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A B S T R A C T

Purpose: To determine organisms present in the conjunctiva of children before and after orthokeratology lens
wear, using MALDI-TOF mass spectrometry.
Methods: Conjunctival samples were collected from children aged 8–12 years (inclusive) at baseline and on three
occasions over the first six months of orthokeratology treatment. All lenses were disinfected using the povidone
iodine-based solution every day after use. Specimens were cultured and all isolated colonies were identified using
MALDI-TOF mass spectrometry. Numbers of organisms and diversity were compared over the study period and
the presence of any ocular pathogens noted and participants informed, where appropriate, to enhance their
compliance with lens care routine.
Results: Organisms isolated from 76 children were generally similar to other studies employing culture methods.
However, MALDI-TOF results yielded a wider range of species of micrococci and corynebacteria, as well as a few
less frequently reported organisms. Only one culture yielded fungi. Ocular pathogens were only isolated from 9
subjects (4 before lens wear and 5 after lens wear), each on one occasion only. Diversity and numbers of or-
ganisms fell slowly over the period of the study, but the changes were not significant.
Conclusions: Lens wear did not affect the overall content of the ocular microbiome, but the diversity was somewhat
reduced. The incidence of ocular pathogens was low, suggesting that risk of ocular infection was not substantially
increased by orthokeratology treatment using a povidone-iodine disinfecting solution.
1. Introduction

The human microbiome project showed that many areas of the body
harboured an extremely diverse community of microorganisms.1 The
ocular microbiome was not included in the original project, as it was
considered to be less diverse than other colonized sites.1 However,
research using 16S rRNA techniques revealed a wider range of organisms
than culture techniques.2 As the eye is exposed, organisms can contam-
inate the surface from adjacent skin, fingers, and the environment,3 but
defence mechanisms, including blinking, antibacterial substances in the
tears, and tightly packed epithelial cells,4 help reduce contamination.

Whilst traditional culture methods reported few organisms in the
conjunctiva, 16S rRNA revealed a wider range of organisms.5,6 A major
limitation of nucleic acid detection methods is their inability to distin-
guish viable from non-viable organisms. Additionally, as the conjunctiva
is exposed, air-borne organismsmay contaminate the surface. Also, it was
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determined that many isolates, supposedly from the sampled sites, were
actually contaminants from swabs.7 Incorporation of negative controls,
now a standard requirement of 16S rRNA studies, reduced the number of
genera reported in the ocular microbiome,8 with those commonly
detected being largely similar to those previously reported by culture.2

Culture-based methodology may not lead to accurate identification if
only routine biochemical testing is employed. The introduction of matrix-
assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass
spectrometry greatly enhanced identification, especially of less
frequently encountered species.9,10 This technique has been widely
adopted in diagnostic laboratories and frequently used in research.
However, its use to identify organisms in the ocular microbiome has not
been previously reported.

Contact lens use can affect the conjunctival microbiome due to intro-
duction of organisms originating from the fingers, tap water, or lens stor-
age cases and other accessories.11–13 As overnight wear of orthokeratology
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(ortho-k) lenses, primarily used for myopia control in children,14,15 in-
creases the risk of ocular infection due to reduction in tear exchange,
debris removal, and oxygen tension, particular care is required for lens
cleaning and disinfection. Transfer of residual disinfecting solution into the
eye may affect organisms present in the conjunctiva,16 as lens wear
appeared to decrease incidence of sporadically detected genera using 16S
rRNA.7,8 In addition, disinfecting solutions, particularly those using qua-
ternary ammonium compounds or biguanides, may select for organisms
carrying disinfectant-resistant genes.17

Recently, disinfecting solutions incorporating povidone iodine as the
active agent have been introduced, which abnegates this problem.
Although their effectiveness in vitro against both planktonic and biofilm
organisms has been demonstrated,18,19 effects on the ocular microbiome
remain unknown. The current study, which forms part of a larger
investigation to evaluate a povidone iodine-based disinfection care sys-
tem for ortho-k lenses,18–20 aimed to investigate changes in the ocular
microbiome. A culture-based approach was adopted, supplemented by
the use of MALDI-TOF, to enhance correct identification at species level,
which was not possible using routine laboratory test.

