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Introduction

Purpose: To evaluate the impact of instillation angle and nozzle tip geometry on cross-
contamination risk of multidose ocular solution bottles.

Methods: Pseudomonas aeruginosa solution was passed exclusively on the outside of
the nozzle to simulate contamination on the exterior of topical agents. Three drops
were administered from angles of 90° and 45° from bottles with either a round or
sharp tip geometry, and the cultures were examined for growth. Two-hundred sixteen
cultures from nine lubricant eyedrop brands currently existing in the Brazilian market
were assessed for bacterial growth.

Results: After seven days, bacterial contamination was detected in 53.7% of cultures
when drops were administered at 90° and in 70.4% of cultures at 45°. Eyedrops collected
from a rounded nozzle tip and an instillation angle of 90° transmitted bacteria in 69.4%
of cases, whereas those administered from a sharp tip transmitted bacteria in only 22.2%
of cases (P=0.001). At an instillation angle of 45°, contamination was identified in 83.3%
of bottles with a rounded tip geometry and in only eight of 18 bottles (44.4%) from those
with a sharp nozzle geometry (P = 0.005).

Conclusions: Adjusting the instillation angle of eyedrop solutions to 90°, as well as using
a nozzle geometry that prevents flow of the solution to the side of the bottle, signifi-
cantly reduced contamination rates.

Translational Relevance: Standardizing drop bottles and adjusting delivery angle
shows promise in reducing contamination rates and may critically impact the quality
of care for patients requiring topical therapeutic agents.

can lead to significant damage to the corneal epithe-
lium, resulting in surface ulcers and even blindness.*->
Although pathogen growth from eye drop bottles is

Contaminated eyedrops represent one of the
leading sources of preventable ocular infection
globally.!:> Ophthalmic solutions are commonly
contaminated with microorganisms on repeated use, a
rate varying from 0.07% to nearly 70%.>° Although
contamination of eyedrops does not often cause severe
infection because of the addition of preservatives to
eyedrop solutions that inactivate pathogens in the
residual liquid, infections from gram-negative kerati-
tis, conjunctivitis, and even endophthalmitis have been
reported from bacterial growth.-%10-14 Sych infections
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mostly representative of the skin flora and the environ-
ment,27-2-15-19 harmful bacteria including methicillin-
resistant Staphylococcus aureus (MRSA) and gram-
negative rods such as Pseudomonas aeruginosa have
been found at lower frequencies in contaminated ocular
solutions.*7-%-11-20 Bacteria such as MRSA can survive
on some surfaces for weeks,”! and P aeruginosa, a
bacterium responsible for about 10% of all nosocomial
infections, can survive from six hours to 16 months in
dry and inanimate surfaces in hospitals.””> Some species
of virus such as Adenoviruses are unusually resistant
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Figure 1. Detail of the formation of drops according to two types
of eye drops bottles when inverted to 90° (A and B) and 45° (C and
D). In a higher magnification, the geometry of the nozzle allows the
eyedrop to contact a wider area of the outer face (E) or a narrow one

(F).

to chemical or physical agents and adverse pH condi-
tions, allowing prolonged survival outside the body
from three to eight weeks at room temperature.?*-%*

Previous studies investigating microbial cross-
contamination of eyedrop solutions have found
significant correlations between vial contamination
and duration of use,'?-2-2% as well as between brands
containing an antimicrobial agent versus those lacking
preservatives.!” However, contamination of the outer
surface of the nozzle of solution bottles is not well
studied. Specifically, bottle tips often touch the eyelids
and lashes of patients during instillation, and cross-
infection from transmission through objects such as a
tonometer, door handle, and eyedrop bottle that had
previously contacted a contaminated eye are common
routes of infection.”’” Additionally, standardization
of eyedrop bottles currently on the market is lacking,
leading to significant variation in the drop volume
of ocular solutions among different manufactur-
ers.”’ 3% As a result, eyedrops vary widely in form when
detached from the bottle at the time of application,
leading to potential cross-contamination or reinfection
of the same eye. When an eyedrop bottle is tilted to 45°,
the geometry of the bottle tip conducts liquid through
the outer face of the nozzle before detaching from
the bottle due to the capillary phenomenon (Fig. 1),%
passing through a contaminated areca before reaching
the eye.

Despite the higher risk of cross-infection from
residual drops released from this region of solution
bottles, no study to date has evaluated the impact
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of altering instillation angle on eyedrop contamina-
tion. The purpose of this study was to investigate
the cross-contamination risk of multidose eyedrop
bottles contaminated on the exterior nozzle and
to subsequently assess the impact of adjusting the
angle of administration. Optimizing eyedrop instil-
lation angle bears significant implications for clini-
cal practice, yielding the potential to reduce severe
corneal surface infections and, in some cases, avoidable
blindness.

