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Lyophilization may be considered a relatively gentle drying 

process, but there are still risks and pitfalls when applying it to 

biomolecular reagents in diagnostic tests that are different to 

the freeze-drying of general pharmaceuticals.

Reagents typically used in ELISA and PCR based diagnostic 

kits for diseases, such as COVID-19 tend to contain labile 

components, such as enzymes that need preserving for 

longevity in the supply chain or antibodies to test for a patients 

response to the virus, which can be challenging to stabilize for 

commercial use. 

Recently, Dr Kevin Ward, Director of Research and 

Development at Biopharma Group, UK presented a 

webinar exploring various aspects of formulation and cycle 

development in the lyophilization of diagnostic reagents, 

including those required for COVID-19 testing that may be 

different to regular diagnostics. This tech note summarizes the 

webinar and includes a selection of questions from the Q&A 

session.

Lyophilization of Biomolecular Diagnostic 
Reagents

Different molecules exhibit different sensitivities to 

processing and storage conditions and, in the case of 

biomolecules, not only does the molecule need to remain 

chemically intact during the freeze-drying process, but it is also 

necessary for the 3D structure to be maintained. The goal is to 

minimize the degradation of activity that can be seen due to 

factors such as aggregation and denaturation.

There are additional challenges with biomolecule-based 

diagnostics, in particular for COVID-19 that are less obvious 

than when freeze-drying other molecules; these are discussed 

in the webinar and summarized below:
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Low-volume Diagnostics 

Diagnostic kits tend to use small volumes of reagents 
that can evaporate quickly. While a few microliters of these 
reagents in tubes may evaporate less, samples on plates or in 
microfluidic channels that are exposed throughout loading are 
more susceptible to evaporation. With the urgency of testing 
for COVID-19, high throughput is essential and therefore many 
COVID-19 diagnostic kits take place in 96-well plates, chips or 
microfluidic channels. This problem can be partly overcome by 
loading into a cooled freeze dryer.

Stabilization of Biomolecules  

Although most biomolecular components (e.g. antibodies 
and enzymes) are not sensitive to conditions of freeze-drying 
there are some that are, and it is worth noting what effects 
these may cause. A sensitivity to cold denaturation can cause 
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SP Scientific Ultra Pilot and Small Production 
Freeze Dryer

The low moisture load of diagnostic kits allows the use 
of compact and efficient ‘pilot’ freeze-drying equipment 
with large product shelf capacity to floor ratio. The Ultra 
capacity can easily handle up to 5,000ea 2mL vials or 
144ea 96-well plates.
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aggregation or precipitation of proteins but this may be solved 
by cooling slowly or adding a surfactant. It is also possible 
that some components are damaged by freeze concentration 
effects that can also be accompanied by a pH shift. Phosphate 
buffer can be the main culprit of this and a change of buffer 
or cooling quickly can often remedy this problem. Proteins 
can also be susceptible to interfacial effects that may be 
proportional to the surface area of ice crystals, but these effects 
can often be combated by cooling slowly or using controlled 
nucleation to increase the size of the crystals and reduce the 
surface area. Dehydration stresses can destabilize a protein. 
In some cases, structural water is required for the structure to 
be maintained; the addition of cryo- or lyo- protectants can 
alleviate this and avoid dehydration stresses by immobilizing 
proteins and/or mimicking the action of structural water.

Glycerol Effect 

The presence of glycerol in PCR reagents (Fig 1) causes 
significant problems because it does not freeze under typical 
freezing conditions. This can be solved by diluting the glycerol 
out if a high enough stock solution is available or adding an 
excipient. However, there may still be glycerol in the dried cake 
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Figure 1. Presence of Glycerol in PCR reagents

SP Scientific Benchmark Production Freeze Dryer

VirTis Benchmark production freeze dryers are designed 
for larger batch sizes of diagnostic products. Round 
product chambers are typical and internal ice condenser 
designs can help vapor flow for low-Tc diagnostic 
products being dried at very low shelf temperatures. 
Shelf capacity ranges from 2m² up to 20m².

which can impact stability and structure. In the case of the 
COVID-19 diagnostic kits, the shelf life may not be as essential 
as other diagnostic kits due to their requirement to be stored 
for only a few months at a time. They can also be stored at low 
temperatures so the presence of glycerol will have less effect 
on the stability of the active components. 

