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Purpose: To clarify the short-term effect of topical anesthetics on 16S ribosomal ribonu-
cleic acid amplicon sequencing results in ocular surface microbiome research.

Methods: Both eyes of 24 eligible volunteers undergoing general anesthesia were
sampled. Before sampling, a drop of artificial tears or a drop of topical anesthetic was
applied in a randomized way. By using artificial tears as a control, we assured blind-
ing of the executer and took a potential diluting effect into account. Bacterial DNA was
extracted using the QIAGEN RNeasy PowerMicrobiome Kit with specific adaptations.
Amplified DNA was sequenced with the Illumina MiSeq sequencing platform.

Results: Four sample pairs were excluded due to low yield of bacterial DNA. In the
remaining 20 sample pairs, no differences were observedwith topical anesthetics at the
levels of amplicon sequence variants (ASVs), phylum, genera, or alpha and beta diver-
sity. Weighted UniFrac distance confirmed that the intraindividual distance between
the right and left eye was smaller than the effect of the topical anesthetic. Interestingly,
however, we identified Cutibacterium as a potential discriminative biomarker for topical
anesthetic use. Overall, a significantly higher number of observed reads were assigned
to genera with Gram-positive characteristics.

Conclusions: Based on our targeted, double-blinded, within-subject study, topical
anesthetics do not affect the overall sequencing results but display a specific effect on
Cutibacterium. When comparing research results, the impact of topical anesthetics on
prevalence and abundance of Cutibacterium should be considered.

Translational Relevance: Understanding and standardization of sampling techniques
are indispensable to properly execute clinical microbiome research.

Introduction

Research on the ocular surface microbiome is an
emerging field with evident publication growth from
2016 onward.1 To understand the potential role of
the microbiome in ocular pathology, knowledge of the
ocular surface microbiome in the absence of pathol-
ogy is mandatory. The currently published cohort
sizes of healthy ocular surface samples vary between
four2 and 1053 individuals. Meta-analyses of currently
published data are hampered by the lack of standard-
ization of sampling, extraction, and sequencing proce-
dures in the field. Evidence-based choices of sampling

and processing methods will make amplicon sequenc-
ing results more robust and make comparisons more
precise, resulting in improved insights into the ocular
surface microbiome.

Sampling is the first element prone to bias. Differ-
ent swabbing techniques (dry vs. wet and firm vs.
gentle) have resulted in significant differences in the
proportions of retrieved genera.2 In addition to the
swabbing technique, the effect of anesthetic drops may
be of importance. The antibacterial activity of topical
anesthetics has been demonstrated in several studies.4,5
It has been suggested that the inhibitory effect of
local anesthetics on bacterial growth results from the
disruption of the bacterial cell wall or cytoplasmic
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membrane,6,7 leading to leakage of cellular compo-
nents and subsequent cell lysis. Interestingly, bacterial
cell wall disruption is also the first step of every molec-
ular extraction protocol. It is also well-known that
Gram-positive bacteria are more likely to be affected
by extraction methods due to their bacterial cell wall
properties.8 When bacterial cell wall disruption has
already taken place as a result of anesthetics use, a
significant impact on the outcome of molecular analy-
ses could be anticipated. Indeed, Shin et al.9 reported
a significantly different microbial community compo-
sition in samples collected with or without the use of
topical anesthetics. However, the link between micro-
bial community compositions and confounding factors
was not made, although different subject groups were
used per treatment arm. These results have not been
validated yet, resulting in some studies using topical
anesthetics10,11 and others not.12,13

In this paper, we investigated the short-term effect
of topical preservative-free anesthetics, with the goal
of improving the consistency of 16S ribosomal ribonu-
cleic acid (rRNA) amplicon sequencing results. In a
cohort of patients requiring surgery under general
anesthesia, we performed a double-blinded study
sampling both eyes of volunteers after sedation.

Materials and Methods

Study Population

This prospective study was approved by the
research ethics committee UZ/KU Leuven, Belgium,
in accordance with the tenets of the Declaration of
Helsinki. This project is registered onClinicalTrials.gov
(NCT04193774). The study was performed in adult
patients (minimum age 18 years).