2. Materials and methods

Eighty healthy myopic children undergoing ortho-k treatment, aged
6–10 years, were recruited. Informed consent and assent were obtained
from the parents and the subjects, respectively, before participation of
the study. This study followed the Tenets of the Declaration of Helsinki
revised in 2013, was approved by the Departmental Research Committee
of the School of Optometry (HSEARS20170430002), and was registered
at ClinicalTrials.gov (NCT03193255). Subjects with ocular pathogens
identified were informed, where appropriate, to enhance their compli-
ance with lens care routine and reduce the risk of ocular infection.

Subjects were prescribed with the Katt BE free ortho-k lenses (Pre-
cision Technology Services, Vancouver, B.C., Canada) made from HDS
100 material (paflufocon D (fluorosilicone acrylate), Dk 100 units), and
were instructed on correct lens wear and care. All lens procedures,
including insertion, removal, and cleaning were performed by parents.
Before use, lenses were rinsed with saline (cleadew® rinsing solution,
Ophtecs, Japan) and cushioned with a drop of unpreserved artificial tears
(Teare®, Ophtecs) on the back surface of the lenses before insertion. On
removal, lenses were disinfected with povidone iodine-based solution
(cleadewGP®, Ophtecs). All solutions and accessories were replaced
monthly. All subjects were randomly assigned into four cleaningmethods
before disinfection, with respect to rubbing the lenses before disinfec-
tion, use of a separate daily cleaner, and bi-weekly protein removal.

Samples from the left conjunctiva were collected on two occasions
before and 1-, 3-, and 6-month after commencement of lens wear by a
trained examiner wearing fresh gloves for each subject. For the post-
ortho-k wear visit, all subjects were required to wear their lenses the
night before the scheduled visit or the appointment would be postponed
to the following week. Subjects were asked to look up and the lower
eyelid was gently pulled down to expose the palpebral conjunctiva and
avoid touching the cornea or the eyelashes during sampling. A Remel
BactiSwabs (Thermo-Fisher Scientific, Massachusetts, US), moistened
with sterile phosphate buffered saline, was gently rolled across the
conjunctiva, placed in transport media refrigerated at 0–4 �C, and
transported to the laboratory for culture, within 24 h.

2.1. Microbial assessment

Swabs, cultured overnight in freshly prepared brain heart infusion
broth after vortexing to release organisms, were sub-cultured onto two
blood agar plates, one incubated at 37 �C aerobically and the second,
which had been pre-reduced, anaerobically, and a chocolate agar plate
incubated at 37 �C in 5% CO2. Plates were examined at 24 h and 72 h.
Organisms from each colony type present on either agar were identified
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using MALDI-TOF spectrometry (Bruker Microflex LT/SH system; Bruker
Corp, Billerica, MA), and the Bruker Biotyper database (version 4.1.80),
following the manufacturer’s instructions.
2.2. Statistical analysis

All statistical analysis were performed using SPSS software version 26
(IBM corporation, NY, USA). As no differences were observed among the
groups using various cleaning regimes with respect to frequency and
organisms,20 results were pooled for further analysis. Change in coloni-
zation with time was evaluated using the Friedman test. Binary logistic
regression was used to evaluate the effect of age, gender, use of solutions,
and baseline colonization on colonization after lens wear. Further anal-
ysis on association of frequency of colonization after lens wear with
factors determined in the logistic regression was performed using the
Chi-square test.

3. Results

Of the initial 80 subjects, analysis was performed on 76 (mean age:
9.1 � 1.1 years; 58% female), as baseline samples of four subjects were
discarded due to a delay in delivery to the laboratory. Fig. 1 shows the
conjunctival colonization of the subjects over time, of whom 42 had
positive colonization on at least one occasion. Although 18 subjects had
positive cultures only after ortho-k, overall frequency of colonization
reduced over the period of lens wear. Of the 24 subjects (32%) colonized
at baseline, only 15 had one or more positive cultures after commencing
lens wear, most commonly at 1-month (9/24), with only five and six
subjects positive at 3- and 6-month, respectively. Only one subject yiel-
ded positive cultures on all occasions. Of the 52 subjects not colonized at
baseline, seven were colonized at 1-, nine at 3-, and five at 6-month visits.
Although there was a downward trend for colonization, this did not reach
significance (Friedman test, P ¼ 0.079). Binary logistic regression
showed that colonization after lens wear was associated with baseline
colonization (OR 3.69; 95% CI: 1.3–10.8), but not with age or gender
(P > 0.672). Those with baseline colonization were also likely to be
associated with a greater number of colonized visits after lens wear (chi-
square test, p ¼ 0.018).