The following experimental study was developed in
the laboratory of Microbiology of the Department of
Ophthalmology and Visual Sciences—Federal Univer-
sity of Sao Paulo, approved by the Research and Ethics
Committee [Protocol no. 3417060816].

Nine existing brands of both preservative-
containing and preservative-free lubricant eye drops
in the Brazilian market were evaluated: Lacrifilm
(carmellose sodium; Genom, Siao Paolo, Brazil);
Hyabak (0.15% sodium hyaluronate; Théa, Oakville,
Ontario, Canada); Optive (carboxymethylce-glycern-
poly80; Allergan, Dublin, Ireland); SystaneUL (0.3%
propylene glycol; Alcon, Geneva, Switzerland); Hylo
Comod (0.1% sodium hyaluronate; Pfizer, New York,
NY, USA); Lacribell (dextran 70 0.1%; hypromel-
lose 0.3%; Latinofarma, Sdo Paolo, Brazil); Mirugell
(polyethylene glycol 400; propylene glycol; Latino-
farma); Adaptis (carboxymethylcellulose; Legrand,
Limoges, France); and Lacrilax (carmellose sodium;
Cosmed, Rome, Italy). Drop vials were divided into
two groups based on nozzle geometry: in Group 1,
the geometry was characterized by a rounded shape
in which the drop formed flows through the side and
contacts the outer face of the nozzle when tilted; in
Group 2, the geometry was characterized by a sharper
edge, approximating a 90° angle from the lateral and
tip orifices, in which the drop formed contacts only
the tip of the nozzle without spreading to the external
surface before detaching from the bottle.

Six sealed bottles from each of the nine lubricant
eyedrop brands were randomly selected and opened
for the collection of control samples. Three drops were
released from each vial and directly inoculated on agar-
chocolate culture plates (BMX PVX Choc. Polyvitex;
bioMérieux, Marcy-I’Etoile, France) with the bottles
first inverted to 90° and then inverted to 45°. An
individual plate was used for each vial at each instil-
lation position. Subsequently, a sterile cotton swab
was soaked in an aqueous solution of Pseudomonas
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aeruginosa (ATCC 27853) at a concentration of 0.5
McFarland (~1.5 x 10® bacteria), and passed exclu-
sively on the outside of the nozzle to simulate contam-
ination on the exterior of the eye drop vials. Attention
was taken to uniformly soak the cotton swab to the line
at which the cotton ends, passing the swab in a circular
motion around the nozzle tip. Eyedrop samples were
collected by first inverting each bottle to 90° and then to
45°, inoculating eyedrops on individual agar-chocolate
culture plates at each instillation position.

Collection of samples was performed using
sterile conditions under laminar flow. Cultures were
incubated in a microaerophile environment at 35°C for
seven days and evaluated for growth daily. Positive
bacterial growth was recorded according to the
presence of colonies on the main inoculation site
(Supplementary Figures S1 and S2).

Data were analyzed using Stata Statistical Software
14.2 (StataCorp LLC, College Station, TX, USA). A
McNemar test was performed to assess the impact of
instillation angle on contamination rates on adjust-
ing instillation angle. The two-tailed Fisher’s exact
test was performed to assess the exact probability
of the nozzle tip geometry on contamination rates.
Statistical significance was determined at a threshold
of P<0.05.

Two-hundred sixteen cultures from nine lubricant
eyedrop brands were analyzed for bacterial growth at
instillation angles of 90° and 45°, respectively (Table 1).

None of the 54 tested bottles indicated bacterial
growth in the control group at instillation angles of 90°
or 45°. In the experimental group, bacterial contamina-
tion was detected in two bottles at 90° alone, 27 bottles
at both 90° and 45°, and 11 bottles at 45° alone. (P =
0.01). (Table 2)

Eyedrops administered from Group 1 ocular
solutions (Lacrifilm [carmellose sodium], Optive
[carboxymethylce-glycern-poly80], Lacribell [dextran
70 0.1%; hypromellose 0.3%)], Adaptis [carboxymethyl-
cellulose], Lacrilax [carmellose sodium], Mirugell
[polyethylene glycol 400; propylene glycol]) at 90°
transmitted bacteria in 25 of 36 bottles (69.4%),
whereas those administered from Group 2 ocular
solutions (Hyabak (0.15% sodium hyaluronate),
Systane (0.3% propylene glycol), Hylo Comod (0.1%
sodium hyaluronate)) transmitted bacteria in only four
of 18 bottles (22.2%; P = 0.001). However, at an instil-
lation angle of 45°, contamination was identified in 30
of 36 bottles (83.3%) from Group 1 ocular solutions
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Table 1. Bacterial Growth upon Drop Bottle Inversion
of 90° and 45°, Before and After Contamination of the
Nozzles

