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Using Intelligent Design to Deliver Safe  
Preservative-free Multidose Eye-drops

A significant patient population requires 
the long-term use of eye-drops 
multiple times a day. Maintaining the 
sterility of eye-drops is important 
for patient health. Single-use doses 
are expensive and preservatives can 
cause allergies and irritation, but the 
intelligent design of multidose bottles 
provides a viable means of delivering 
safe, preservative-free eye-drops.  

Patients Need Sterile Eye-drops 
The topical administration of drops 
is an efficient and common delivery 
method for medicines to the eye. 
Patients who have undergone eye 
surgery need to self-administer 
eye-drops to prevent or treat 
infections and inflammation in the 
weeks after surgery.  

A significant patient population 
has conditions that require the 
long-term daily use of eye-drops. 
For example, dry eye syndrome is 
associated with aging, contact lens 
use and environmental factors such 
as windy or sunny weather. It affects 
an estimated 5% of over 50s in the 
USA1 and is usually managed using 
an artificial tear solution which 
needs to be applied up to four to six 
times a day, often for the rest of the 
patient’s life. Conditions such as hay 
fever and glaucoma also require the 
long-term use of self-administered  
eye-drops.

It is important that all eye-drops 
are kept free from bacteria. 
The microbial contamination of 
eye-drops is a significant risk factor 
in the development of bacterial 
keratitis2. Post-operative patients 
are at particular risk of infection, as 
are patients who have used topical 
steroids, since they lower the ocular 
defences3. 

Preservative-free Formulations are 
Better for Patient Health
One way of keeping multidose 
eye-droppers safe for patients is to 
add preservatives to the formulation. 

However, the use of preservatives can 
cause allergies or ocular irritation, 
and some can even cause a toxic 
response, damaging patients’ eyes 4.  
Any such reactions are particular 
issues for patients who rely on 
the long-term use of eye-drops 
for chronic conditions. In 2009 the 
European Medical Agency stated 
that the ‘inclusion of antimicrobial 
preservatives or antioxidants in 
a finished product needs special 
justification.’ 

Even when preservatives are 
tolerated in an adult population, there 
are still questions over tolerance 
for the paediatric population. 
The EMA have stopped short of a 
general recommendation not to 
use preservatives in eye-drops, but 
they recommend that, ‘preservative 
free formulations whenever 
possible should be considered’ 
and that ‘ophthalmic preparations 
without preservatives are strongly 
recommended for use in paediatric 
patients, especially neonates’. They 
also noted that ‘it is nearly always 
technically possible to re-think the 
product development to remove 
[preservatives] or minimise their  
use’ 5.

Preservative-free Unidoses are 
Effective but Expensive
Unidose eye-droppers are a 
commonly used delivery method 
for preservative-free eye-drops. 
By virtue of being single-use, there 
is no opportunity for bacterial 
contamination at the point of  
use.

Unidoses are ideal for clinical 
settings, especially during surgery. 
However, they are too costly and 
inconveniently bulky to make them 
suitable for home use for chronic 
conditions. Single-unit preservative-
free drops have been calculated 
to be 1169% more expensive to 
produce than the equivalent 
preserved eye-drops in a multidose  
bottle6.

Intelligent Design for Preservative-
free Multidoses 
The alternative way to keep eye- 
droppers clean is by the intelligent 
use of technology. Rather than relying 
on the anti-microbial properties of 
preservatives to kill any bacteria that 
enter the bottle, the ideal approach is 
to prevent any entry of bacteria into 
the bottle in the first place.

Multidose bottles dispense 
drops using either a non-return 
valve or a filtering system. Most 
commercially available bottles 
designed for multidose preservative-
free eye-drops rely on a filtering 
system to stop the entry of bacteria. 
When a drop is dispensed, the 
volume of the dose is compensated 
by air. Eye-drops can become 
contaminated in two main ways: by 
contaminated air entering the device 
or by contaminated liquid re-entering 
through the filter. 

Filtering Out the Bacteria?
Anti-microbial filters are typically 
made of a nylon fibre membrane 
that consists of tightly-packed layers 
of strands of nylon fibres (Figure 1).  
Filters work on the mechanical 
principle that bacteria are large 
molecules that do not fit through 
the very small holes, while air and 
non-viscous solutions are able to 
pass through without hindrance.

