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Background/aims: The majority of eye drops used in the
United Kingdom contain preservatives and are bottled in
plastic containers. Preservative free drops are used to avoid
ocular irritation and allergies in certain individuals. The aim
of this study was to investigate the incidence of microbial
contamination of preservative free drops dispensed from
multiusage containers.
Methods: Eye drop bottles were collected from patients
attending the Tennent Institute of Ophthalmology outpatient
and inpatient departments. The bottles were collected on day
3 (for inpatients) and day 7 (for outpatients) of use. The drops
were inoculated onto different culture plates (chocolate agar,
blood agar, fungal culture media, and enriched media) and
the resulting microbial growth was identified using standard
microbial identification techniques.
Results: 95 eye drop bottles were collected, containing a
variety of 10 different eye drops. Significant bacterial growth
was found in eight bottles. In total, seven different types of
organism were identified from the eye drops. The organisms
identified were Staphylococcus aureus, coagulase negative
staphylococcus, Bacillus spp, Serattia spp, Klebsiella oxy-
toca, Enterobacter cloacae, and alpha streptococcus. Staph
aureus was the commonest microbial organism.
Conclusion: Preservative free eye drops in multiple applica-
tion containers are at risk of contamination by potentially
pathogenic micro-organisms.

M
ost eye drops in the United Kingdom contain
preservatives bottled in plastic containers.1

Preservatives are added to avoid microbial contam-
ination of the drops.2–4 The addition of preservatives may
cause ocular irritation, allergies, and disruption of the ocular
surface.5 Preservative free drops are prescribed for patients
who are susceptible to reactions from preservatives, and to
those who need frequent applications. However, microbial
contamination of eye drops can lead to serious consequences
with corneal infections and perforations having been
previously reported.

Preservative free eye drops, that are not available commer-
cially are supplied by Moorfields Eye Hospital Pharmacy, and
stored locally in traditional glass containers designed for
multidose use (fig 1). These preparations are given arbitrary
time limits of use; between 1 and 7 days, based upon
practical considerations of maintaining supply.

At present, preservative free eye drops in multiple
application containers may be used for 3 days (inpatients)
or 7 days (outpatients). This time period is arbitrary—not
evidence based. A Department of Health directive recom-
mended that ‘‘…urgent investigation…’’ is necessary to
determine the safety period of use of preservative free eye
drops dispensed in traditional glass bottle containers.6 The

aim of this study was therefore to evaluate and compare the
microbial contamination arising after 3 days’ and 7 days’ use
of preservative free eye drops in multiple application glass
containers.

MATERIALS AND METHODS
Preservative free eye drops were obtained from Moorfields
Eye Hospital Pharmacy, and prepared and stored into
multiple application bottles by the Gartnavel General
Hospital Pharmacy according to good medical practice
guidelines. Eye drops were administered by nursing staff
for inpatients, and by patients themselves in an outpatient
setting. Used eye drop bottles were collected on either day 3
(inpatients) or day 7 (outpatients) of use. All patients gave
informed consent for their used eye drop bottles to be
analysed. Altogether, 10 different types of preservative free
eye drop preparations were used (table 1).

The eye drop preparations were analysed both qualitatively
and quantitatively.

One ml of eye preparation was added to each of two blood
culture bottles (aerobic and anaerobic). Bottles were then
incubated for a maximum of 14 days. If the cultures showed
growth, an aliquot of broth was removed and examined as
per standard laboratory procedures.

The quantitative analysis is detailed as follows: 0.1 ml
aliquots of the eye preparations were dropped onto the
surface of two blood agar plates, one chocolate agar plate,
and two Sabouraud-dextrose agar plates. The 0.1 ml aliquots

Figure 1 Glass container designed for multidose use.
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were spread over the surface of the agar plates. One blood
agar plate was incubated aerobically and the other anaero-
bically, both at 37 C̊ for 48 hours, and then at 30 C̊ for a
further 5 days. The chocolate plates were incubated at 37 C̊ in
CO2 for 7 days. The sabouraud-dextrose plates were incu-
bated for 14 days at two different temperatures: one plate at
37 C̊, and another at 30 C̊. Colonies on the plates were
counted at the end of the incubation period and values were
given as colony forming units/litre. Any isolates were
identified and then stored.

Statistical method
The 95% and 99% confidence intervals of the incidence of
contamination were found using the binomial distribution.
The statistical significance of the incidence in contamination
between antibiotic preparations and non-antibiotic prepara-
tions, and between hospital inpatients and outpatients were
compared using Fisher̀s exact test.

RESULTS
Altogether, 95 eye drop bottles were evaluated; 75 bottles
were from inpatients, and 20 were from outpatients. The
range of different eye drops analysed, and the number of
contaminated bottles is presented in table 1.

Eight out of the 95 eye drop bottles were found to be
contaminated by bacteria. This represents an overall inci-
dence of 8.4%, with a 95% confidence interval of 3.71% to
15.9%, and a 99% confidence interval of 2.77% to 18.5%.
None of the 53 antibiotic eye drop bottles showed signs of
contamination, but the overall incidence of contamination in
the 42 non-antibiotic bottles was 19% and the difference
between these two groups was statistically significant
(p,0.01). Hypromellose appeared to be the most likely eye
drop bottle to be contaminated (60%), followed by predni-
solone (21.4%) and then acetylcysteine (11.1%).

