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Microbial contamination of medications used to
treat glaucoma

Orna Geyer, Edward J Bottone, Steven M Podos, Robert A Schumer, Penny A Asbell

Abstract
Aims-A study was conducted to estimate
the frequency of contamination of topical
antiglaucoma medications used by
asymptomatic patients.
Methods-The drops and the bottle tips of
194 in use topical medications and the
conjunctiva from 109 treated glaucoma
patients were cultured.
Results-Bacteria were recovered from
55 (28%) medications. The bottle tip
was more frequently contaminated than
the drops (p=0008). Gram positive
organisms were cultured from 50 (91%) of
55 contaminated medications. Thirteen
patients (12%) had the same micro-
organism recovered from the conjunctiva
and from the contaminated medication.
The frequency of contamination of
medications increased with increasing
duration of use. Bacterial contamination
occurred in 19% of eyedrops less than
8 weeks old in contrast with 40%/o ofbottles
used for more than 8 weeks.
Conclusion-Our data suggest that ocular
medications to treat glaucoma frequently
become contaminated with bacteria and
that contamination is related to duration
of use. We therefore recommend that
opened topical antiglaucoma eyedrops
should be replaced on a regular basis.
(Br_J Ophthalmol 1995; 79: 376-379)
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The use of contaminated eyedrops and their
containers may give rise to serious ocular
infections. In most cases of glaucoma,
topically applied antiglaucoma agents con-

stitute the first line of therapy as well as

being the most frequently used medications.
Eyedrops contaminated with bacteria that are

used for glaucoma treatment have been impli-
cated in ocular infections.1 2 Templeton and
associates' described three cases of Serratia
marcescens keratitis after keratoplasty. The
same bacterial species was recovered from the
outer grooves of in use bottle tops, but not
from the eyedrop solutions (timolol, pred-
nisolone). Schein et a12 reported seven cases
of severe Gram negative bacterial keratitis
associated with the use of contaminated
topical medications. Timolol maleate was

implicated in most of these cases.

We conducted a study to estimate the fre-
quency of microbial contamination of topical
antiglaucoma medications used by asympto-
matic patients. Simultaneously, we cultured
the eyes of these individuals and correlated
these findings with the micro-organisms
cultured from their medications.

Materials and methods

PATIENTS
A total of 109 consecutive glaucoma patients
using topically applied ocular medications
were recruited from the private glaucoma
service and the glaucoma clinic of the Mount
Sinai Hospital, New York, from May to
October 1992. Sixty two consecutive age-
matched controls with normal eyes, who were
not using any topical ocular medications,
were recruited from the private service and
general eye clinic during the same period.
We included patients who had established a
routine pattern of care and excluded patients
who had used ocular medications for less
than 3 months and/or who had evidence of
ocular infection or failed to bring to the visit
all in use ocular medications. History
obtained included the length of time the
eyedrops were in use and the method of
administration - for example, whether con-
tact was made with eyelid as patients in-
stilled their own eyedrops. The study protocol
was approved by the human subjects com-
mittee at Mount Sinai Medical Center and
informed consent was obtained from all
patients.

CONJUNCTIVAL CULTURES
Conjunctival specimens were obtained by
passing a sterile bacteriological (0-00 1 ml) loop
across the inferior conjunctival cul de sac. The
specimen was immediately inoculated onto
two chocolate agar plates. One was placed at
37°C in ambient air and the other under anaer-
obiosis (Gaspak). Plates were examined after
48 hours of incubation for growth. A positive
culture was taken as one that grew one or
more colonies. Isolates were characterised by
standard criteria.3

MEDICATION MICROBIOLOGY
Medications for microbial assessment were
cultured initially by touch inoculating two
chocolate agar plates with the tip of the
medication bottle. Afterwards, the tip was
cleaned with 95% alcohol, the bottle shaken,
and several drops ("0 005 ml) were allowed to
impinge on the agar surface. One plate was
incubated at 37°C under aerobic and the
other under anaerobic conditions, respectively,
and evaluated for growth after 48 hours'
incubation.

STATISTICAL METHODS
The unpaired t test was used to compare
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Table 1 Patient characteristics

Glaucoma Control Total

Age (years)
Mean 68-1 59-6 65-1
SD 11-2 16-8 14-5

Sex (M/F) 43/66 23/39 66/105
Race
White 83 37 120
Black 16 15 31
Other 10 10 20

Total 109 62 171

Table 2 Distribution of micro-organisms culturedfrom
conjunctiva ofglaucoma and control groups

Glaucoma Control
No (%/6) No (%o)

No growth 77 (71) 45 (73)
Usual conjunctival flora* 29 (26) 14 (22)
Potential pathogenst 3 (3) 3 (5)
Total 109 62

*Coagulase-negative staphylococci, diphtheroids,
Propionibacterium acnes, Streptococcus viridans.
tProteus mirabilis, Capnocytophaga spp, Haemophilus influenzae.

continuous variables. Proportions were com-
pared by x2 statistics.

