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About this presentation
We are currently (2024-11-13) looking for:
1. Interested partners that want to do research with our technology, in 

particular those who have a difficult-to-dry “nich” vaccine or 
substance where conventional drying methods are too limited.

2. Investors or grant opportunities to fund verification studies and 
outreach

3. Opportunities to make this invention useful to humankind for profit 
or non-profit!



News
Recent milestones:
October 2024: Promising result from study of drying of real-world oral 
cholera vaccine (see slide 7b)

Soft funding 2023/2024:
Södertälje Science Park Infrastructure Grant 100 kSEK
ALMI Verification 100 kSEK
ALMI Innovationslån 300 kSEK



Thermostable vaccines tech

We’re targeting substances/structures sensitive 
to shear stress or temperature that would be 
difficult to dry in conventional spray dryers.

 We have

We’re looking for

Relevant substances

Patented (2023) invention – a mesh-nebulizer-based 
fast air flow spray dryer for gentle drying solutions 
into a dry powder homogenous in particle size.

Pilot users and interested parties that need to 
gently dry a sensitive vaccine candidate or other 
substances while preserving their biological activity.

New scalable technology to dry vaccines & other 
biological substances with maintained activity Opportunity



Isolated biological components are important in medicine, biology, pharmacology or food industry, such as 
proteins, enzymes, nucleic acids, vaccines and subcellular/cellular structures. For these components to have any 
useful effect, they must retain their biological activity and not be damaged.

However, the biological activity decreases rapidly when separated from their original water-based environment. 
They become unstable, which makes it difficult to save or transport them, such as enzymes or vaccines.

Being able to dry the biological material with retained activity enables or facilitates handling, transport, and 
storage over time. Especially suitable for equitable access in Low- and Middle income countries.

Furthermore, dry powder homogenous in particle size has potential for direct delivery to the lungs or other novel 
administration routes.

1. Background: why drying 

Pictures from CEPI CFP Innovative technologies to improve vaccine thermostability (2023)



2. Ideal when drying sensitive substances & structures
When selecting a drying process for sensitive biologically active substances /structures, we believe the following 
attributes are of importance.

1. Low temperature: Almost all biologically active materials are temperature-sensitive. Many of the available spray 
drying processes involve heating of the material or air before drying, and freeze-drying obviously involve 
freezing.

2. Avoid shear stresses: the stress induced by e.g. nozzles when spraying are potentially very harmful to sensitive 
substances.

3. Fast liquid-to-powder transition: If the transition from solution/suspension of the material to dry powder is very 
fast (< 5sec) the drying induced structural changes in the biological material are minimized.

4. Ability to dry large molecules with preserved activity: Large molecules are often more sensitive to stress induced 
during the drying process. The larger the molecule, the more importance of a gentlge drying process.

5. Scalable process: The same principle should be able to be used in a laboratory setting as well as in production, 
the transition to production is faster.

6. Minimizing the requirement of protective substances during drying process: Mitigating stresses during drying 
process often require advanced formulations and extensive use of excipients.



3. Selection of Drying Methods in Litterature

Arpagaus, C. (2023). Spray Drying of Vaccines: From Laboratory Research to 
Industrial Applications. Cham: Springer International Publishing. p. 165

The pros and cons of different 
drying methods has been 
discussed in
the literature.



4. Selection of Drying Methods, continued

Main benefits Main challenges

Freeze drying*
● Low-temperature
● Cake appearance (no powder and low 

residual moisture)
● Aseptic processing

● Long processing time and low capacity
● Equipment and energy intensive
● No particle engineering possibility and freezing stress

Spray drying*
● Fast processing time
● Particle design possibility
● High capacity and scalability

● Stress (shear stress, thermal stress, air-liquid interference) 
● Higher moisture content
● Aseptic handling required

Slow low temperature 
mesh nebulizer-based
drying (LaminarPace™)**

● No atomization (shear, air-liquid 
interface) or thermal stress

● Market availability (albeit limited)
● Suitable for small scale drying

● Not for high viscosity preparations
● Not for concentrations > 25%
● Slow and limited to small amounts