As expected, a fairly limited number of species were identified from
conjunctival colonization cultures. Most cultures also only yielded rela-
tively small number of colonies. Only a minority of cultures (9/288, 3.1%)
yielded ocular pathogens, with four isolations each of Staphylococcus aureus
and Streptococcus pneumoniae, and one of Acinetobacter junii. These isolates
were from nine different subjects, each on a single occasion: four occurring
before lenswear andfive after lenswear. The presence of opportunistic and
non-pathogenic organisms did not increase the risk of ocular pathogens
before or after lens wear (chi-squared tests, P¼ 0.363–0.695). No obligate
anaerobic species were isolated despite extended incubation.

The most common isolates were Micrococcus luteus (28%) and
S. epidermidis (13%) (Table 1). Other species of micrococci were also
identified, including S. equorum, S. warneri, and Kocuria marina. Several
species of coryneform bacteria were present with four isolations of
Corynebacterium macginleyi and one each of C. accolens and Micro-
bacterium paraoxydans. Cultures from four subjects yielded Bacillus spe-
cies, with three isolates of B. cereus and one of B. subtilis. Isolation of
gram-negative organisms was rare, being present in cultures of only four
subjects. Other than the Acinetobacter mentioned above, there was one
isolation each of Moraxella osloensis, Moraxella catarrhalis, and Steno-
trophomonas maltophilia. There was only one fungal isolate, Aspergillus
terreus, from a subject after 3-month of lens wear. Overall, a total of 17
species were cultured, but the variety reduced together with the per-
centage of positive colonizations over time (Table 1). The four isolations
of S. aureus were all from different subjects: one at baseline; one after 1-
month of lens wear; and two after 6-month.



Fig. 1. Presence of organisms in the conjunctiva of subjects before and after wearing orthokeratology lenses at the three post lens wear visits (M1: 1-month; M3: 3-
month; M6: 6-month).

Table 1
Micro-organisms isolated from the lower conjunctiva before and after orthokeratology lens wear.

Number of subjects Baseline 1-month 3-month 6-month

Number of valid samples – 76 71 73 68
Positive colonization – 24 (32%) 16 (23%) 14 (19%) 11 (16%)
Pathogenic
Staphylococcus aureus 4 1 1 0 2
Streptococcus pneumoniae 4 2 0 2 0
Acinetobacter 1 1 0 0 0
Opportunistic
Staphylococcus epidermidis 10 4 0 2 4
Corynebacterium macginleyi 4 1 2 1 0
Staphylococcus warneri 4 0 2 2 0
Bacillus cereus 3 1 0 0 2
Staphylococcus equorum 2 0 2 0 0
Aspergillus terreus 1 0 0 1 0
Bacillus subtilis 1 0 1 0 0
Corynebacterium accolens 1 0 1 0 0
Moraxella osloensis 1 0 0 1 0
Moraxella catarrhalis 1 1 0 0 0
Stenotrophomonas maltophilia 1 0 1 0 0
Non-Pathogenic
Micrococcus luteus 21 15 7 5 3
Kocuria marina 1 0 0 1 0
Microbacterium paraoxydans 1 1 0 0 0
Number of species 17 9 8 8 4
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4. Discussion

This study adopted a novel approach to identify organisms present in
the conjunctivas of children commencing ortho-k treatment. Unlike most
previous studies of the ocular microbiome, the use of MALDI-TOF
allowed for accurate speciation, assessment of frequency of isolation
over a sustained period, and a relatively large sample size. It was not
possible to sample all subjects on every occasion, but about 85%–95% of
subjects attended each sampling session. A large number of conjunctival
samples yielded no positive culture, with less than a third positive at
baseline. Similar lack of growth in a high percentage of samples has been
reported in a review of normal ocular microbiota.21 Overall frequency of
colonization reduced consistently over the 6-month period of moni-
toring, suggesting use of povidone iodine reduces colonization. Studies
have shown that contact lens wearers have reduced levels of coloniza-
tion, possibly due to residual disinfecting solution transferred to the eye
on lens insertion.12 Although RGPmaterial would not absorb disinfecting
3

