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Next Steps

What are possible next steps that would build upon the results of this project? Could any data or tools
resulting from the project have the potential to be used to answer new research questions by future
medical students?

This project outlines a method for quantifying contamination rates of multi-use eye drops in the
outpatient setting. The number of drops sampled, however was small. This method can be used to
determine the incidence contamination for a larger sample size, among other medication types, and at

different time points.
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submitting your final report.
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Report: Information in the report should be consistent with the poster but could include additional
material. Insert text in the following sections targeting 1500-3000 words overall; include key figures and

tables. Use Calibri 11-point font, single spaced and 1-inch margin; follow JAMA style conventions as
detailed in the full instructions.

LIntroduction (2250 words) |

Multi-use eye drops are repeatedly handled and shared among patients and thus carry a risk of
transmitting both opportunistic and pathogenic microorganisms.® Contaminants primarily consist of
commensal organisms that belong to environmental and human flora, though pathogens such as
Pseudomonas aeruginosa, Serratia marcescens, Proteus mirabilis, and Staphylococcus aureus can be
present.>. Though multi-use solutions contain preservatives designed to eliminate microorganisms and
contaminated eye drops are an infrequent cause of ocular infection, there have been reports of
conjunctivitis, keratitis, and even endophthalmitis resulting from contaminated eye drops.%”®

The incidence of microbial contamination of eye dropper bottles varies widely in the literature, ranging
from 0.07% to 70%. On the whole, antibiotics and those with preservatives appear to have lower
contamination rates compared to other kinds of ophthalmic solutions such as glaucoma medications
and those without preservatives.>'° Location of sampling (drops vs. residual fluid vs. cap/tip) may play a
role in rates of contamination, though there is no consensus as to which location is most likely to be
contaminated. While some studies suggest that the tip was the most frequently contaminated, others
report that the drops and the residual fluid were more likely to be contaminated.*****3 Qverall, there is
a lack of agreement in the literature and the true incidence of microbial contamination of multi-use vials
remains unknown.

Despite this uncertainty, the US Pharmacopeia standard 797 (USP 797) provides guidelines for the use of
sterile preparations and multidose vials. These policies have been adopted by the Joint Commission of
the American Journal of Ophthalmology, and thus, they are the standard practice in the field of
ophthalmology.'*!> The USP 797 states: “multiple-dose containers (e.g., vials) are formulated for
removal of portions on multiple occasions because they contain antimicrobial preservatives. The
beyond-use date after initially entering or opening (e.g., needle-punctured) multiple-dose containers is
28 days unless otherwise specified by the manufacturer. If the vial is labeled as a multi-dose vial or
container, then the dating should not exceed 28 days UNLESS the manufacturer has data to support
longer dating.” 1416

While the use of contaminated eyedrops and their containers may give rise to serious ocular infections,
more nuanced guidelines may be beneficial in reducing the amount of waste associated with eye drop
usage. Waste, both in the monetary and the material sense, is an issue that continues to plague
medicine and is one of the many factors contributing to exorbitant costs within healthcare and an ever-
expanding pollution problem for our world.'”* The healthcare sector and upstream activities accounted
for 16% of US GDP and contributed an estimated 9-10% of total US carbon emissions in 2013.
Production of greenhouse gases may account for up to 123,000 to 381,000 disability-adjusted life-years
in future health damages which result from increases prevalence of extreme weather and flooding,
which reduce food production capability and subsequent malnutrition, vector-borne disease, respiratory
disease, and other effects.'”1°

Ophthalmology is by no means exempt from this issue. A 2019 study published in JAMA Ophthalmology
examining medication waste in cataract surgery found that unused product accounted for an estimated
$195,200 and a potential environmental effect of 2498 kg of carbon dioxide equivalents each month.

This study established that eye drops are the single most wasted medication, with approximately 65.7%
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.by volume discarded across all settings as a part of standard practice. In the outpatient setting, 56.8% of ’
eyedrops by volume which accounts for 711 kg CO2-equivalents per month, a finding which makes our
study pertinent to the overall problem of waste within ophthalmology.*® The use of multi-use eye drops,
rather than single use, has alone shown to be beneficial in reducing waste, though there remains room
for improvement given the ongoing waste cited above.**°

The goal of this study is to provide a reliable method for determining the microbial contamination rates
for multi-use eye drops and to contribute to evidence in support of an approach to medication
management that balances the need to protect patients from infection and efforts to reduce waste
affecting the health care system and the planet. We hypothesized that there would be differences in
microbial contamination by location sampled and by type of preservative present in the medication.