Patients undergoing strabismus, ear, or throat
surgery under general anesthesia at the University
Hospitals Leuven, Belgium, were informed about the
study and consent of participating volunteers was
obtained before enrollment. Aforementioned indica-
tions for surgery were chosen based on no need for
pretreatment with antibiotics or antiseptics before
surgery. Exclusion criteria were allergy to oxybupro-
caine hydrochloride, the use of topical antibiotics in the
month before sampling, usage of eye drops in one eye
only, and ocular surface disease.

Eligible participants filled out a short question-
naire concerning themost obvious confounding factors
(age, gender, ethnical background, medication usage,
ophthalmic history, sleeping side, eye rubbing). After
patients were put under general anesthesia, a drop of
artificial tears (Thealoz Duo; Théa Pharma, Clermont-

Ferrand, France) in one eye and a drop of topical
anesthetics (Minims Oxybuprocaine Hydrochloride
0.4%; Bausch + Lomb, Aubenas, France) in the other
eye were applied to each subject in a randomized way
by a pre-informed nurse. A timed 2 to 3 minutes passed
between application of the drops and the sampling. A
drop of artificial tears was applied to prevent unblind-
ing of the executer and to mimic any diluting effect of
the anesthetic drops in the control eye. Both types of
drops were preservative free. By using volunteers under
general anesthesia, we assured similar pressure with
or without topical anesthetic because the executer was
not influenced by the patient’s reaction. The left and
the right eye were sampled in a standardized way by a
blinded medical student or resident. The student was
trained before sampling and supervised by an author
(HD) during the first execution. A step-by-step proto-
col was available as a mnemonic device for subse-
quent sampling moments. Sampling was performed
before any presurgical disinfection of the skin and
conjunctival sac. A single, sterile, nylon, flocked swab
(FLOQSwabs; Copan, Brescia, Italy) was rubbed from
the nasal to temporal inferior conjunctival sac and
simultaneously swirled in the opposite direction of the
sampling itself. The swab was placed in an Eppendorf
tube and stored for less than 2 weeks at –18°C before
being transferred to a −80°C freezer until further
processing.

DNA Extraction and Amplicon Sequencing

Microbial deoxyribonucleic acid (DNA) was
extracted from frozen samples using the RNeasy
PowerMicrobiome Kit (QIAGEN, Hilden, Germany)
according to themanufacturer’s guidelines with specific
adaptations for DNA extraction and higher yield.14
In short, the DNase and β-mercaptoethanol steps
were omitted. After vortexing the PowerBead Tubes
for 10 minutes, the tubes were placed at 90°C for 10
minutes as a heat lysis step. Final DNA was dissolved
in 50 μL DNase-Free Water instead of the standard
100 μL. Before final centrifugation, the collection
tubes with filter membrane were incubated at room
temperature for 5 minutes instead of 1 minute. DNA
was quantified via fluorometry (Life Technologies
Qubit dsDNA High Sensitivity Kit; Thermo Fisher
Scientific, Waltham, MA). Library preparation and
sequencing were performed at BaseClear, Leiden, The
Netherlands. The hypervariable V3–V4 region of the
16S rRNA gene was amplified with polymerase chain
reaction (PCR; 341F/785R primer set). The ampli-
fied DNA was sequenced with the Illumina MiSeq
sequencing platform (Illumina, San Diego, CA) to
generate 2 × 300 base-pair (bp) paired-end reads.
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Table 1. ASV Count Relative to Included Data

ASV Count, n

Raw data 2034
After removal of eukaryotes, chloroplasts, mitochondria, not assigned phyla, and technical singletons 377
After removal of biological singletons 295
After removal of ASVs < 0.1% 60

Our initial dataset showed 2034 ASVs. After removing eukaryotes, chloroplasts, mitochondria, not assigned phyla, and
technical singletons (ASVs present only once in our dataset), we retained 377 ASVs. After removal of specific ASVs only present
in one individual (biological singletons), 295 ASVs were preserved belonging to 99 genera. When excluding ASVs with an
abundance below 0.1%, we retrieved 60 ASVs belonging to 23 genera.