Results

STUDY POPULATION
The study group consisted of 171 patients, 109
being treated for glaucoma and 62 normal
controls. The characteristics of the study
population are given in Table 1. None of the
glaucoma patients or controls had a concurrent
ocular external finding.

CONJUNCTIVAL CULTURE

Of 171 patients enrolled in the study, 49
patients (29%) had a positive conjunctival
culture for a bacterial species from at least one
eye. There was no statistically significant
(p=0 1) difference between glaucoma patients
(30%) and normal controls (28%).
Staphylococcus epidermidis was the most fre-
quent contaminant, 17%. The same organism
was cultured from both eyes in 21 (43% of the
patients with positive growth) patients
(Table 2).

MEDICATIONS
One hundred and nine patients with glaucoma
used a total of 194 medications. Benzalkonium
chloride 0-014 was the preservative in all
medications. Fifty two patients used a single
medication, 29 patients used two medications,
and 28 patients used three or more medica-
tions.

Table 3 Medications with contaminated drops or bottle tips

Tip contaminated] Drop contaminatedl Any site contaminatedl
Medication total (%/o) total (%Io) total (%)

Miotics 10/67 (15) 4/67 (6) 14/67 (21)
a Blockers 20/75 (27) 8/75 (11) 28/75 (38)
Sympathomimetics 7/41 (17) 3/41 (7) 10/41 (24)
Other* 2/11 (18) 1/11 (9) 3/11 (27)
Total 39/194 (20) 16/194 (8) 55/194 (28)

*Steroids, antibiotics.

Table 4 Distribution of bacterial species culturedfrom in
use medications

Tip+drop (n=55)
Species isolated No (%)

Gram positive
Staphylococcus epidermidis 38 (69)
Staphylococcus aureus 6 (11)
Streptococcus viridans* 1 (2)
Propionibactenium acnes 2 (4)
Corynebacterium spp 3 (5)

Gram negative
Moraxella species 1 (2)
Enterobacter aerogenes 2 (2)
Serratia marcescens 6 (11)
Flavobacterium spp 1 (2)
Pseudomonas spp 1 (2)
Proteus mirabilis 1 (2)

*a Haemolytic streptococci.

MEDICATION CONTAMINATION
Fifty five (28%) medications had micro-
organisms cultured from at least one site.
There was no statistically significant difference
(p=0 3440) between the contamination rate
of the different medications. The bottle tip
was more frequently contaminated than the
drops (p=0 0008) (Table 3). Gram positive
organisms were cultured from 91% of 55 con-
taminated medications and were more likely
isolated from the bottle tip (p=0 0075)
(Table 4). Gram negative organisms tended to
be isolated from both the tip and medication
solution. Thirty four (31%) patients with
glaucoma had at least one medication con-
taminated at one or more sites (tip, drop).
Thirteen (38%) of them had the same
organism (Staphylococcus epidermidis) cultured
from the conjunctiva to which the con-
taminated medication was applied (concor-
dant contamination), and they belonged only
to the private group. Interestingly, none of
the potentially pathogenic species (Serratia
marcescens, Moraxella species) isolated from the
medications were found on the conjunctiva to
which that medication was applied. There was
a statistically significant difference (p=0 022)
between the age of patients whose drops were
contaminated (71*25 (SD 1 21)) and those
whose drops were not (66-88 (SD. 1.42)).

PATIENT INTERVIEW
Thirty seven patients with glaucoma touched
their eyes during medication installations. All
had at least one contaminated medication.
However, only one of six patients whose
medication revealed a potential pathogen
(Serratia marcescens) touched the lid during
medication application.

There was a clearcut association between
length of time a medication was in use and
bacterial contamination (Table 5). Bacterial
contamination occurred in 20 (19%) bottles

Table S Correlation between medication contamination
and length of time used

Time in use Tested Medications contaminated
(weeks) No No (%/.)

<4 108 20 (19)
5-8 44 9 (20)
9-12 17 7 (41)

>12 25 10 (40)
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1-4 weeks old, nine (20%) bottles 5-8 weeks
old, and seven (41%) bottles 9-12 weeks old.
In bottles more than 12 weeks old, there was a
40% contamination rate. There was a statisti-
cally significant (p=O00045) difference in the
rate of bacterial contamination in drops used
less than 8 weeks compared with those used
over 8 weeks.