Methods (2250 words)

Sampling method:

Eye drop medications, proparacaine, tropicamide, and fluorescein, were collected from Casey Eye
Institute after 28 days of use in the outpatient setting. These medications were selected for two
reasons, they are incredibly common in the outpatient setting and they contain common preservatives,
benzalkonium chloride and chlorobutanol. The bottles were stored at 4° C for up to one week prior to
sampling. Each bottle was sampled in the 3 ways. 2 drops (~100 pL) of eye drop solution plated neat on
chocolate agar, Luria broth agar (LBA), and Sabouraud Agar (SDA) plates. Eye drop fluid was exposed to
a preservative inactivator and then plated on chocolate agar, LBA, and SDA plates. For benzalkonium
chloride preserved drops (proparacaine and tropicamide), eye drops were diluted 1:10 with Tryptone-
Azolectin-Tween (TAT) broth containing 4% Tween 20 and 0.5% Lecithin, an inactivator of benzalkonium
chloride per the US pharmacopeia recommendations.'?>?° For chlorobutanol preserved drops
(fluorescein), eye drops were diluted 1:5 with PBS as dilution inactivated chlorobutanol per the US
pharmacopeia recommendationsl.?° Finally, dropper tips were removed in a sterile fashion and placed in
tryptic soy broth (TSB) at 37° C on a shaker overnight & subsequent plating on chocolate agar, LBA, and
SDA plates. A representative sample was taken from each of the plates that grew microbes. These
colonies were cultured in TSB on a n overnight and were frozen as glycerol stocks for future
identification. 16s rRNA identification was not completed with eye drop sample microbes due to time
constraints but was completed as with positive controls to ensure the validity of the method.

( m Representatve colony
Medication solution for 16s rRNAID
- SR e H{ ome
Eye drops used in dropper tip ours
ophthaimology clinic e — ’-
Chocolate agar (37C)
Drops containing Representatve colony
benzalkonium chloride dMedIf.ation olTton ( m for 16s rRNAID
ropped through the | Check at 24, 48,
or chiorobutanol d ok > LBA (37C) =
collected & stored for l::ztpr:"z; & 72 hours
up to 1 week at4C
- SDA (30C)
= Chocolate agar (37C) EEEEE————
Representative colony
Dropper tip removed m
droppedinto TSB | | LBA (37C) Check at 24, 48, [
growth medium, & 72 hours
incubated for 24h -

L. SDA (30C)

Figure 1. Experimental methods overview.
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Positive control methods:

Four representative organisms, s. aureus, p. aeruginosa, e. coli, and c. albicans, were selected as positive
controls. Organisms were acquired from the OHSU core lab. Growth curves were established to
correlate optical density at 600 nanometers (OD600) with the number of colony forming units for each
organism. A spectrophotometer was used to determine the OD600 of liquid culture prior to exposure to
eye drop solution. Each of these organisms was exposed to the 2 preservative types, BAK and
chlorobutanol in the following fashion. Each microbial species was streaked from frozen stocks and
allowed to incubate for 24 hours. A single colony from each plate was selected and S aureus, P.
aeruginosa, E. coli, and C. albicans were cultured in Luria broth (LB) overnight on a shaker. Prior to
inoculation of eye drops, spectrophotometric measurements were taken of each of the species cultured
in liguid media to estimate the CFU/mL in the inoculum. Cultures were then serially diluted 1:10 six
times in PBS. Each microbial culture dilution was then combined with a newly opened sterile eye drop
solution. Within 1 minute of combining the microbial culture with the eye drop, preservative
neutralization was added, and the sample was immediately plated on LBA for bacteria and SDA for
yeast. For benzalkonium chloride preserved drops, neutralization consisted of diluting the microbial
culture + eye drop 1:10 in TAT broth.? For chlorobutanol preserved drops, neutralization consisted of
diluting the microbial culture + eye drop 1:5 in PBS, as this degree of dilution appeared to provide
reasonable conservation of bacterial growth in prior dilution experiments.® The microbial culture,
preservative, and neutralization agent solution was then plated on LBA plates for bacteria and SDA
plates for yeast. The plates were incubated for 24 hours, and colonies were counted and compared to
the expected CFU based on the initial inoculum.