Fast low temperature 
mesh nebulizer-based
drying (Celeventus)

● No atomization (shear, air-liquid 
interface) or thermal stress

● Short drying time
● Scalable from small to large quantities

● Not for high viscosity preparations
● Not for concentrations > 25%
● New to market
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*Arpagaus, C. (2023). Spray Drying of Vaccines: From Laboratory Research to Industrial Applications. Cham: Springer International Publishing. p. 165, **p. 176



1. The generation of micro droplets from solutions/suspensions is achieved by mesh ultrasonic 
nebulisers. Upon drying, the droplets of these nebulisers can generate particles with 
controllable and narrow size distributions with MMAD of around 5 microns or smaller.

2. The micro droplets generated by the mesh nebuliser are ejected perpendicularly to the flow 
direction of the drying media (air/nitrogen) , flowing in an horizontal path. This increases the 
efficiency of the drying chamber since the micro drops do not follow the drying media 
gravitationally.

3. The generation of micro droplets in mesh nebulisers is free of shear stress as compared to jet 
nebulisers. This prevents the possible damage on the native conformation, generally required 
for the activity in biologically active molecules/structures, by shear stress forces in jet 
nebulisers.

4. The drying process is carried out at room temperatures or lower. No heating is required. This 
is achieved by the high ratio between the volume of drying media (air or nitrogen) relative to 
the volume of liquid sample to be dried. As an example at room temperature (25C), the 
maximum amount of water that one cubic meter dry air (Rh = 0%) can take out from a 
nebulised sample to be dried (final relative humidity Rh =10%) is 2,5g which means that 1000L 
dry air are required to dry a 2,5 mL sample.

5. Celeventus Technology in Detail

Acevedo, F. (2023) Drying of biological material. Patent no. SE 545275

https://tc.prv.se/spd/p/patent?token=03AFcWeA52Yfx6Flk9amxNnHGZBnTyV45Yd2x4Xv0r4ZjuttlGjbg4oYW8C54Pz-R6ijwL-Cb7naRcmbgWr_5MhQ4PHjkzNqjy2HlIoH4-KBRRZGii3umqeT7np2gBjgWu5rnk5dETVb7bSBF5wmyIui9U41akwTE7xw4FW4Rei8FOp-uT1RuX5O0OAMBMQusBsnHfVO7mabV-dYHuhz1sY7mgXUxV3Co1jJgDKFpyhEbhJsBGmGtDT6Rzklq4QmY7FsIOYyhQs-smhY9It6wUFOa64YWFai3eqMVCVKSAuo1sUENIZP8diBJpTwpEc5lqFCuDrG4-MlFCgFJIvtiRE0_hVzye8EABiPOIWvFITVPSkLC1ZWvzmm8Qq9VZ1-es4cbggy-s1DKvYwGGBL79mI8hQO2C-qrClAItK2IQ0hE0n-CSxjTLXW6v7GpiW0kDlTsK-sPk6FPnsX6nIh_KKNOjfaEn6ZQ-0X-g3p4oKay5t671qKjrWOHfOFhA82BIk9Uzq0MrmpdOy7DXigLv9TXBBmWWAVI_oQ&token=03AFcWeA7y-5OqYDRTKj8QENRkmESTMJ9G3D9OyjTBenFeuk9ixE-4PUDFGbaq4nWjGW0qm7aBiGW_SxFmjXgPYpqDn2VIJmeisKcf9uh2RlIZapfxFiMGsGwBbsoz-UDsOlt2exmRCagYIUxrhKG06LiQRToAqoAe2XXBUjdGz5nNEYy4cUbrQF3sV-tUaD2SNAOZWApLmYbFC_HqLvkWmst4rusWnVpgAqxSh-0ZylnO34ykky4caeoMSjytDptaLupilFVNHqWkJBX8u4zcaIR4KxpncLRhuxQKFQcO3v6jgZJJ6qfWwoTGelcEodFBQkI0mU6xcOB-cUnOFaNnxbE7-GuFrNXgDQyTmHLn2dUbom3wbc3x7_dgfYgE0Viq4KohfYLA2k1rQZuC2srYz1vsD0ErRcPJfVHWnbG3hfJm6Eum87nBS5PJj0dHLOT4luJwiFDRXmUOsPMOhVEgi43fk46o8OHB4q-GrYzolMqs8B_TDtswcfl-ktKy16peK54hz1_7Upp700A-oqBJUnLm1M8DYFoadw&p1=km6oQmt9KkB7eM42P9NdVA&p2=emVo28j5m7E&sort=filingdate&content=acevedo&lang=sv&tab=1&hits=true&hitsstart=0&start=0


