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Experimental contamination of Minims of
fluorescein by Pseudomonas aeruginosa
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SUMMARY Contamination of fluorescein solutions by Pseudomonas aeruginosa has been a concern
of ophthalmologists for many years because of the severity of pseudomonas keratitis. Attempts to
prevent contamination have been directed at stringent sterility control during manufacture and the
introduction of single-dose disposable containers such as Minims. Deliberate contamination of
Minims fluorescein with Pseudomonas aeruginosa was attempted. Under conditions likely to be
met with in clinical practice the contents remained sterile. However, under extreme conditions of
immersion in pure broth culture of Pseudomonas aeruginosa contamination could be achieved.
The relevance of these results to clinical practice is discussed.

Contamination of fluorescein solutions by Pseudo-
monas aeruginosa has long caused concern ' because
of the severity of pseudomonas keratitis.' Fluores-
cein solution is widely used to delineate corneal
epithelial deficits,4 particularly in casualty depart-
ments, where superficial anterior segment trauma is
commonly seen.s' The corneal epithelium is a natural
anatomical barrier to infection, and defects whether
due to trauma (abrasions), virus infection (dendritic
ulcers), or degeneration (ruptured bullae) are portals
to the stroma for bacterial pathogens.
Although the commonest cause of a central

corneal ulcer is herpes simplex,7 bacterial corneal
ulcers still occur frequently, and, of these, Pseudo-
monas aeruginosa keratitis is the most common.'
Since fluorescein solutions are known to be capable
of contamination with Ps. aeruginosa, 12 considerable
effort has been spent on minimising the risk of an
already compromised cornea receiving an inoculum
of pseudomonas when fluorescein is applied. One
result has been the introduction of single-dose dis-
posable containers of fluorescein such as Minims and
others. While reputable and conscientious pharma-
ceutical companies will ensure that the fluorescein is
sterile when dispatched from the point of manu-
facture, the risk of accidental contamination at the
point of use does not appear to have been previously
assessed.
Corrcspondencc to Dr C. Claouc, 36a Qucens Gardens. Bayswatcr,
London W2.

Materials and methods

Fluorescein Minims consist of 1 or 2% preservative-
free fluorescein in a polypropylene Minims bottle
which tapers to a neck. The neck and exit pore are
covered by a polypropylene cap. A paper and poly-
propylene overwrap enclose the bottle and cap.

Experiment 1. One hundred Minims of 2%
fluorescein were removed from their overwraps and
immersed in a broth culture of 5-5 x 10O colony
forming units (cfu) per ml of a recently isolated strain
of Pseudomonas aeruginosa. After 5 minutes the
bottles were removed, shaken dry, the caps carefully
removed, and a single drop of the fluorescein plated
on to nutrient agar. Great care was taken to ensure
that no drop of broth on the bottle was allowed to run
up the neck after this had been exposed. The agar
plates were cultured at 37°C for 24 hours, at which
time any growth of pseudomonas was considered to
represent contamination of the fluorescein. As with
subsequent experiments, appropriate control plates
were used to check for aerosol contamination of
culture plates.

Experiment 2. One hundred Minims of2% fluores-
cein in overwraps were immersed in a broth culture of
9.5 x 10 cfu per ml of a recently isolated strain of Ps.
aeruginosa. After 5 minutes they were removed and
shaken dry. Each overwrap was opened, the Minims
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bottle removed, and a single drop of the fluorescein
plated on to nutrient agar, which was incubated as in
experiment 1.

Experiment 3. One hundred Minims of2% fluores-
cein were subdivided into two equal groups, one of
which had the overwraps removed. With surgical
gloves worn the hands were contaminated by immer-
sion in a broth culture of 8-5 x 105 cfu per ml of a
recently isolated strain of Ps. aeruginosa and then
lightly dried. A single drop of fluorescein was then
plated on to nutrient agar from each Minims bottle,
the overwraps being removed where necessary.
After every 10 operations the gloves were discarded,
cultured, and a new pair contaminated in an identical
fashion before proceeding. Incubations were as in
experiment 1.

Results

The results are presented in Table 1. It can be seen
that direct immersion of Minims bottles (experiment
1) in broth culture of Pseudomonas aeruginosa
resulted in contamination of the vast majority, but
that the presence of the paper and polypropylene
overwrap in experiment 2 reduced this to only a few
contaminated. When the bottles were manipulated
with gloves contaminated with Ps aeruginosa (all of
which were culture proved) the rate of contamination
was reduced yet further irrespective of whether the
overwrap had been previously removed.

Discussion

When Minims bottles of fluorescein are removed
from their overwraps and immersed in high titre
broth cultures of Pseudomonas aeruginosa, the first
drop of fluorescein used is contaminated in the
overwhelming majority of cases. It seems unlikely
that the organism would be able to penetrate the
relatively thick polypropylene walls of the Minims
bottle. Since care was taken to ensure that drops of
broth did not run down the side of the bottle and

Table 1 Number of plates of nutrient agar which grew
Pseudomonas aeruginosa after 24 hours' incubation at37'C.
In experiment 3a the overwraps were removed prior to
manipulation by contaminated gloves, whereas in experi-
ment 3b they were removed by the infected gloves

Experiment Number ofplates which grew
Pseudomonas aeruginosa

1 99
2 3
3a 0
3b 0

along the neck, this can also be discounted as the
cause of the contamination. It is more probable that a
meniscus of pseudomonas-contaminated broth was
formed at the base of the neck adjacent to the
opening of the cap. When the cap was removed, the
meniscus would be smeared along the neck to the exit
pore. This mechanism for contamination of eye drops
has previously been described."9 Preliminary experi-
ments (data not shown) suggest that, if the broth is
painted on with a bacteriological loop rather than
immersion of the bottle, then the contamination rate
is reduced to the very low levels seen in experiment 3.
This provides further support for the suggested
mechanism of contamination.
The presence of an intact overwrap significantly

reduces the incidence of contamination after immer-
sion in broth culture. Contamination probably occurs
when the pseudomonas broth leaks through the
paper section of the overwrap, producing a situation
identical to that found in experiment 1. When
contamination was attempted by using infected
hands (gloves) to manipulate the Minims bottles, the
level of contamination of the fluorescein was reduced
to a very low level irrespective of whether the
overwrap was previously removed or not.
Whereas contamination of the fluorescein could

regularly be obtained by immersing Minims bottles in
a high titre broth of pseudomonas, it seems incon-
ceivable that such a situation would arise in clinical
practice. Furthermore, the inoculum required to
produce disease in the human eye, and the size and
frequency of such inocula are unknown. A recent
study in hospital staff has shown that Ps. aeruginosa is
capable of colonising the skin under wedding rings,"'
thus creating a situation analogous to experiment 3.
Since no contamination of fluorescein was produced
by manipulation with experimentally contaminated
gloves, it may be concluded that this potential
reservoir of infection is not a significant risk to
patients.

This study was funded in part by the Wellcome Trust. I should like to
thank Dr Graham Hopkins of Smith and Nephew Pharmaceuticals
Ltd for helpful discussions and supplies of Minims. The technical
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Harber, Mr Tim Hodges, and Mr Paul Strickland. Mr Andrew
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Minims is a trade mark of Smith and Nephew Pharmaceuticals
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