Data Analysis

The paired-end fastq files were analyzed using
DADA2 pipeline version 1.12 in R (open-source
version 1.2.5033) according to the tutorial for quality
profiling, filtering (maximum expected error of 2)
and trimming reads, sequence variants interference,
removal of Chimeric sequences, and taxonomic assign-
ment.15,16 The primers were removed during filtering
and trimming and the forward reads were trimmed at
290 bp; reverse reads were cut at the 240-bp position
based on the quality profile and to maintain a minimal
of 20 bp nucleotides for overlapping.17 Taxonomical
assignment was done using the SILVAdatabase version
132.18 After calculating alpha diversity measures, all
amplicon sequence variants (ASVs) detected only once
in the whole dataset and all ASVs belonging to only
one single volunteer (i.e., ASVs detected in both eyes
of only one individual) were removed, excluding both
technical as well as biological singletons. Next analy-
ses were performed with either all ASVs or with only
ASVs with an abundance > 0.1% as specified in the
results section (Table 1). All stated comparisons were
calculated with relative abundances.

Alpha diversity measures such as the observed
number of ASVs (i.e., total number of ASVs detected
per sample19), Shannon’s diversity index (i.e., number
of taxa and evenness of their distribution, more influ-
enced by richness and rare species20,21), and Simpson’s
diversity index (i.e., number of taxa and evenness of
their distribution, more influenced by evenness and
commons species19,21) were compared. Bray–Curtis
dissimilarity was used to visualize beta diversity in
order to examine the difference in microbial compo-
sition between both of the sampled groups. Alpha
and beta diversity were calculated using Phyloseq
1.24.0. The principal component analysis (PCA) was
visualized in R via fviz_pca(), after downloading the
factoextra library. The weighted UniFrac distance
was calculated to determine the UniFrac distance
between sample pairs. Via the Galaxy web applica-

tion, linear discriminant analysis (LDA) effect size
(LEfSe) (LDA threshold > 2, P < 0.05) was executed
to identify potential biomarkers differentiating both
bacterial communities.22–24

Statistical Analyses

The data were analyzed using R 1.2.5033 statisti-
cal software.16 The Shapiro–Wilks normality test was
used to test the data for normality. When normally
distributed, the mean percent and standard deviation
(SD) were used; when not normally distributed, the
median percent and interquartile range (IQR) Q1 to
Q3 were noted. Normally distributed paired samples
were compared using Welch two-sample t-test. Paired
samples not normally distributed were compared with
the Wilcoxon rank-sum test. P < 0.05 was consid-
ered statistically significant. Relative abundance was
used for normality testing of samples. When results
were statistically significant, the Benjamini–Hochberg
procedure for multiple hypothesis testing was applied.

Results

Twenty-four eligible patients volunteered to partic-
ipate in the study. Upon DNA extraction of the
samples, the DNA yield was too low for sequencing
(≤0.5 ng/mL) in seven samples, resulting in the exclu-
sion of four sample pairs. The four excluded volunteers
with unexplained low yield were all females between
the age of 40 and 59 years old; one volunteer was a
contact lens wearer. Forty samples from 20 patients
(three females, 17 males) were sequenced and further
analyzed. In these patients, the mean age was 48.5 ± 18
years (range, 19–81). Two of the included volunteers
were contact lens wearers.

Before quality filtering, the 2,050,659 reads had
a mean of 100,366 ± 19,371 per sample. After
quality filtering, the total amount dropped to 955,823
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Table 2. Alpha Diversity Measures in the Control Group and the Topical Anesthetic Group

Measure Topical Anesthetic Artificial Tears P

Observed ASVs P > 0.05, Wilcoxon rank-sum test
Median 61 46
IQR, Q1–Q3 21–75 23–66

Shannon diversity index P > 0.05, Welch two-sample t-test
Mean 2.6 2.5
SD 0.7 0.7

Simpson diversity index P > 0.05, Wilcoxon rank-sum test
Median 0.8 0.8
IQR, Q1-Q3 0.8–0.9 0.8–0.9

Aerobic genera P > 0.05, Wilcoxon rank-sum test
Median 1140 3884
IQR, Q1–Q3 314–3879 1191–3402

Anaerobic genera P > 0.05, Wilcoxon rank-sum test
Median 445 372
IQR, Q1–Q3 151–963 42–1677

Facultative anaerobic genera P > 0.05, Wilcoxon rank-sum test
Median 926 1889
IQR, Q1–Q3 256–1507 389–4039

No significant differences were observed for ASVs, Shannon diversity index, or Simpson diversity index between the two
examined groups. Alpha diversity measures were calculated before removing singletons.