Discussion
Our data on 109 glaucoma patients suggest
that a disturbingly high frequency (28% of 194
bottles sampled) of microbial contamination is
present in the eyedrops used by asymptomatic
glaucoma patients. Past studies show conflict-
ing views regarding the frequency of microbial
contamination of eyedrops after their use. A
high contamination rate was reported by
Schein et a14 (29%) Marion and Tampert5
(27%), and Hovding and Sjurjen6 (12.9%).
Other studies showed a significantly lower

rate of contamination. Stevens and Matheson,7
and Aslund et a18 reported 2-3% and 2-2%
rate of eyedrops contaminated respectively.
However, unlike our study, cultures were taken
from bottles that had been used for eyedrop
application by a nurse or a doctor given to dif-
ferent patients during a single session only. A
low rate (2-5%) of bacterial contamination was
also found by Hugo and Wilson.9 However,
cultures were taken from the solution only.
The culture positivity rate might have been
increased by culturing the bottle tip as this
seems to be the most frequently colonised
site. 1 4 6 10

In our study, contamination was divided
into that of the tip of the bottle, and that of the
bottle contents. The tip of eyedrop bottles was
more frequently (p<0001) contaminated
(20%) than the bottle contents (8%). This
finding is comparable with that noted in earlier
studies,1 4 6 10 suggesting that the moist nozzle
may serve as a reservoir for microbial contami-
nation, and during use the patient may in-
advertently touch it to eyelids, and
subsequently during storage, bacterial contam-
inants may transmigrate to the head space
between the cap and the bottle top and con-
taminate the bottle contents. Gram positive
organisms tended to be isolated from the tip,
while Gram negative organisms tended to be
isolated concurrently from both medication
and tip sources. Schein and Hibberd4 sug-
gested that the growth of Gram negative
organisms is less likely to be inhibited by the
medication preservatives. In that study thio-
mersal was the preservative present in all
medications.
There is a strong evidence in our study that

eyedrops get contaminated by contact with
eyelids since: (1) the organisms responsible for
frequent contamination were Staphylococcus
epidermidis, Staphylococcus aureus, and
Corynebacterium (diphtheroids) species, all of
which comprise part of the resident skin and
normal eye floral 12; (2) the same organism
was cultured from bottles of different medica-
tions from the same patient in one third of
patients that used more than one medication;

(3) solution bottles that touched patient eyes
during medication instillation were con-
taminated. Therefore, proper direction for
administering ophthalmic solution should be
given to patients to minimise the risk of micro-
bial contamination. The age of patients was a
potential risk factor since patients whose
medications were contaminated were older,
suggesting a possible reflection of their ability
to properly instil eyedrops. In the present
study, there is an extremely low incidence of
bacterial colonisation of the conjunctiva (30%)
among the glaucoma and normal groups.
Reports on the percentage of negative bacterial
findings in normal conjunctiva range from
30% to 90/o.ll 13-15 Nevertheless, the bacterial
species isolated from conjunctival cultures of
our patients are similar to those isolated from
patients in other studies." 12 14 The differing
incidence of culture positivity of the conjunc-
tiva recorded in our study may be partially due
to differences in procedures and micro-
biological methods rather than true differences
in incidence. Our technique was to collect the
specimen from the lower fomix with a sterile
0-001 ml loop (rather than using a cotton
swab), care being taken not to touch the edge
of the eyelid.
The frequency of contaminated drops

increased with duration of use in our study.
Nineteen per cent of bottles 0-8 weeks old
were contaminated in contrast with 40% of
bottles in use for more than 8 weeks. Marion
and Tapert5 and Hugo and Wilson9 also
showed a relation between length of use and
rate of microbial contamination. Hovding and
Sjursen,7 on the other hand, claimed that the
degree of contamination did not increase with
length of use.

Secondary ocular infection is not a signifi-
cant problem with topical ocular glaucoma
therapy. However, eyedrops contaminated with
bacteria that are used for glaucoma treatment
have been implicated in ocular infections.' 2
Our data suggest that the contamination of

eyedrops does occur with increased length of
use of bottles. We, therefore, recommend that
opened topical glaucoma preparations should
be replaced on a regular basis. Since potential
pathogens were not isolated from conjunctiva
to which the contaminated drops were applied,
it appears that antiglaucoma eye drops can
usually be used safely by patients. However,
when secondary surface conditions are present,
such as abrasions and leaking filtering blebs,
eyedrops could be the source of pathogens
causing serious infections such as corneal
ulcers or endophthalmitis. As medications
were contaminated by all patients who touched
their eyes during instillation, proper pre-
cautions and directions for administering and
handling ophthalmic medications are neces-
sary to minimise the risk of microbial con-
tamination.

The manuscript was presented as a poster at the annual meeting
of the American Academy of Ophthalmology, Chicago, 1993.
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