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Application of AI-based convolutional neural networks in TEM 
image analysis for gene therapy and vaccine manufacturing 

Introduction
The development of gene therapy and viral vector-based vaccines requires a series of analytical tests 
throughout the upstream and downstream process to ensure viral vector purity, potency and safety 
to enable progression towards a clinical product. 

Transmission Electron Microscopy (TEM) is a powerful imaging technology used to examine the 
morphology and structure of nanoparticles such as viral vectors and the presence of adventitious 
agents within a sample.  TEM analysis has the potential to provide both qualitative and quantitative 
image data to complement existing analytical gold-standard platforms to support, enhance and 
accelerate the vaccine development process (Figure 1).

Automated TEM image analysis
Manual extraction of viral particle size, morphology, integrity and aggregation metrics using TEM 
images, is subjective, time-consuming and not scalable in a production setting. Vironova Imaging 
and Analysis Software (VIAS) combines traditional user friendly image processing pipelines with 
powerful Convolutional Neural Networks (CNNs) to provide automated analysis, characterization 
and statistical analysis of thousands of viral particles within a test sample in a short amount of time 
(sample preparation to analysis report generation in 75 minutes; Figure 2).

Figure 1. Negative stain TEM images of AVV particles at early (A), middle (B) and late (C) stages of the purification steps 

Figure 2. Representative images depicting the VIAS workflow (left) and analysis (right) tabs. VIAS CNN modules enable 
automated particle characterisation and metrics.  
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Flexible and adaptive CNN modules 
VIAS CNN modules have been trained and optimised using thousands of expertly annotated TEM 
images to provide a rapid and reproducible particle characterization. The CNN modules have been  
specifically tailored towards viral vectors, vaccines and gene therapy applications. For unique and 
more complex samples, VIAS utilises a training interface to enable users to fine-tune a chosen CNN 
module to create bespoke particle analysis and characterization (Figure 3).

Summary
Viral vector-based vaccine and gene therapy development requires a series of analytical tests to 
ensure product purity, potency and safety. TEM is an emerging tool in analytical laboratories 
providing both qualitative and quantitative information throughout the development process. TEM 
images in combination with VIAS offers a semi-automated, intuitive and scalable analysis platform 
for the characterization and statistical analysis of thousands of particles to rapidly guide and 
enhance the development process. 

The combination of our unique VIAS software together with our electron microscopes, the small 
footprint and user friendly 25kV MiniTEM™ and the versatile 120kV ViroTEM™ encompass a set of 
powerful analysis systems for the development of vaccines and gene therapies.

Figure 3. Process scheme for training VIAS CNN modules. TEM images are annotated to identify the particles of interest 

and imported into a core CNN module to enable automated characterization of complex samples. 
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