Incculated unopened Colonies counted and
ophthalmic Applied neutralization™ Plated microbe + Incubated for up to 24 compared to expected
medications with to the microbe + medication + hours colony counts
known concentrations medication solution neutralization solution determined though
of model organisms growth curves

*Lecithin and dilution with PBS were used for BAK and chlorobutanol preservative neutralization respec tively

Figure 2. Positive control experiment overview.

Identification of microorganism:

S. aureus and e. coli were served as representative organisms to confirm the efficacy of our 16s
ribosomal RNA identification protocol. Bacteria were cultured in liquid media from frozen glycerol stocks
and their DNA was extracted using a TRIzol-chloroform protocol. DNA was purified using the Qiagen
DNA purification kit. PCR was performed in a 50-ul total volume using variable region primers for V1-V3
and V3-V4 (Table 1) 16s rRNA genome.?? Each reaction mixture contained 24 ng of gDNA, 1x Phusion HF
buffer, 0.2 mM deoxynucleotide triphosphates (dNTPs), 0.125 uM each forward and reverse primer,
7.5% dimethyl sulfoxide (DMSO), and 0.25 pL of Phusion HF Il DNA polymerase (Thermo Fisher). PCR was
conditions were as follows: 98°C for 40 s, 30 cycles of 98°C for 20 s, the V-region specific annealing
temperature (Table 1) for 40 s, and 72°C for 40 s, and a final extension step at 72°C for 2 min. PCR
product was purified using a Qiagen PCR purification kit and sent for sanger sequencing with GENEWIZ.
Resultant sequences were then queried in NCBI nucleotide BLAST.

V-region | Forward | Reverse | Forward sequence (5'-3') Reverse sequence (5'-3') | Annealing
primer | primer temp (°C)
V1-V3 27F 534R AGAGTTTGATYM TGG ATT ACC GCG GCT GCT 57
CTCAG GG
V3-v4 341F 785R CCT ACG GGN GGCWGC GACTAC HVG GGT ATC 55
AG TAATCC

Table 1. Primer sequences and annealing temperatures.??
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Negative control methods:

Eye drops were neutralized and plated on chocolate agar, LBA, and SDA plate alongside positive control
experiments. Additionally, new dropper tips were cultured in TSB overnight and the culture was
subsequently plated. Neither drops nor cultured dropper tips from new bottles yielded microbial growth
of any kind.

Statistical analysis:
To assess statistical significance in rates of contamination between location sampled and preservative

type, a Fisher’s exact test was carried out at the 5% significance level.

Results (2500 words)

Positive control optimization:
Four representative, positive control organisms, s. aureus, p. aeruginosa, e. coli, and c. albicans, were

exposed to eye drop medications containing the two preservatives of interest in this study,
benzalkonium chloride (BAK) and chlorobutanol (Figure 3). The lower limit of detection was established
as fewer than 10 colonies and the upper limit was established at greater than 300 colonies. S. aureus
and c. albicans were successfully recovered after exposure to both BAK and chlorobutanol, though the
number of colony forming units was reduced compared to what would be expected based on the initial
inoculum. We were able to recover p. aeruginosa after exposure to BAK, though the number of CFUs
was similarly reduced. We were unable to recover p. aeruginosa after exposure to chlorobutanol and e.
coli after exposure to both BAK and chlorobutanol.