Bottle Position

After
Contamination
(Experimental
Group)

Before
Contamination
(Control)

Brand
Of Eye  Group
Drops™™  No. 90° 45°

1.1 — -
1.2 — -
1.3 — -
14 1 - -
1.5 - -
1.6 - -
2.1 - -
2.2 - -
23
24 - -
25 - -
2.6 - -
3.1 — -
3.2
33 - -
34 — —
35 — -
3.6 - -
4.1 - -
4.2 - -
4.3 1 — —
4.4 — -
4.5 - -
4.6 - -
5.1 — -
5.2 — -
53
54 — —
55 — -
5.6 — -
6.1 — -
6.2 — -
6.3 - -
6.4 1 - -
6.5 - -
6.6 - -
7.1 - -
7.2 - -
7.3 2 - -
74 - -
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Table 1. Continued

Bottle Position

After
Contamination
(Experimental
Group)

Before
Contamination
(Control)

Brand
Of Eye  Group
Drops”"  No. 90° 45° 90° 45°

7.5 - —~ — +
7.6 - - - -
8.1 - - - -
8.2 - - - -
8.3 2 - - - -
8.4 - - - -
8.5 - - - -
8.6 - - —~ +
9.1 - -~ + —
9.2 - - - -
9.3 2 - - - -
9.4 - - —~ +
9.5 - - —~ +
9.6 - - + +

"Brand of eyedrop used: (1) Lacriflm (carmellose
sodium), (2) Optive (carboxymethylce-glycern-poly80),
(3) Lacribell (dextran 70 0.1%; hypromellose 0.3%), (4)
Adaptis (carboxymethylcellulose), (5) Lacrilax (carmellose
sodium), (6) Mirugell (polyethylene glycol 400; propylene
glycol), (7) Hyabak (0.15% sodium hyaluronate), (8) Systane
(0.3% propylene glycol), (9) Hylo Comod (0.1% sodium
hyaluronate).

TPreservative-containing: (1)  Lacrifilm  (carmellose
sodium), (2) Optive (carboxymethylce-glycern-poly80), (3)
Lacribell (dextran 70 0.1%; hypromellose 0.3%), (4) Adaptis
(carboxymethylcellulose), (5) Lacrilax (carmellose sodium),
(6) Mirugell (polyethylene glycol 400; propylene glycol),
(8) Systane (0.3% propylene glycol); Preservative-free: (7)
Hyabak (0.15% sodium hyaluronate), (9) Hylo Comod (0.1%
sodium hyaluronate).

Table 2. Bacterial Growth After Contamination by
Instillation Angle

45°
Instillation Angle Positive Negative
90° Positive 27 2
Negative 11 14

P = 0.01 statistical significance at a threshold of P < 0.05
for McNemar's test.
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and in only eight of 18 vials (44.4%) from Group 2
ocular solutions (P = 0.005; Table 3).

Interestingly, only a single bottle from Systane
(0.3% propylene glycol) yielded bacterial growth at 45°,
indicating that the sharper nozzle geometry from this
class of ocular solution brands may induce the eyedrop
to detach from the bottle with minimal contact with the
outer surface (Fig. 2).

Topically-applied agents represent the first-line of
therapy for many patients* but constitute a common
source of infection when contaminated on the exterior
upon repeated use. However, few studies have investi-
gated cross-infection stemming solely from the tip of
ocular solution bottles, and no study has assessed the
impact of instillation angle on likelihood of contam-
ination. Our study found that upon contamination
exclusively on the exterior of ocular solution bottles,
cross-infection occurred in more than 50% of tested
bottles. Rates of contamination were significantly
lower when drops were administered at an angle of
90° (53.7%) versus at an angle of 45° (70.4%); only
two bottles tested positive at 90° and negative at 45°;
11 bottles tested negative for 90° and positive for 45°.
Intriguingly, rounded nozzle tip geometry appeared to
exacerbate contamination probability, increasing the
contamination rate to 83.3% at a 45° instillation angle.
Possible explanations for this phenomenon involve the
idea that rounded bottle tips favor draining of the
solution to a wider external orifice, as well as the possi-
bility of solution reflux upon instillation.