Figure 1: A scanning electron micrograph of a 
nylon membrane filter (pore size 0.22 μm).
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Figure 2: A scanning electron micrograph of a 
Millipore membrane filter (pore size 0.22 μm) 

showing a distribution of pore sizes12. The bar in the 
bottom right hand corner of the image is 1 μm long. 

could be due to the nature of the 
material of the filters. The sponge-like 
structure includes holes of varying 
sizes (Figure 2), some of which are 
statistically likely to be larger than 
0.2 μm. In fact, one study found that 
0.2 μm filters have a distribution of 
pore sizes that includes some as big 
as 0.5 μm10. 
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 0.22 μm sterile filters are industry 
standards, but their effectiveness as 
bacterial filters has been challenged 
in the literature. Unfortunately, it has 
been found that bacteria are capable 
of routinely penetrating 0.22 μm 
filters, even when the molecules seem 
to be too big to fit through the holes. 

In the 2002 paper ‘Big bacteria 
pass through very small holes’7,  
Wainwright et al. found that 
‘common, potentially pathogenic, 
bacteria (which are nominally larger 
than 0.2 μm) can cross a 0.2 μm 
nylon membrane. All of the bacteria 
crossed from the upper membrane 
surface to the solid medium below 
the membrane; this ability was 
highly repeatable and did not 
depend on the make of membrane 
used. Bacteria growing below the 
membrane exhibited normal size and 
morphology.’

In 2010, Onyango et al.8 noted 
that, ‘the assumption that filters 
with pore sizes ≤ 0.45 μm can retain 
bacterial populations has repeatedly 
been disproved with the observation 
of regular passage of cells through 
0.45 μm, 0.22 μm and even 0.1 μm 
sterile filters.’ Their findings showed 
that ‘staphylococcal bacteria were 
capable of passing through sterile 
filters in a viable state.’ 

Even where filters are shown to be 
effective, the filtered bacteria clearly 
remain on the filter. A 2006 study on 
the efficacy of single-use bacterial 
filters showed ‘a significantly greater 
bacterial growth on the proximal side 
of the filter compared with the distal 
side’9. Eye-drop filters act in two 
directions: pressure on the sides of 
the plastic bottle dispenses a dose 
through the filter to the patient’s eye; 
when the pressure is released, air 
and a small amount of liquid passes 
back through the filter and into the 
bottle. Therefore, bacterial growth on 
the filter represents a contamination 
risk for the delivered dose.

What Makes Filters Unreliable?
The evidence that bacteria can pass 
through 0.2 μm filters is clear, but 
the reasons are not obvious.

One possibility for the observed 
passage of bacteria through filters 

Individual testing would eliminate 
doubt over the viability of each filter, 
but the process used to test filters 
is destructive11. The testing method 
introduces bacteria and liquid onto 
the surface of the filter. This starts 
bacterial growth on the filter and 
therefore decreases the subsequent 
shelf-life of the dispenser. Therefore, 
in-line testing of multidose dispensers 
that rely on filter technology is not 
possible. Instead, testing is carried 
out statistically on only a proportion 
of the dispensers.

However, it is likely that larger holes 
in the filters is not the sole mechanism 
of bacterial penetration. Hasegawa 
et al.12 found that the bacteria,  
‘P. aeruginosa passed through a 0.22 
μm pore size filter. The membranes 
which allowed passing-through of 
bacteria showed normal bubble 
point values in the integrity test.’ This 
demonstrates that bacteria are still 
capable of passing through a reliable 
0.22 μm pore size filter.

Onyango et al.’s study8 refers to the 
finding of 0.5 μm holes in a 0.2 μm 
filter10, but notes that this, ‘is highly 
unlikely the reason for the observed 
result in our study.’ Instead, they 
point to bacterial motility as a major 
factor in filter penetration.

Bacterial Motility is a Cause of 
Filter Penetration
Bacteria come in a variety of shapes 

and sizes, but many of them share 
the ability to self-propel by twitching, 
rotating or gliding. Twitching is the 
most common form of motility and 
is achieved through movement of 
the flagella in a way that makes the 
bacteria appear to swim. Studies 
have shown that this motility 
enables bacteria to move through 
very small channels relative to their  
size. 

Hasegawa et al.12 demonstrated 
that P. aeruginosa were able to pass 
through a reliable 0.22 μm pore 
size filter. They then experimented 
with a strain of the bacteria P. 
aeruginosa that was defective in 
twitching motility, and found that 
it was unable to pass through the 
0.22 μm filter. They concluded that it 
is the flagellum-dependent motility 
of P. aeruginosa that enabled it to 
penetrate fine filters. 