          Compressor / air flow generation

          Air cooling / drying chamber
          (behind table)
      
          Liquid substance input, atomization
          
           Aerosol fast drying chamber
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6. Celeventus 
Technology in Detail: 
Working Prototype

A 1200 cm² cross section area 
with a maximum capacity of 240 
mL/hour.

Concepts for large scale 
production (e.g. for 10 million 
doses of vaccine) has been 
considered and is deemed 
feasible.



Multiple tests have verified the technology by drying enzymes at
5 to 30 gram/h, >80% yield of substance & preserved activity

Two enzymes,
Alpha Amylase and 

Lactase tested
5 g each diluted in 

150 mL Phosphate Saline 
Buffer containing 15 g 

Trehaloset

Dried ~1hr 
through Celeventus’ 

technology
at normal 

room temperature
and pressure

80% yield with 
biological activity 

preserved 
collected, weighed and 

measured for biological activity

Trehalose
Dried with Celeventus’ 
drying technology

Particle size reference 
Silica 3μm

7. Results & Early Verification



7b. Results Cholera Vaccine

News 2024-10-21
First real-world vaccine being dried with Celeventus technology!

Celeventus has been invited to collaborate with world-renowned vaccine researcher professor Jan 
Holmgren and his research group at University of Gothenburg to evaluate its drying technique for 
dry vaccine production.

Professor Jan Holmgren, recently recognized for the development of the first cholera vaccine, 
leads a research group where they are actively working on producing a thermostable variant of the 
dried oral cholera vaccine in capsule form, currently using freeze-drying. The first experiment using 
Celeventus fast-air nebulizer-based spray-drying technology has now been completed where the 
vaccine has been dried and evaluated for maintained activity in a set of tests, with promising 
results. To verify the long-term ability of the powder to resist a heated environment it will now be 
stored at 40’C and tested again.



Key Benefits
● Technology based on drying in large and very fast air flow.
● Stand-alone all-in-one equipment, easy to use and maintain 

in a laboratory setting
● Supports large quantities > 200ml already in prototype. A 

variant for small quantities are in the making.
● Fast batches (200 ml/h)
● 100x larger quantities enables new research and production.
● Opens for larger markets than mRNA
● Modular - possible to use with existing high pressure vortex 

fan system if preferred.

          Input of liquid substance

          Collection of dry material

          Control panel and live statistics
       
          Replacement of drying material
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8. Commercial Prototype for R&D under development



We are looking for partners to validate the technology with pilot studies at lab scale to investigate wheter 
there are substances that we can dry for which alternative methods fall short. 

Subsequently we will look at how to scale production for that particular candidate once identified. We believe 
that the technology is scalable due to the ability to increase air flow, number of nebulizers working in parallel 
and the overall technical simplicity and low cost of components.

So far our technology is validated internally: drying enzymes: alfa-amylas and lactase with repeated success 
in terms of preserved activity.

We have also done experiments with subcellular structures that are 
• Sensitive to temperature and shear stress
• Easy to obtain
• Easy to validate

We have successful preliminary results but not yet published.

We are happy to collaborate and joint publications if desired.

9. Next Steps
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