Containers and Closures 

The format of containers (e.g. vials, tubes, wells, chips, 
paper etc.) and closures has a significant long- or short- term 
effect of thermal transfer and stability. Even though there is a 
challenge to seal a container without letting any moisture in, 
it is worth noting some plates are more permeable than their 
seals to water (Fig 2). Dr Ward mentions the use of a controlled 
environment with reduced oxygen, low humidity conditions 
and using a flexible isolator to reduce the moisture levels in the 
product. For COVID-19 testing, initial performance and rapid 
throughput may be more important than long-term stability 
and therefore some of these measures may not be necessary.
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Figure 2. Sealing issues

Freeze-drying Equipment 

As most companies are maximizing throughput over long-
term stability for COVID-19 diagnostic kits, smaller pilot dryers 
may be adequate for freeze-drying the components of the 
diagnostic tests. A typical pilot freeze dryer, a VirTis Ultra (SP 
Scientific) can freeze dry up to 5,000 x 2 mL vials, which is high 
enough output for most diagnostics. Larger freeze dryers that 
are designed for the pharma industry have additional functions 
not required for diagnostics, for example steam sterilization.

Summary

It is important to adopt a freeze-drying strategy for 
diagnostic biomolecular components according to the 
particular sensitivity of the molecule in question, being mindful 
of the issues discussed above, but also taking into consideration 
that all the normal rules apply as for the freeze-drying of any 
other diagnostics. In the case of a COVID-19 diagnostic test, 
reagents will likely be processed in small fill volumes but high 
batch numbers and the priority is focused on throughput rather 
than long-term stability; therefore this needs to be considered 
when designing a lyophilization protocol specifically for a 
COVID-19 diagnostic test.

To view the full webinar and download the slides, 
please go to the archived webinars on our website 
https://www.spscientific.com/Webinars/Archives/.
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Q&A Session

1. How do you compare spray-drying capabilities with freeze-drying?
 There have been several interesting studies carried out in recent years on this topic, and this has been an area of focus for Dr 

Sune Klint Andersen in Denmark.  I would recommend his articles on this for further reading.

2. In comparison between normal lyophilized vial product and diagnostic biologics product there might be at least 3% 
difference for moisture contents; how much is the moisture content for the diagnostic’s product in normal range? 
How long is the shelf life? 

 There can be quite a wide range in target moisture levels, depending on what is in the formulation and how long the 
lyophilized form needs to be stable at the desired storage temperature.  This will generally be governed by classic kinetics 
such as Arrhenius or Williams-Landel-Ferry, but the presence of water (or any other solvent) will plasticize the product, thus 
reducing its dry state glass transition temperature.  Additionally, a higher number of residual water molecules can lead to 
increase in hydrolytic-based reactions.

3. How much of the formulation and cycle development ends up being empirical?

 We often revert to a trusted list of ingredients for a lyo formulation, although in any event, we always characterize candidate 
formulations using freeze-drying microscopy and thermal / impedance analysis prior to programming a lyo cycle, so that we 
know what the maximum allowable product temperature is.

4. Any advantage for multi-steps of first drying?

 With the bottleneck in most cases being the increasing product resistance to vapor flow (Rp), we often find it can be possible 
to use more aggressive conditions early in primary drying to maximize efficiency, but it may be beneficial or even necessary to 
reduce heat input once Rp becomes more significant later in the process, to maintain the product below its critical temperature 
until all the ice has been removed.

5. How well does stoppering in small vials work? 

 It should work as well as with larger vials, but you may need to purchase some low-profile frames or trays that are shorter than 
the height of the fully stoppered vials.  You may also need to review the force applied by the stoppering ram and ensure the 
stroke length is sufficient to effect stoppering on all shelves.

6. What makes one COVID-19 diagnostic test yield results faster than another? 

 Some tests are antibody-based, while others are DNA- or RNA-based; also, they might be designed to work with different types 
of patient sample, which could contain the molecule of interest at varying concentrations.  The kinetics of the reaction will also 
vary with these and other parameters.

7. Presumably, with the smaller sample size, the risk of water uptake is even more critical and the likelihood of melt 
back during storage is more likely, unless the atmospheric environment is tightly controlled? 

