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The trusted technology of glass Cell-Free DNA BCT® is now available in the 
Fusion2™ hybrid plastic blood collection tube. The Fusion2 tube brings together 
a medical-grade plastic, cyclic olefin polymer (COP), with a thin, transparent 
silicon-based barrier layer. Once fused together using a state-of-the art plasma 
process, the finished product provides a tube with the best properties of glass 
and the safety and convenience of plastic. The plasma process, described 
elsewhere1, controls the coating material characteristics. 

This internal multilayer barrier coating system for the Fusion2 tubes was 
developed by SiO2 Medical Products with specific functional attributes for 
each layer as shown below. Designing and engineering a tube with improved 
or comparable performance attributes over existing tubes requires a solid 
understanding of the deficiencies of existing materials, such as borosilicate 
glass and polyethylene terephthalate (PET), and the material science to 
address them.

Each layer of the Fusion2 tube was optimised following Quality by Design 
principles to deliver the best combination of product performance attributes. 

Existing Material Deficiency: The stabilisation reagents used in commercial 
cell-free DNA blood collection tubes are water-based multi-component solutions. 
Over time, evaporation of the stabilisation reagents has the potential to occur in 
PET tubes due to a poor vapour barrier.

Fusion2 tubes prevent the evaporation of valuable stabilisation reagents 
over time. 

Water vapour transmission rate (WVTR) was measured according to USP 671 
test method on plastic 9 mL blood collection tubes comparing Fusion2 with PET. 
PET tubes exhibit a poor vapour barrier and the water-based multi-component 
solutions are predisposed to precipitation and/or gelling, resulting in excessive 
cell lysis if too much water is lost over its shelf life. Fusion2 tubes outperform 
PET tubes in regards to water vapour barrier properties. 

Fusion2 Tubes PET Tubes

Fusion2 tubes show over 700 times lower WVTR compared to PET tubes, which 
significantly reduces the risk of water loss related issues to the preservative 
reagent and after blood collection.
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Fusion2 tubes exhibit 10 times longer vacuum retention stability compared to 
PET tubes.  

Fusion2 TubesCOP Tubes PET Tubes

Existing Material Deficiency: Glass containers are not robust and durable, 
leading to potential breakage during transport and sample processing.

Fusion2 tubes are extremely robust and durable, making them resistant to 
breakage; both the medical-grade plastic and silicon-based barrier layer 
stay intact. 

COP has exceptional mechanical properties such as impact and mechanical 
compression resistance. COP has higher compression resistance compared to 
glass which is illustrated in the load versus height deflection graph below. A COP 
container was compressed top down with forces approaching 1500 lbs before 
permanent deformation or deflection was experienced. A glass container of 
similar dimensions shatters at compression forces approaching 400 lbs. Fusion2 
tubes maintained their oxygen barrier after exceeding 1000 lbs of compression. 
This suggests that the barrier coating is robust, well-adhered and intact. 

Impact resistance was demonstrated by dropping nominally filled and stoppered 
Fusion2 tubes from a height of 36 and 48 inches onto a hard flat surface. Over 
400 tubes exhibited no visual signs of chips, cracks or fractures after the drop test.

Additionally, Streck has internally validated a spin speed on the Fusion2 tubes 
up to 3,000 x g for 10 minutes in accordance with ISO 6710. 

Fusion2

PRODUCT ATTRIBUTES

OXYGEN BARRIER & VACUUM RETENTION
PRODUCT ATTRIBUTES

DURABILITY

Existing Material Deficiency: PET tubes exhibit oxygen permeability through 
the plastic, which results in slower draw times and under filled tubes. 

Fusion2 tubes have an excellent oxygen barrier which prevents oxygen 
permeability over time. 

Oxygen transmission rate (OTR) was measured by optical fluorescence2,3 on 
plastic 9 mL blood collection tubes, including COP, Fusion2 and PET. The OTR, 
expressed as a rate constant, of a Fusion2 tube is about 85 times lower than 
COP tubes but, more importantly, about 10 times lower than a PET tube. The 
OTR constant is directly proportional to the vacuum retention stability over 24 
months of storage. This relationship is based on the fact that oxygen permeates 
3.8 times faster than nitrogen in 1 atm of air through both COP and PET. 



The new tube material must perform equally to the glass Cell-Free DNA BCT in 
terms of sample stability. 

Cell-Free DNA BCT in Fusion2 tubes provide the same trusted whole 
blood stabilisation properties as glass Cell-Free DNA BCT.

Cellular DNA contamination of the native cell-free DNA (cfDNA) complement 
was measured in blood plasma drawn into evacuated glass and Fusion2 
blood collection tubes and stored at three temperatures (i.e., 6 °C, 22 °C and 
37 °C). Plasma was separated by centrifugation and the cfDNA was isolated 
and quantified by Droplet Digital Polymerase Chain Reaction (ddPCR) from 
each tube after 7 and 14 days of storage. Values of cfDNA, quantified in units 
of genome equivalents per 1 ml of plasma, were maintained well below an 
upper acceptance threshold of a four-fold increase after 14 days storage at 
22 °C. Similar results (not shown here) were demonstrated at 6 °C and 37 °C 
storage temperatures. These results demonstrate that there was no statistical 
difference in the blood stabilisation characteristics of glass Cell-Free DNA 
BCT and Cell-Free DNA BCT in the Fusion2 tubes. 