Figure 1. Alpha diversitymeasures (Shannon and Simpson diversity indexes) for both the control group (n= 20) and the topical anesthetic
group (n = 20). We observed no significant difference in the Shannon and Simpson diversity indexes between the control group and the
topical anesthetic group. The Shannon diversity index (mean ± SD) in the topical anesthetic group was 2.6 ± 0.7, with similar values being
found in the control group (2.5 ± 0.7). The Simpson diversity index was equal in the two groups, with a median of 0.8 and an interquartile
range of 0.8 to 0.9.
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Figure 2. Bray–Curtis plots comparing the control group versus the topical anesthetic group. (A) Ordination diagramof nonmetricmultidi-
mensional scaling (NMDS), calculated based on the Bray–Curtis dissimilarity index (and square-rooted tomakeNMDSmetric). (B) Ordination
diagram of the PCA, calculated based on the Bray–Curtis dissimilarity index.

Figure 3. Relative abundances at the phylum level of the control group and the topical anesthetic group. Actinobacteria is themost preva-
lent phylum (all ASVs, control 51% and anesthetic 56%; ASVs > 0.1%, 55%–64%), followed by Firmicutes (all ASVs, 35%–32%; ASVs > 0.1%,
35%–28%) and Proteobacteria (all ASVs, 11%–8%; ASVs > 0.1%, 9%–6%). Bacteroidetes accounted for only 3% and 4%, respectively, when
looking at all ASVs after singleton removal and 1% and 2%, respectively, when taking into account ASVs with abundance> 0.1%. The differ-
ences between the two groups were not significant.

paired-end reads with a mean of 23,896 ± 18,153 per
sample, belonging to 2034 ASVs. After the removal of
biological and technical singletons, the reads of both
groups belonged to 295 ASVs (Table 1). When consid-
ering only ASVs with an abundance > 0.1%, 60 ASVs
remained.

None of the alpha diversity measures (observed
ASV, Shannon and Simpson diversity) was signifi-
cantly different between the control group and the
topical anesthetic group (Table 2, Fig. 1). No differ-
ence in beta diversity (Fig. 2) was observed between the
control and the anesthetic group in either the dataset
with all ASVs or the dataset with ASVs > 0.1%.

Looking at the relative abundance at the phylum
level in the control and topical anesthetic groups,
respectively, Actinobacteria was the most prevalent (all
ASVs, 51%–56%; ASVs > 0.1%, 55%–64%), followed
byFirmicutes (all ASVs, 35%–32%;ASV> 0.1%, 35%–
28%), and Proteobacteria (all ASV, 11%–8%; ASV
> 0.1%, 9%–6%). Bacteroidetes accounted for only
3% and 4% (all ASVs) and 1% and 2% (ASV >

0.1%), respectively. No significant difference was found
between the two treatment groups at the phylum level
(Fig. 3).

At the genus level, the 295 ASVs could be attributed
to 98 genera; the 60 ASV with an abundance > 0.1%
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Figure 4. Genera with a relative abundance≥ 1%, control group versus the topical anesthetic group (retrieved from dataset with all ASVs).
In the control group, the genera with relative abundance ≥ 1% (n = 10) were Corynebacterium (29%), Staphylococcus (19%), Cutibacterium
(17%), Neisseriaceae (15%), Anaerococcus (3%), Bifidobacterium (2%), Streptococcus (2%), Lawsonella (2%), Finegoldia (1%), and Peptoniphilus
(1%). In the topical anesthetic group, those genera (n = 8) were Corynebacterium (40%), Cutibacterium (14%), Staphylococcus (13%), Neisse-
riaceae (16%), Anaerococcus (3%), Streptococcus (2%), Lawsonella (1%), and Finegoldia (1%). Note that the family Neisseriaceae has not been
specified up to genus level.

could be attributed to 24 genera. When looking at
the dataset for all ASVs, 10 genera had a relative
abundance of ≥1%. In the artificial tears group, the
same 10 genera remained, whereas in the anesthetic
group, two genera dropped below the abundance
threshold of 1% (Bifidobacterium and Peptoniphilus)
(Fig. 4).