S. aureus E. coli
1%107— ® Nopreservative CFUM00UL 44497 o ® No preservative CFU/100uL
1x10° * v BAK exposed CFUMOOUL  1x10°
. i . L . v BAK exposed CFU/100uL
§' 110 . = Chlorobutanol exposed & %107 .
é 1104 CFU/100pL = 1%10%- - m  Chlorobutanol exposed
3 . o N CFU/100pL
S 1x10° . v a ™ a TNTC 5 1x10% .
8 %102+ . T = 80
1
1:110ﬂ » a 7] ] ] '] a Lop
1%10 T 1 1 T T 1 1 "‘"’" ] I 1 T 1 T 1
1%10° 1107 1x10¢ 1x10% 1%x10 1x10° 1x102 1x10 1x1081x107 1%x10% 12105 1x10% 1102 1x102 1x10
log innoculum concentration log innoculum concentration
P. aeruginosa C. albicans
1%107 7 * No preservative CFU/100uL  1x107 * No preservative CFU/
1%10% . 1%10% 100uL
v BAK exposed CFU/100pL
< 1x10°- . " e ° v BAK exposed CFU/
8 . = Chlorobutanol exposed S * 100pL
< 1x10' CFUI00L 5 1x10t .
5 . 1l ) = Chlorobutanol exposed
& 1x10°4 . & 1x10° . ’ CFUMOOLL
TNTC - . " TNTC M
£ 1x1024 . B 1x1024 v =
L]
TR TR T LoD 1x10" N -
Lind lﬁ. T 1 1 T 1 1 1 1.10' T ] I T T 1 1
1%10°# 12107 1x10°® 1%10°% 1%10* 1210 1x102 110" 110 1%107 1%10° 1%10° 1104 1x10 1x102 1x10"

log innoculum concentration log innoculum concentration

Figure 3. Positive control organisms after preservative exposure log plot. Each organism was exposed
to no preservative, benzalkonium chloride (BAK), and chlorobutanol. Limit of detection (LOD) <10
colonies, too numerous to count (TNTC) >300 colonies.

Two representative, positive control organisms, s. aureus and e. coli, were used to validate 16s rRNA
sequence identification. PCR product of V1-V3 variable region of the 16s rRNA genome demonstrated
bands of the expected size on gel electrophoresis (Figure 4a) and nucleotide BLAST search of the sanger
sequencing results accurate identification for both model organisms (Figure 4b and 4c).
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Experimental results:
Overall, 18 multi-use eye drops were collected from a single outpatient glaucoma clinic after 28 days of

use. None of the bottles had known contact with patients or providers. Fluid from all 18 eye drops was
sampled according to protocol, however, 6 of the dropper tips were excluded from the data set as they
were incubated in culture media that was found to have polymicrobial contamination related to the
media itself. By preservative type, 13 bottles contained benzalkonium (BAK) 0.01% and 5 contained
chlorobutanol 1.1%. Of note, the drops preserved with BAK were plastic with an everted dropper style
and those preserved with chlorobutanol were glass with a glass eyedropper situated within the bottle
and suspended in the medication solution. By medication type, there were 11 bottles containing
proparacaine, 2 bottles containing tropicamide, and 5 bottles containing fluorescein.

Overall, 3 eye drops (18%) demonstrated the presence of contamination (Table 2) and each only grew a
single colony. The fluid itself (drops and drops with preservative neutralization) had an 11%
contamination rate and the cultured dropper tips had a 9% contamination rate (y*test, p >0.9918). 18%
of BAK preserved and 20% of chlorobutanol preserved drops demonstrated presence of microbial
contaminants (Table 3).

# Medication, preservative | Neat Drop + Cultured dropper tip
Neutralization

1 Proparacaine, BAK 0 0 excluded

2 Proparacaine, BAK 0 0 excluded

3 Proparacaine, BAK 0 0 excluded

4 Proparacaine, BAK 0 0 excluded

5 Tropicamide, BAK 0 0 excluded

6 Tropicamide, BAK 0 0 excluded

7 | Proparacaine, BAK 0 0 0
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8 Proparacaine, BAK 0 0 0
9 Fluorescein, chlorobutanol | 0 0 0
10 | Fluorescein, chlorobutanol | 0 0 0
11 | Fluorescein, chlorobutanol | 0 0 1, bacterial colony on LBA
12 Proparacaine, BAK 0 0 0
13 Proparacaine, BAK 0 0 0
14 Proparacaine, BAK 0 0 0
15 | Proparacaine, BAK 1, moldonSDA | O 0
16 | Proparacaine, BAK 0 1, moldonSDA O
17 | Fluorescein, chlorobutanol | 0 0 0
18 | Fluorescein, chlorobutanol | 0 0 0

Table 2. Summary of colony counts by location sampled. Morphology and growth media noted for
samples that demonstrated microbial growth.

