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Abstract

Purpose This study aimed to verify that aerosolization ocular surface microorganisms (AOSMs) accumulated during
non-contact tonometry (NCT) measurements.

Methods A total of 508 participants (740 eyes) were enrolled in the study. In Experiment 1, before NCT was
performed on each eye, the air was disinfected, and environment air control samples were collected via Air ideal®
3P (Bio Merieux). During NCT measurements, microbial aerosol samples were collected once from each eye. In
Experiment 2, we collected initial blank control samples and then repeated Experiment 1. Finally, in Experiment 3,
after the background microbial aerosol investigation, we cumulatively sampled AOSMs from each 10 participants
then culture once, without any interventions to interrupt the accumulation. The collected samples were incubated
and identified using matrix-assisted laser desorption/ ionization time-of-flight mass spectrometry (MALDI-TOF-MS).

Results Pathogenic Aerococcus viridans and other microorganisms from human eyes can spread and accumulate
in the air during NCT measurements. The species and quantity of AOSMs produced by NCT measurements can
demonstrate an accumulation effect.

Conclusion AOSMs generated during NCT measurements are highly likely to spread and accumulate in the air,
thereby may increase the risk of exposure to and transmission of bio-aerosols.

Precis

Pathogenic Aerococcus viridans and other species of aerosolization ocular surface microorganisms (AOSMs) can

spread and accumulate with the increase of NCT measurement person times, demonstrating an accumulation
effect.
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Introduction

Microorganisms, including viruses such as severe acute
respiratory syndrome(SARS), influenza and other infec-
tious microorganisms can spread through aerosol trans-
mission; these microorganisms often combine with
aerosols to form bio-aerosols, which are then transported
through the air [1-4]. Unlike respiratory droplets, bio-
aerosols can remain floating in the air for extended peri-
ods of time (up to hours), allowing them to repeatedly
attack the human body and increase the risk of transmis-
sion, posing a threat to human and environmental health
[5].

One common method used to measure intraocular
pressure (IOP), is non-contact tonometry (NCT). NCT
involves the use of an air puff to flatten the cornea, result-
ing in the dehiscence of the tear film and the generation
of aerosols [6-12]. While there are new technologies
available for measuring IOP [13]. Our previous study
found that the aerosols produced during NCT measure-
ments have a cumulative effect with increasing NCT
spraying times [10]. There aerosols can carry micro-
organisms from the ocular surface, leading to the gen-
eration of aerosolized ocular surface microorganisms
(AOSMs) that are dispersed in the air [14]. The presence
of AOSMs in the air could be harmful to human and
environmental health.

The aim of this study was to explore the cumulative
effect of AOSMs produced during NCT measurements
and provide a research foundation for assessing the risk
of bio-aerosol transmission during NCT measurements,
as well as its impact on human and environmental health.

Materials and methods

Ethical approval

This single-centre observational study was approved
by the Institutional Review Board of the Eye Hospital
of Wenzhou Medical University (2020-018-K-16) and
adhered to the tenets of the Declaration of Helsinki.

Participants

The study comprised 508 participants (740 eyes) at The
Eye Hospital, Wenzhou Medical University from Decem-
ber 2021 to February 2024. The inclusion criteria for
participants were as follows: (a) patients requiring NCT
measurement. The exclusion criteria were as follows: (a)
those with a history of infectious diseases or from epi-
demic areas, and (b) those with contraindications for
clinical NCT measurements.

Interventions and outcomes

Preparation prior to the experiment

Before conducting the experiments, the experimental
room was ventilated and cleaned. Additionally, we used
75% alcohol to disinfect the object surfaces and the air
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in the room. To minimise interference from airflow, we
avoided unnecessary and intense activities and limited
the frequent opening and closing of doors. The room
occupied an approximate area of 30 m% We set up the
medical terminal (M) and patient terminal (P). The medi-
cal staff and the participants were seated at the M and P
terminals, respectively.

The experiments were carried out with a consis-
tent indoor personnel density, and only one participant
was seated at the patient terminal (P). The participant
remained silent and wore a mask. The experimenter wore
protective gear, including masks, goggles, a white gown,
and sterile hats.

We used the TX-20P Automatic NCT (Canon Co.,
Tokyo, Japan) to measure IOP and generate air puffs for
the study of background microbial aerosols investigation.
The participants were instructed to sit on the P terminal
and position their chin on the mandibular support. They
were instructed to keep their forehead facing forward
and fixed on the forehead support. They focused on the
light source in the jet port, kept their eyes open naturally,
and exposed their corneas. Subsequently, both eyes of
participants were measured with the NCT and repeated
three times measured for each eye.

Microbial aerosols were sampled using an Air Ideal”
3P (BioMérieux) sampler. The sampler allowed for an air
volume of 100 L/min to pass through. The same micro-
bial aerosol sampler was used for all the experiments.
Before conducting the experiments, we sterilized the
NCT and Air Ideal® 3P with 75% alcohol. We used blood
agar plates with a diameter of 90 mm in the sampler (Bio-
kont, China).