The comparison of weighted UniFrac distances
between samples (Fig. 5) revealed that within-subject
similarity overruled treatment effect in this cohort (P
< 0.05). No impact was observed for the distance
of ocular samples after the application of a drop of
topical anesthetics or artificial tears.

LEfSe analysis (on the data including all ASVs)
identified Cutibacterium as a potential discriminative
genus to differentiate samples based on the presam-
pling drop used, andCutibacteriumwasmore abundant
in the control group (P< 0.05). Seven different ASVs in
this dataset belonged to the genus Cutibacterium (ASV
2, ASV 20, ASV 65, ASV 138, ASV 609, ASV 710, and
ASV 1059).

Next, we analyzed differences related to bacte-
rial cell wall properties. Looking at the dataset with

the most abundant ASVs (ASVs with abundance >

0.1%; n = 60 ASVs), we analyzed and compared
genera with Gram-positive and genera with Gram-
negative characteristics. As expected, all samples had
a large prevalence of Gram-positive bacteria. Of the
60 ASVs, 46 belonged to genera with Gram-positive
characteristics and 11 to genera with Gram-negative
characteristics (three ASVs were not assigned at the
genus level). Moreover, Gram-positive genera were
significantly more abundant as compared with Gram-
negative genera in both the control and the topical
anesthetic groups. With our chosen extraction proto-
col, eight samples had no Gram-negative bacteria. Of
those eight samples, five belonged to the anesthetic
group and three to the artificial tears group. Two of the
samples without Gram-negative bacteria were the right
and left eye from the same volunteer.

When comparing the control group with the topical
anesthetic group, there was no significant difference
in relative abundance of Gram-positive and Gram-
negative bacteria (P > 0.05).

When looking at oxygen tolerance, all samples
had facultative anaerobic genera. The facultative
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Figure 5. The weighted UniFrac distance (calculated after technical and biological singleton removal). The distance within an individual
(right vs. left eye) is smaller than the effect of the topical anesthetic used before sampling (P = 1.014 × 10−5). The distance between all
samples was similar to the distance between the artificial tears/topical anesthetic versus all samples. Asterisks indicate significant P values.
Within one individual, n = 20; all samples, n = 40; artificial tears versus all samples and topical anesthetic versus all samples, n = 20 versus
n = 40.

anaerobic genera in our dataset were Staphylococ-
cus, Streptococcus, Dolosigranulum, Enhydrobacter,
Escherichia/Shigella, and Gemella. Five samples did
not have any anaerobic bacteria (two samples from
the artificial tears group and three samples from the
anesthetic group), and three samples had no aerobic
genera (one sample from the artificial tears group and
two samples from the anesthetic group). Interestingly,
four samples (out of the five) without anaerobic bacte-
ria also had no Gram-negative bacteria. There was
no difference in abundance (P > 0.05) of (facultative)
anaerobic and aerobic bacteria between the two groups.

Discussion

This comparative project aimed to assess the
immediate effect of topical anesthetic drops on the 16S
rRNA sequencing results of ocular surface samples.
We set up a prospective research project with strong
confounder monitoring. Artificial tears were used as
a control, to differentiate the effect of the active
component (oxybuprocaine hydrochloride 0.4%) from
the diluting effect of the drop itself and to prevent
unblinding of the executer. Moreover, preservative-free
drops were used to avoid an additional confounding
factor. Also, by sampling under general anesthesia and
in a blinded way, we ensured similar pressure when
swabbing with or without topical anesthesia. Further-
more, both eyes of one person were compared based

on a study by Cavuoto et al.,13 which reported that
the microbial composition of the right and left eye
is similar, in order to minimize compositional differ-
ences due to a different immunological and/or genetic
background. Finally, the effect of lifestyle factors,
such as sleeping side preference, was minimalized by
randomization.