A model test was performed with an antioxidant, Irganox 1076, which 
demonstrates the barrier properties of Fusion2 tubes.  Irganox 1076 was 
compounded into the COP before molding into a tube.  The data shows that 
the barrier coated tubes do not allow Irganox 1076 to migrate into the extract 
solution.  

•  Irganox 1076 antioxidant was blended into COP resin at concentration of 1%
by mass and tubes were moulded.

•  Extraction performed using 15% cyclohexane in Isopropyl Alcohol at 65 °C 
for 24 hours and analysed by HPLC

•  Quantitative detection limit for Irganox 1076 was 0.1 µg/mL

• Three replicates per vial type 

Existing Material Deficiency: PET contains chemical compounds such 
as acetaldehyde that can leach from the container and introduce foreign 
components/chemicals into liquid samples. 

Fusion2 tubes, with their silicon-based barrier layer, block leachables 
from migrating into the liquid samples. 

Fusion2 Tubes
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Existing Material Deficiency: Borosilicate glass has the potential to 
delaminate, or flake off, into samples due to metal oxide additives inherent in the 
manufacture of glass.  

Fusion2 tubes with their ion free barrier layer provide no mechanism 
for delamination. 

Delamination of borosilicate glass results in subvisible particles in a contacting 
aqueous solution. Particles are generated as a result of ion migration from the 
glass into solution forming a weak boundary layer that eventually delaminates 
into solution.4 Ions such as boron, sodium, aluminum and calcium, commonly 
found in multicomponent glass, have been implicated in the delamination 
mechanism that produces particles. Glass delamination has been connected in 
countless parenteral drug product recalls to date.

Fusion2 tubes are cyclic olefin polymer coated internally with a thin, transparent 
silicon-based barrier layer. Since ions are not present in the coating, 
delamination by ion exchange with the solution cannot exist.5 Furthermore, 
no metal ions can leach into solution, unlike borosilicate glass. The molecular 
structure of the contact surface is shown to contain only carbon, oxygen, silicon 
and hydrogen. This amorphous organosilica surface has been shown to be 
stable in aqueous solutions ranging in pH from 3.5 to 8.0.6

The new tube material must have optical clarity similar to glass Cell-Free DNA 
BCT for compatibility with automated systems.

Cell-Free DNA BCT in the Fusion2 tube provides similar optical clarity to 
glass Cell-Free DNA BCT for continued automation capabilities. 

The clarity of borosilicate glass and Fusion2 tubes is compared in the UV-VIS 
spectra below. The optical clarity as measured by the percent transmission of 
visible light is similar for glass and Fusion2 tubes, in the 88-91% range. The 
ultra-violet (UV) absorbance cut-off of glass is at 360 nm compared to Fusion2 
tubes at 275 nm. This indicates that the glass absorbs or blocks UV light below 
360 nm whereas the Fusion2 tube blocks below 275 nm.

Fusion2
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Cell-Free DNA BCT® powered by Fusion2™ tubes

Water Vapour 
Barrier

 Superior to PET
 Comparable to Glass

Prevent the evaporation  
of the stabilisation reagent 
over time

Oxygen Barrier/ 
Vacuum Retention

 Superior to PET
 Comparable to Glass

Prevent oxygen permeability 
which leads to under filled 
tubes and slower draw times 

Breakage and 
Cracking  Superior to Glass

Prevent possibility of 
breakage during transport 
and sample processing

Leachables/ 
Extractables  Superior to PET

The barrier layer applied 
to each vial prevents any 
leachables from migrating 
into liquid samples

Blood Plasma 
Stability

 Comparable to Glass
Same trusted whole blood 
stabilisation properties as 
glass Cell-Free DNA BCT

Optical Clarity  Comparable to Glass
Optical clarity similar to glass 
for continued automation 
capabilities

Delamination  Superior to Glass
Ion free barrier layer  
provides no mechanism 
for delamination

Dimensional 
Consistency  Superior to Glass

Precision moulding provides 
a more consistent dimension 
for reliable automation 
capabilities

BENEFITS REFERENCES

SPECIFICATIONS
Tube Size: 16 x 100 mm

Draw Volume: 9.0 mL

Shelf Life: 24 months from manufacture

cfDNA/gDNA Sample Stability: 14 days at 6 °C - 37 °C

CTC Sample Stability: 7 days at 15 °C - 30 °C
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GLOSSARY

COP - Cyclic Olefin Polymer- An amorphous polymer commonly used in 
the manufacture of lenses, vials, and medical devices due to its exceptional 
chemical and physical properties. 

Delamination - A mode of failure for composite materials. In the case of glass, 
delamination can cause glass particles to flake and compromise the durability of 
the glass. 

Extractables - Compounds that can be extracted from the container closure 
system in the presence of a solvent.

Irganox 1076 - A sterically hindered phenolic primary antioxidant, which was 
used in this publication to demonstrate the barrier properties of Fusion2 in 
regards to leachables and extractables. 

Leachables - Compounds that can migrate from components of the container 
over the course of its shelf life. i.e.,) chemicals in plastic, adhesive from labels, 
components of glass.

OTR - Oxygen Transmission Rate- The measurement of the amount of oxygen 
gas that passes through a substance over a given period of time. 

PET - Polyethylene Terephthalate- A synthetic resin made by copolymerizing 
ethylene glycol and terephthalic acid. Commonly used in the manufacture of 
plastic containers. 

WVTR - Water Vapour Transmission Rate- A measure of the passage of water 
vapour through a substance over a given period of time.