Growth No Growth Table 3. Summary of contamination rates. 11%

Location sampled of dropper fluid sample vs 9% of cultured dropper
Drops 2 (11%) 16 (89%) tips were contaminated (Fisher’s exact test, p
Dropper tip 1 (9%) 11 (91%) >0.9918). 18% of BAK preserved vs 20% of
chlorobutanol preserved medications were
Preservative type contaminated (Fisher’s exact test, p = 0.4129).
BAK 2 (18%) 11 (82%)
Chlorobutanol 1 (20%) 4 (80%)

Discussion (2500 words)

By providing a method for assessing contamination rates for two locations on multi use eye drops, the
medication fluid and the dropper tip, we accounted for 2 of the possible methods of transmission of
microbes from the bottle to the patient, via medication solution passing through the dropper tip and via
dropper tip contact with the patient. While some studies opted to sample residual medication solution
passing it through the tip 23, many chose to aspirate the solution in a sterile in a sterile fashion. >2%%*
We posit that some of the disagreement in contamination rates may arise from the fact that different
sampling methods yield different results. However, we feel that our study provides a clinically relevant
method.

Finally, the positive control experiments in this study demonstrated that both benzalkonium chloride
and chlorobutanol have robust efficacy against common microorganisms, as there was a universal
reduction in the number of organisms recovered even after very short exposure to these preservatives.
In general, this supports the efficacy of these preservatives and safety of multi-use eye drops.??*
However, our findings must be taken in context as they may represent strains that are less resistant to
preservatives in multi-use eye drops. The literature suggests that organisms have developed resistance
to these preservatives, particularly benzalkonium chloride, an important factor not accounted for in our
positive control model. 22527

The average contamination of rate in this study (18%) falls around the average of other studies
conducted in the outpatient clinical setting®?*, though this is difficult to interpret in the setting of a
small sample size and the inclusion of only 3 medication and 3 preservative types. The microbial burden
was very low as each contaminated drop only grew a single colony forming unit (CFU). The literature
varies when it comes to the number and variety of microbes found on each individual bottle. Several
studies found that most eye drop bottle yielded only one pathogen regardless of site sampled, though
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there have been instances where numerous CFU were recovered and polymicrobial contaminants
observed, though this appears to be more common in multi-use medications for home use than in those
used in outpatient or inpatient settings.>>?*%

Several studies note that dropper design may impact the likelihood of contamination, though there is
lack of agreement about what types of containers result in higher rates of contamination and which part
of the eye drop bottle is most likely to harbor microbial contaminants, though many cite the dropper tip
as the most commonly contaminated >3 |n our study, dropper tips were more likely to have microbial
contamination than the medication fluid itself, though this result was not statistically significant.
Interestingly, there was no concordance between presence of microbes on cultured dropper tips and in
dropper fluid. These results are similar to those reported in earlier studies and may support the
previously described self-sterilizing effect of many eye drops.'*?

Finally, our study found that there was no statistical difference between contamination rates of eye
drops preserved with BAK and chlorobutanol, though it is difficult to draw conclusions due to small
sample size. Few other studies have compared contamination rates based on preservatives as an
independent variable, and have primarily focused on differences between medications.>**° However,
those that have focused on difference in contamination between preservatives have suggested that
chlorobutanol preserved multi-use solutions are more likely to be contaminated than BAK preserved
solutions.?*

This study demonstrated a method for isolating and identifying contaminants from expired multi-use
eye drops, information we hope will be used to further investigate the true incidence of microbial
contamination of multi-use eye drops in the outpatient setting in order to develop disposal guidelines
that strike a balance between patient safety and waste reduction efforts, a worthy endeavor considering
the impact of medical waste on our planet and the downstream morbidity and mortality of climate
change.'%°

Conclusions (2-3 summary sentences)

This study demonstrates a method by which contaminants can be isolated and identified from multi-use
eye drops. The preliminary results suggest that the presence of microbes on the dropper tip does not
necessarily lead to contamination of the medication itself, even if the medication solution is passed
through the contaminated dropper tip and that the burden of microbial contaminants is low. Limitations
include small sample size and small number medications and preservative types sampled.
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