 Yes, this can be an issue with any product of low mass – a small amount of water will represent a high percentage of its mass.  
This is where it can be useful to consider bulking agents, which increase the mass of dry material and can help ‘disperse’ some 
of the residual water away from the active ingredient(s).

8. How long can the diagnostic products be stored (i.e. room temperature)? 

 This will depend on the chemical stability of the components, the nature of any hydrolytic degradation reactions and the 
effect of residual moisture on the dry state glass transition temperature. The basic rule is that the glass transition temperature 
should be higher than the target storage temperature, but the situation will be more complex than that. We often find that 
where many pharmaceuticals have a target shelf life of 2-3 years, a more typical target for diagnostics would be somewhere 
between 6-18 months, although for many products, this may be in the refrigerator rather than at room temperature.
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9. Does high cake resistance lead to higher moisture levels post primary or secondary drying? 

 If cake resistance (Rp) is high right from the start of primary drying, it can lead to a lengthy process overall.  If all else 
remains equal, primary drying will be faster if the ice channels are larger (therefore lower Rp); however, this will tend to 
mean the material has a lower specific surface area, and so secondary drying (desorption) may be slower.  Most people 
will opt for more efficient primary drying, as it’s typically the longest part of the process and the highest risk step.

10. What is the range of volumes in loading? 

 We have seen a wide range of volumes in freeze-drying.  The largest volumes tend to be when people are carrying 
out ‘bulk drying’ where the product is filled into an open tray – in this case, the volume may be close to capacity of the 
condenser, which is generally not recommended.  The smallest volume we have worked with is a 5 µL fill in a specially 
designed 96-well plate.  We had 40 plates in our lyo, which meant less than 20 mL in our 35 L dryer!

11. Which excipients are commonly used for diagnostics? And which excipients were used to counteract the 
effect of glycerol? 

 As with many other products where the ‘sensitive’ molecules are protein-based, we find that the saccharides tend to 
be the favored lyoprotectants with enzymes or antibodies. Others include polymers, such as dextran, or sometimes 
other proteins or amino acids. Dextran has a high Tg’ value, so it can be a good molecule to counteract the effect of 
glycerol, although with certain PCR reactions, it has been noted that some large molecules (e.g. dextran, PEG) can 
interfere with the final assay (possibly with the primers and probes), so it would be prudent to screen candidate 
excipients first by ‘spiking’ them into the Mastermix prior to use.

12. Do you often see the need for a pre-chilled shelf for loading the samples? Do you have concerns about frosted 
shelf surface area and the freeze-drying process itself?  

 We typically use pre-chilled shelves where either (1) a product is particular unstable in the liquid form; (2) where 
we need to prevent crystallization of solutes in the formulation; or (3) in the case of low volume diagnostics as I 
mentioned earlier, which may evaporate prior to freezing. In all cases, it is likely that there will be some condensation 
or frost appearing on the shelves of the lyo during the loading process, especially if the humidity in the surrounding 
environment is high. There can be the concern that chamber evacuation will take longer, but maybe not significantly 
so.  Another practical issue can be that in a large dryer, loading can be difficult if some containers end up being frozen 
to the shelf. Once chamber evacuation is complete, there should not be any further impact unless you are already 
close to the condenser’s limit.

13. How long do you estimate it takes for a regular process validation of a glycerol-free formulation for a PCR 
diagnostics test with 500 µL to 1.5 mL? 

 We calculated that of all the freeze-drying runs we had ever carried out in our lab over a 15-year period, the average 
came out to almost exactly 48 hours. This will be much shorter for products with high collapse temperature + low 
fill depth + low concentration, and longer for products that are highly concentrated with a low collapse temperature 
and a high fill depth. If you have an unformulated PCR Mastermix but with no glycerol present, it will likely still have a 
low collapse temperature but if the volumes are low (or there is a good surface area to volume ratio), and the overall 
concentration is modest, it can sometimes be lyophilized in under 24 hours; with larger volumes such as 1.5 mL, it may 
take significantly longer unless it is processed in a container with a larger base area.

Freeze-Drying COVID-19 Diagnostics: 
Formulation & Process Development and Lyophilizer Selection