solution,22 any deposits on the lens surface, not removed during cleaning,
may take up solutions during soaking, which would leach out into the eye
during lens wear. Such deposits can increase discomfort of lens wear and
possibly ocular trauma. Thus, lens wearers are encouraged to rub their
lenses during cleaning. Zhang et al.8 used 16s rRNA to investigate
conjunctival organisms of wearers of various types of contact lenses,
including ortho-k lenses, and reported changes in the microbiome. They
reported that organisms in ortho-k lens wearers differed from those of
soft contact lens wearers, with fewer Bacillus, Tatumella, and Lactoba-
cillus. However, their study only included 11 ortho-k wearers of average
age of 12 years. Only one sample was collected from each participant and
wearing time of ortho-k lenses ranged from two months to four years.
They compared the microbiota with those of adults aged 20–30, who
were either spectacle or soft contact lens wearers. The current study,
using a considerably larger sample size, with baseline samples from 76
subjects and all three post-wear samples from 87% of the subjects,
allowing a better assessment of changes due to ortho-k lens wear.
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Although somewhat limited compared to the numbers of organisms
identified using 16s rRNA techniques, the range of organisms isolated
was wider than usual reports from conjunctival culture. This may be
partly due to misclassification of all micrococci as S. epidermidis, as
speciation of coagulase negative species is rarely performed in medical
laboratories if isolated from a healthy patient. Interestingly, the most
frequently isolation species in the current study was M. luteus, which is
less commonly reported than S. epidermidis in reports of conjunctival
culture, probably being labelled as coagulase negative staphylococci. An
increasing proportion of micrococci in the conjunctiva of contact lens
wearers has previously been reported in 16s rRNA-based studies.12,23

This may be due to a transfer of skin flora, possibly from the fingers into
the eye. However, Shin et al.7 found no difference in proportions of
micrococci associated with lens wear.

Use of MALDI-TOF has considerably improved identification of gram-
positive cocci, which is difficult if standard biochemical testing is
employed, allowing correct speciation of recently defined genera, such as
Kocuria.24 Identification using advanced systems, such as MALDI-TOF or
16s rRNA, have increased the reporting of unusual species in ocular in-
fections.25 These rare isolates are associated with non-ocular habitats, for
instance,M. osloensis is a pathogen of a nematode that infects slugs.26 With
the exception of K. marina andM. paraoxydans, all isolates identified in this
study have been occasionally reported in ocular infections.25 However, it is
recognized that MALDI-TOF identification is limited by the extent of the
database. This can lead to closely related species being misidentified. As
such, the database needs to be continuously and regularly updated.27

It was encouraging that conventional ocular pathogens were rarely
isolated. Four subjects yielded S. aureus and another four S. pneumoniae,
but each on one occasion only S. aureus is not usually considered to be
part of the ocular microbiome, but to be transferred into the eye via
contaminated fingers or lenses, as it is a colonizer of the nasal cavity.12 As
nasal swabs were not collected in the current study, it was not possible to
determine if these subjects were nasally colonized.

It was notable that there were few isolates of gram-negative species,
with the exception of one isolate each of A. junii and S. maltophilia. In a
review of studies using routine culture and identification methods, only a
few reported the presence of gram-negative organisms.21 The few in-
stances of substantial contamination with potential gram-negative ocular
pathogens were thought to be associated with tap water contact.28 In
recent years, there has been increased emphasis on the importance of
avoiding contact of lenses and accessories with tap water.29 The subjects
in the current study were recruited from randomized trials involving
ortho-k lens wear and would have received frequent reminders about
avoidance of tap water. This could explain the paucity of gram-negative
isolates. It was previously reported that female lens wearers had more
gram-negative organisms than males,6 but no differences were found in
the current study.

It was notable that no anaerobic species were isolated. This may be
attributable to delay in culture as samples could not always be transferred
to the laboratory within 3 h. Several authors have reported the presence of
Propionibacter acnes, which is part of the normal skinmicrobiota, in normal
eyes,8,30 including those of children.31 This organism is an occasional
cause of ocular infections.32 The external ocular environment is not
favourable to anaerobic colonization and numbers of species isolated are
small.8,30 Two studies have shown no differences in diversity or isolations
of anaerobes between contact lens and non-lens wearers.7,8

5. Conclusions

This study, involving a large sample of children wearing ortho-k
lenses, has shown that there was no increase in diversity of microor-
ganisms colonizing the lower conjunctiva compared to baseline levels.
The results indicated that the number of species present was generally
decreased during the period of wear, whichmay be associatedwith use of
an effective disinfecting contact lens solution. Use of MALDI-TOF
allowed for accurate speciation of micrococci and corynebacteria, which
4

are not usually fully identified by traditional culture. The absence of
ocular pathogens may be associated with the use of povidone iodine-
based disinfecting solution. Further studies to compare effects of
different disinfecting solutions are warranted.
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