Despite the decrease in contamination risk that
both a perpendicular instillation angle and a sharper
tip geometry afford, the presence of microbial cross-
infection was still surprisingly high at an average of
over two in 10 bottles. These results suggest that if the
exterior of the multi-dose eyedrops tips were contam-
inated, they would no longer meet pharmaceutical
standards for sterility, even though the product itself
is sterile inside the bottle.?' In evaluating the use of
topically-applied agents for diagnostic and prophy-
lactic purposes, these findings suggest the importance
of considering alternatives to multidose vials, which
are typically used on several patients in inpatient
and outpatient settings.! The use of ophthalmic
strips or single-dose vials offer a putative solution to
cross-contamination resulting from multi-dose agents.
However, Somner et al.>> has shown that the costs
and plastic waste of this infection risk—free practice
is likely high, and accepting a certain threshold of
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Table 3. Bacterial Growth After Contamination by Instillation Angle and Bottle Geometry

Instillation Angle Positive Negative Total % Contaminated PValue
90° [Total] 29 25 54 53.7%

90° [Group 1 | Group 2] 25|4 11|14 36|18 69.4% | 22.4% *P =0.001
45° [Total] 38 16 54 70.4%

45° [Group 1 | Group 2] 308 6|10 3618 83.3% | 44.4% *P = 0.005

“Indicates the two-tailed statistical significance at a threshold of P < 0.05 for a Fisher’s exact test.

Figure 2.

Systane eyedrop formation at 90° and 45°.

contamination risk would result in large savings in
resource-strained settings.

A reasonable method of reducing infection risk,
while balancing the high costs and environmental
impact of single-dose vials, may involve implementing
standardization of topically-applied agents currently
on the market. Our study indicates that simple adjust-
ments to nozzle tip geometry may ameliorate the inher-
ent contamination risk of multi-dose droppers. An
alternative method of minimizing cross-contamination
involves cleaning the nozzle of multidose vials with
70% isopropyl alcohol immediately before or after
instillation. A prior pilot study revealed that contam-
inated bottles cleaned with a 70% alcohol pad and
re-tested for bacterial growth lacked contamination
upon treatment with alcohol (unpublished data, 2015).
Additionally, factors such as drop size and solution
viscosity may impact cross-contamination; our current
study simulated real-world conditions in an effort to
increase external validity by manually releasing drops
that inevitably contain variation in size, but further
studies may investigate the impact of systematically
controlling these parameters.

Lubricant eye drops are widely prescribed by
ophthalmologists, and they were selected for use in
this study over diagnostic or dilation drops due to the
variety of bottle types and availability on the market.

Additionally, Pseudomonas aeruginosa is known to be
a hostile pathogen, that, when introduced into the
cornea, acts with extreme virulence and may even
require enucleation;* our study was limited to the
use of this bacterium due to its laboratory availabil-
ity and for its status as a frequent isolate of conjunc-
tivitis among Gram negative bacteria.>* Nonetheless,
further research may involve other bacterial strains
responsible for other strains of conjunctivitis, keratitis,
endophthalmitis, blepharitis, or orbital cellulitis,** as
well as other types of diagnostic or prophylactic ocular
solutions.

An additional consideration involves the use
of preservative-containing versus preservative-free
formulations. In our study, only Hyabak (0.15%
sodium hyaluronate) and Hylo Comod (0.1% sodium
hyaluronate) were preservative-free agents that instead
contain either filtration (Hyabak bottle) or pump
(Comod dosage) systems built within the bottle.
Interestingly, although some multidose nonpre-
served containers such as Hylo Comod (0.1% sodium
hyaluronate) use a silver wire placed in the proximity of
the outlet tip to protect from microbial contamination,
this method was not able to avoid cross-contamination
once the contamination happened after the drop was
formed.» However, the preservatives of the other
studied eyedrop brands were unable to prevent bacte-
rial growth in all cases in this experiment, with some
preservative-containing brands exceeding the contami-
nation rate of preservative-free solutions. For instance,
sodium perborate converts to hydrogen peroxide
upon exposure to air and subsequently breaks down
into oxygen and water, inactivating the preservative
after instillation. Further experimentation should
investigate the efficacy of preservatives in reducing
contamination stemming from the solution itself, as
well as the threshold at which solution pH reduces
drug efficacy.*®

The risk of cross-contamination through eyedrops
is high, even for preservative-containing ocular
solutions. Our study reveals that altering the instilla-
tion angle to 90°, as well as using a nozzle tip geometry
that prevents flow of the solution to the side of the
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bottle, reduced contamination rates from 83.3% to
22.4%. These results suggest that additional methods
beyond instillation angle and nozzle tip geometry
may be required to achieve 0% contamination; the
use of non-return valve systems used simultancously
with silicone members to filter returning air offer one
potential solution, but these systems are often costlier
for patients.’” Encouraging patients to consider using
plastic instillation aids that attach to eyedrop bottles
to deliver topical agents may be a more feasible and
cost-effective solution, reducing the challenges associ-
ated with achieving an optimal instillation angle
and significantly reducing contamination rates with
repeated use. Standardization of eyedrop bottles is
vital to ensure that topical agents have minimal contact
with the outside of the vial before reaching patients’
eyes. Further studies are needed to optimize bottle
geometry, instillation angle, and solution pH to reduce
cross-contamination risk and ensure higher quality
of care for patients using topical agents on a daily
regimen.
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