In their 2009 paper, Männik et al.13  
set out to establish how the 
relatively large Escherichia coli and 
Bacillus subtilis bacteria can move 
in very narrow channels. They found 
that ‘both E. coli and B. subtilis are 
motile in channels which only 
marginally exceed their diameters  
(by ~30%).’

Bacteria Also Penetrate by Growth 
and Division
Männik et al.13 went on to find that 
E. coli bacteria lose their ability to 
swim in channels narrower than their 
diameter. Surprisingly, they found 
that, despite this, they are still able 
to penetrate narrow channels. They 
observed that over time, through the 
mechanism of growth and division,  
E. coli bacteria were able to penetrate 
filter channels ‘with a width that 
is smaller than their diameter 
by a factor of approximately 2.  
Within these channels, bacteria are 
considerably squeezed but they still 
grow and divide.’

This has clear implications 
for the effectiveness of filters 
for multidose preservative-free 
eye-droppers. Filtering liquid several 
times a day means that the filter 
remains wet throughout the usable 
lifetime of the device, presenting 
ideal conditions for bacterial  
growth.
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An Alternative to Filters Based on 
Silicone
A viable alternative to the use of sterile 
filters for multidose preservative-
free eye-droppers is a non-return 
valve system used in conjunction 
with a silicone membrane to prevent 
contamination ingress into the system 
(Figure 3). The one-way valve ensures 
that no contaminated liquid can be 
re-introduced to the bottle after the 
drop has been dispensed, completely 
removing the need to filter the liquid. 
The intake of air into the dispenser 
takes place via a separate venting 
system with a silicone membrane, 
called PureFlow® technology.

Figure 3: The system uses a non-return valve that removes the need to filter the liquid. This makes it 
possible to use a silicone membrane to filter the air. 

provides an even greater assurance 
of safety for the patients. 

Different specific tests have 
also been designed to challenge 
the non-return valve and the 
silicone membrane, which are the 
key components that ensure the 
content’s sterility:

Non-return valve integrity test (Figure 4)
•  Goal: Demonstrate the ability of the 

one-way valve to prevent micro-
organisms from entering the bulk 
solution even after severe misuse.

•  Method: 50 drops dispensed into 
air and then the tip of the TSB 

(tryptic soy broth, a very nutritive 
solution) filled bottle is dipped into 
a contaminated solution and left 
immersed for several days.

•  Result: No cloudiness/contamination 
observed in the content.

>  The non-return valve avoids any 
contamination of the content by 
preventing liquid back-flow. 

Figure 4: Non-return valve integrity test

Figure 5: Venting hole integrity test

Venting hole integrity test
•  Goal: Demonstrate the ability of 

the silicone membrane to protect 
contents against microbial ingress, 
even after severe misuse.

•  Method: 50 drops dispensed into 
air from TSB filled bottle and then 
a contaminated solution is placed 
in the venting hole to sit in contact 
with the silicone membrane for two 
hours.

•  Result: No cloudiness/contamination 
observed in the content.

> PureFlow technology protects 
the finished product against 
micro-organisms. 

The principle of PureFlow techno-
logy is that air diffuses through the 
membrane in order to enter into the 
bottle and compensate the negative 
pressure inside. The diffusion of 
gas molecules through the silicone 
membrane is a slow process in 
which the gas molecules migrate 
from free volume to free volume 
(permeability). Therefore, PureFlow 
technology isolates the solution 
from the external environment and 
maintains its sterility.

The separation of the dose delivery 
from the venting system means 
that the membrane is kept dry. This 
minimises the risk of bacterial growth 
on the surface of the membrane, and 
also means that the testing process is 
non-destructive. In fact, devices that 
use this technology can be tested 
individually in-line as a consistent 
part of the manufacturing process to 
ensure robust quality standards. This 

A non-return valve combined with 
a silicone membrane venting system 
demonstrates how intelligent design 
can be used to prevent the entry 
of bacteria into a bottle, making it 
possible to deliver safe, multidose, 
preservative-free eye-drops. As such, 
PureFlow® technology provides a 
safer alternative to filters as all 
the critical components linked to 
the sterility of the device are 100% 
controlled online by air testing, 
ensuring that each single device 
released is safe for use by patients.
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