Of the 75 bottles collected from inpatients, three were
contaminated (4%), whereas five out of 20 outpatient bottles
were contaminated (25%). The difference between these
groups was found to be statistically significant (p,0.01). Out
of the 75 bottles examined from inpatients, 42 were non-
antibiotic bottles and the contamination rate in these bottles
was 12%. The contamination rate for non-antibiotic bottles
collected from outpatients was 38%. The difference between
these groups was found to be statistically significant
(p,0.01). The identity of contaminating micro-organisms is
presented in table 2.

It should be noted that several of the contaminated bottles
grew more than one type of contaminant. The most common
contaminant was Staph aureus, with a percentage occurrence
of 4.5%.

DISCUSSION
We noticed a high incidence (8.4%) of microbial contamina-
tion of preservative free ophthalmic medications in multiple
application containers during the usage period. The rate of
contamination was high in non-antibiotic medications
(19%). Although several studies have documented contam-
ination of preserved eye drops, to the best of our knowledge,
none has examined the contamination of preservative free
drops dispensed from multiple application containers in a
clinical setting. The contamination rate of preserved eye
drops varies between 2.2% and 34.8%.4 7

Altogether, seven different organisms were detected, and
only one of these (coagulase negative staphylococcus) was a
normal commensal of the conjunctival flora. Contamination
of eye drops can lead to serious ocular infections especially
when the ocular surface defences are compromised with
topical steroids. Application of contaminated eye drops may
lead to potentially devastating consequences in patients with
ocular surface diseases and after intraocular surgery where
there are wound leaks. Templeton et al reported three cases
post keratoplasty, in which Serratia marcescens keratitis
developed as a result of the contamination of eye drops with
this organism.8

Contamination was common in non-antibiotic bottles.
Negative culture results from antibiotics such as gentamicin
and cefuroxime may be the result of the high concentration
of antibiotics, or the techniques used may not have been
sensitive enough to isolate any contaminants. Previous
studies on preserved eye drops have found high contamina-
tion rates in b blockers, steroid drops, and ocular lubricants.9

One study, in which a range of preservative free eye drops
were intentionally inoculated with four different micro-
organisms in order to test their inherent antimicrobial
efficacy, also concluded that acetylcysteine, hypromellose,
and prednisolone drops are prone to contamination even in
the presence of preservatives.10 Our study has shown that
contamination occurs in both inpatient and outpatient
settings and that eye drops used by outpatients are more
likely to be contaminated than those used by inpatients.
Moreover, the highest rates of contamination were seen in
non-antibiotic bottles used in an outpatient setting (38%).

Contamination of eye drops may be related to the design of
multiple application containers. During administration, the
pipette attached to the cap of the bottle, comes completely
out of the container, and this exposes the open contents of
the bottle directly. Previous studies on preserved eye drops
have concluded that pathogenic Gram negative bacteria are
more likely to grow in the bottle reservoir than Gram positive
organisms, which are mainly commensal in the environ-
ment.9 11 Spillage of the contents can also increase the chance
of contamination. Poor technique in administering the drops
is a further risk factor for contamination, especially if

Table 1 The range of eye drop bottles analysed

Number of
containers
analysed

Number of
contaminated
bottles % contamination

Gentamicin 20 0 0
Cefuroxime 18 0 0
Acetylcysteine 18 2 11.1
Prednisolone 14 3 21.4
Dexamethasone 7 0 0
Vancomycin 6 0 0
Hypromellose 5 3 60
Amphotericin 3 0 0
Cyclosporin 2 0 0
Fluconazole 2 0 0
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patients are self administering in an outpatient setting.
Elderly patients, with poor vision and coordination, may
inadvertently touch their eyes or skin with the pipette
dropper, and on insertion of the dropper back into the
container after use, may again contaminate the container.
Patients who have to use these drops very frequently greatly
increase the risk that any or all of the above situations may
occur.

Unfortunately, there are no commercially available multi-
ple application containers that have been proved to
prevent contamination rates for preservative free medica-
tions, although several alternatives are available in other
countries. In France, multiple application plastic squeeze
bottles are available that contain an expurgating filter to
remove preservatives before they reach the ocular surface.12

Another design in the United States involves preserving
medications in a boric acid-perborate mixture, which
results in a hydrogen peroxide preservation system that
decomposes on the ocular surface to water and oxygen.12

In Germany, a specially designed container is used to
deliver preservative free medications.12 13 However, no clinical
trial of these designs has been carried out to determine
their effectiveness at reducing contamination, and all
these designs consist of plastic, squeeze containers with
screw-on caps—a design that can still result in microbial
keratitis.8 9

Preservative free eye drops are commercially available in
unit dose vials (UDVs), but their use in a domicillary setting
is prohibitively expensive. Single unit preservative free drops
are 1169% more expensive than the equivalent preserved eye
drops.10 It may also be inconvenient and cumbersome to carry
boxes of these vials, compared with a single, multiple
application container.

Preservative free eye drops in multiple application con-
tainers are at risk of contamination with potentially
pathogenic micro-organisms. This may place some patients
at increased risk of developing serious ocular infections.
The prescription of these drops to patients with compro-
mised ocular surface defences needs to be considered with
caution.
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Table 2 Identity of contaminating micro-organisms

Contaminating
micro-oganism
isolated

Number of containers
contaminated

Occurrence
(% of total)

Staph aureus 4 4.5
Coagulase negative staphylococcus 1 1.1
Bacillus spp 1 1.1
Serattia spp 1 1.1
Klebsiella oxytoca 1 1.1
Enterobacter cloacae 1 1.1
Alpha streptococcus 1 1.1
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