image (B) displaying
the classified particles overlaid with green, blue and pink outlines. The histogram (D) displays the particle class distribution, as determined
from semi-automated detection using VAS.
LNP classes based on morphology
Type I - LNPs displaying a homogeneous high internal density
Type II - LNPs displaying a distinct outer shell and minute internal density
Type III - LNPs displaying a multi-compartmental feature with a heterogeneous internal density distribution
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Figure 12. Representative histograms
displaying the size distribution (A) and
circularity distribution (B), as determined
from semi-automated detection using VAS.

Extracellular vesicles (EVs)
Extracellular vesicles (EVs) are lipid bilayer-enclosed particles that are secreted by many
types of cells. Encompassing a size range of ~20-10,000 nm, they have been widely
investigated as vehicles for targeted therapeutic compound delivery and regenerative
medicine. TEM is a well-established technique for the characterization of EVs.
Seeing morphology and loading
Our TEM services provide information about the circularity, morphology,
size distribution, and internal volume or loading capacity of the EVs in a
sample. Altogether, these analyses give a comprehensive understanding of
the sample and particle characteristics (Figure 13 and 14).

Top requested
EV analyses
• Morphology

Accurate distinction
A well-known challenge in EV analysis is the difficulty in distinguishing
EVs from other particles that have the same size and shape. TEM analysis
has the unique capability to provide a distinction of these particles, using
both internal and external particle aspects (Figures 13A and 13B).

(A)

(C)

(B)

• Size distribution
• Integrity

(D)

Figure 13. Representative cryoTEM images (A, B) showing the different internal structures of EVs. Representative nsTEM images
(C, D) displaying the integrity and size of EVs.
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Figure 14. Representative histograms showing size distribution (A) and internal volume distribution (B), as determined from
semi-automated detection using VAS.
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Our service workflow
Working with Vironova is easy.
A Vironova TEM service starts with expert guidance on client-specific needs,
based on your sample type and required data. We prepare all necessary
documents according to our procedures and provide guidance on shipping.
When your sample arrives, our scientists handle and analyze it with full
traceability according to GMP guidelines. An analytical report is provided
within two weeks from when we receive the sample.
Should you need quicker service for an AAV project, select the prioritized
AAV Express service with a four-day delivery time guarantee.

Discussion

Quotation

Sample shipment

www.vironova.com
info@vironova.com
Vironova AB, Gävlegatan 22, 113 30 Stockholm, Sweden

Analysis

Delivery of reports
and images