Four of the 24 included volunteers were excluded
due to low bacterial yields in seven of the eight samples.
Interestingly, they were all females between the ages
of 40 and 59 years. This unexpected result, obtained
with our currently used extraction protocol, might
indicate quantitative differences between individuals,
with certain females having a very low bacterial load on
their ocular surface. Validation of our results will allow
further assessment of whether this low bacterial load is
of clinical relevance, as is the case for the gut micro-
biome,25 and searching for other correlations between
potential biomarker genera and certain confounding
factors (such as age or hormonal status).

When performing our subsequent analyses to
identify differences between the samples collected after
topical anesthetic or those after artificial tears, we
were not able to discriminate at the level of relative
abundances of the different phyla and genera in our
cohort of both eyes from 20 volunteers. Further-
more, diversity measures such as alpha and beta
diversity were not significantly different between both
groups. These results are in line with the narrow
intra-individual distance of samples pairs (weighted
UniFrac distance) (Fig. 5), revealing a larger within-
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subject similarity compared with the treatment effect
(P < 0.05).

Dong et al.2 reported that different swabbing
techniques led to a significant change in the propor-
tions of retrieved genera. In their cohort, the use
of a dry cotton swab applied with firm pressure
resulted in higher abundance of Proteobacteria
(Bradyrhizobium spp., Delftia, and Sphingomonas
spp.), whereas an increased abundance of Staphylo-
coccus spp. and Corynebacterium spp. was observed
in samples collected through the use of moist cotton
swabs applied with minimal pressure. These results
might be explained, on the one hand, by a diluting
effect caused by the moist swab or, on the other hand,
by a difference in swabbing depth, revealing a more
transient superficial microbiome (when swabbed with
minimal pressure) and a deeper resident microbiome
(when swabbed with firm pressure). Shin et al.9 found
a different microbial community in the group sampled
after applying a drop of topical anesthetic. The use of a
topical anesthetic can elicit an unintentional difference
in applied pressure while swabbing, explaining these
sequencing differences. To exclude this confounder,
volunteers in our project were sampled under general
anesthesia in a blinded way. Furthermore, Shin et al.9
used different cohorts in their study (subjects from
the ophthalmology practice vs. subjects working in
the laboratory). The difference (currently attributed
to the use of topical anesthetics) seen between both
groups might also be attributed to confounding factors
specific to the volunteers sampled at the laboratory
(e.g., younger, healthier, in contact with chemicals).
Finally, as mentioned above, this difference might also
be due to a diluting or flushing effect of rinsing away
the superficial (transient) layer of bacteria.26

Lysis of the bacterial cell wall is the first step of
every molecular extraction protocol, as it is necessary
to gain access to the bacterial DNA. In our extrac-
tion protocol, this lysis was executed by the beads
present in the QIAGEN RNeasy PowerMicrobiome
tubes (mechanical lysis) and an additional heat lysis
step. Reports suggest that topical anesthesia also has
an effect on the bacterial cell wall.6,7 When the bacte-
rial cell wall disruption had already taken place during
the process of numbing the ocular surface, the beads
might have affected the bacterial DNA itself instead
of the cell wall. Furthermore, we know from previ-
ous publications that Gram-positive bacteria are more
resistant to cellular lysis due to the high concentration
of peptidoglycan within their cell walls.27,28 In light
of the aforementioned, we hypothesized that the use
of topical anesthetics might have a different effect on
Gram-positive and Gram-negative bacteria. With the
currently used extraction protocol, we could not find

a difference between the two groups when comparing
genera with Gram-positive and Gram-negative charac-
teristics. There was a significantly higher abundance of
genera with Gram-positive characteristics in both the
control and anesthetic groups. This observation is in
line with our previously described core ocular surface
microbiome where four out of the six core genera were
Gram-positive.1

When looking at the necessity of oxygen for their
metabolism, there was no difference between the two
groups in (facultative) anaerobic and aerobic bacte-
ria. Interestingly, all samples had facultative anaerobic
bacteria.

Although the aforementioned analyses were not
able to discriminate samples based on the use of
topical anesthetics, LEfSe analysis (on the data includ-
ing all ASVs) indicated that the Gram-positive bacte-
ria Cutibacterium could serve as a potential discrim-
inative biomarker. LEfSe analysis is a bioinformatics
tool used to perform very specific comparisons taking
into account both biological consistency and effect size,
thus alleviating possible artifacts and the statistical
inhomogeneity known to be common in metagenomic
data. LEfSe analysis has been shown to have a lower
false-positive rate compared with standard statistical
tests such as Kruskal–Wallis.29 Overall, pretreatment
with a topical anesthetic has had only a minor effect
on overall sequencing results, but when comparing
papers it is important to take into account the specific
effect of anesthetics on the abundance of Cutibac-
terium. In previously published ocular surface micro-
biome research, Cutibacterium was not mentioned.
This can be explained by the reclassification of 10
species from the genus Propionibacterium to, among
others, Cutibacterium.30,31

Our cohort is also the first European (n = 20)
population cohort published to date, to the best of our
knowledge. Based on earlier published data, an ocular
core microbiome was defined at the phylum and genus
levels.1 The weighted core ocular surface microbiome
at the phylum level was calculated taking into account
the frequency of the respective genera for the different
publications having raw data available.

When comparing our control cohort to the core
phyla described there, we observed a lower proportion
of Proteobacteria (11% vs. 41%) and a higher propor-
tion of Firmicutes (35% vs. 17%). This might be due
to differences in the DNA extraction protocols used8
but potentially also by geographical differences, among
other confounding factors.

At the genus level, there was quite some overlapwith
the previously described core ocular surface micro-
biome:Corynebacterium,Acinetobacter,Pseudomonas,
Staphylococcus, Propionibacterium, and Streptococ-
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cus.1 Corynebacterium, Cutibacterium (formerly classi-
fied under Propionibacterium30,31), and Staphylococcus
were present in more than 95% of the control samples.
Pseudomonas and Acinetobacter had an abundance
below 1% in our current dataset. Bacillus (although
strictly not part of the core ocular surface microbiome)
could not be retrieved from our whole cohort.

The major limitations of our study include that
we performed a within-subject comparison, based on
the publication of Cavuoto et al.13 stating that the
microbial composition is similar between both eyes,
albeit this observation requires validation. To counter
this shortcoming, we randomized the right and the
left eye and looked at general trends. By comparing
weighted UniFrac distances between samples (Fig. 5),
we confirmed that there seems to be a within-subject
similarity. If the latter is disproven by future research,
our results would have to be reassessed. Second,
we only investigated the immediate effect of topical
anesthetics on the bacterial cell wall and its subse-
quent effect on DNA extraction and sequencing. We
did not investigate the effect of the product on the
microbial composition. A longitudinal study is neces-
sary to gain more insight into this long-term effect
of topical anesthetics on the microbial composition.
Third, we only looked at the microbial composition
based on 16S rRNA gene analysis and the inferred
genetic potential based on that information. We did
not perform functional analysis such as research on
metabolomics or proteomics. The subanalyses on the
Gram-positive and Gram-negative bacteria, as well
as anaerobic versus aerobic bacteria, were conducted
purely to gain more insight into our data and should
not be extrapolated as having any functional value.
Next, our sample size was rather limited; specifically,
the number of female subjects with sufficient bacte-
rial DNA for sequencing was unexpectedly low. Finally,
as the DNA extraction protocol has a high impact on
the observed composition, other extraction protocols
might reveal different results.8

In conclusion, our comparative double-blinded
study allowed a targeted search for the effects of
topical anesthetics on the eye microbiome, taking
into account the most obvious confounding factors.
In our cohort, the topical anesthetics did not affect
the overall sequencing results (at the levels of ASV,
phylum, genera, or alpha and beta diversity). However,
Cutibacteriumwas identified as a specific discriminative
biomarker for topical anesthetics. Hence, it is of impor-
tance to report the use of a topical anesthetic when
publishing 16S rRNA sequencing results of ocular
surface samples, as the effect of this anesthetic on the
prevalence and abundance of Cutibacterium should be
taken into account when comparing papers.
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