Experiment 1 (Video. 1)

Before measuring the right eye of the first participant
with NCT, we used 75% alcohol to disinfect the air
around the NCT. Additionally, we collected 30 L of envi-
ronment air control sample, labeled as 17-P-1-O1. The
sampler was placed horizontally next to the air jet of the
NCT. Next, we measured the right eye of the first partici-
pant with the NCT.

The sampler was positioned perpendicular to the air
flow and placed horizontally next to the air jet of the
NCT outside of the participant’s eye for air sampling. It
was fixed on the connecting line between the air jet and
the participant’s eye, leaning towards the side of the par-
ticipant’s eye. The 30 L of sample collected was labeled
as 17-P-1-1. After measuring each eye with the NCT, we
disinfected the air jet, mandibular support, forehead sup-
port, and facial seat using cotton dipped in alcohol. We
repeated the same procedure for the left eye of the first
participant, and the samples were labeled as 17-P-1-O2
and 17-P-1-2, respectively. The testing order for both
eyes of each participant was as follows:
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1. Disinfect the environment air around the NCT, and
collect an environmental air control sample before
measuring the NCT of the right eye.

2. The right eye accepted NCT measured, AOSMs
spread during NCT measurements sampled.

3. Disinfect the environment air around the NCT, and
collect an environmental air control sample before
measuring the NCT of the left eye.

4. The left eye accepted NCT measured, AOSMs
spread during NCT measurements sampled.

For testing, we repeated this process 20 times to test both
eyes of 20 participants. After collecting the samples, we
incubated the plates in an aerobic chamber at around
25°C for 3-5 days. Then we compared the environmental
air control samples with the samples collected from the
participants’ eyes and analyzed the results. The analysis
of the accumulation results in Experiment 1 and Experi-
ment 2 were based on the original data from the work of
Shen et al., which we had previously published [14].

Experiment 2 (Video. 1)
After initially disinfecting the environment air and object
surfaces, we collected initial blank air control samples.

Initial blank air control sampling

We collected a 30 L of air sample labeled as blank air con-
trol sample; to establish the baseline level of microbial
aerosols in the environment. Then, we used the NCT to
produce air puffs to impact the surface of the eye model.
At the same time, we sampled another 30 L of air marked
as blank air control sample,. The sampler was placed so
that it was perpendicular to the airflow at the air jet port
when the initial blank control samples were collected.

NCT measurement experimental sampling

Before measuring the NCT of the first participant’s right
eye, we disinfected the surrounding air and the NCT
using 75% alcohol. We then collected a 30 L air sample
labeled as 21-1-PO1. After sampling 21-1-PO1, we mea-
sured the IOP of the right eye using NCT and collected
a 30 L sample during NCT measurement. The samples
were marked as 21-1-P1. We repeated the same proce-
dure for the left eye of the first participant with the sam-
ples labeled as 21-1-PO2 and 21-1-P2, respectively. The
sampler was placed in the same position as in Experi-
ment 1 during the NCT measurement.

We followed the same testing order as in Experiment
1. We repeated 41 times to test 41 participants. After
sample collection, we incubated the plates at 37°C in an
aerobic chamber for 24—48 h.
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Experiment 3 (Video. 1)
The background microbial aerosols investigation

Baseline level sampling

Before conducting the experiments, the room was
cleaned, and ventilated overnight. Ultraviolet disinfection
was performed, and the object surfaces and air environ-
ment were disinfected with a 75% alcohol solution at least
three times to minimize the concentration of microbial
aerosols in the air. Human movements were limited and
kept as consistent as possible. The experimental position
was kept away from the air vent. For each participant, the
air jet, mandibular support, forehead support, and facial
seat were disinfected using cotton dipped in alcohol. For
the overall assessment of the microbial aerosols during
NCT measurements, samples were taken from the M and
P terminals.

We used the natural sedimentation method and opened
the agar plate to sample the baseline microbial aerosols in
the air when no participant was present. The plate was
immediately closed, and this sample was designated as
the Baseline (initial state) ;. Then, 30 L of air was sampled
during six air puffs impinging at the eye model and this
sample was designated as the Baseline (air puff ),. The
sampler was used to collect a 30 L of air sample during
the first participant entered the room and sat at P termi-
nal prior to the NCT measurements, marked as Baseline
(human movements)s.

Microbial aerosols sampling during air puffs

The NCT device generated six air puffs without aiming
at the participants’ eyes. They also took care to avoid
touching the participants’ hair and other body parts. The
sampler was positioned in the same position as in Experi-
ments 1 and 2 during NCT measurements of partici-
pants’ eyes. Approximately 30 L of air was collected from
each individual.

We cumulatively sampled microbial aerosols from 10
participants, which were then cultured once. The culture
were performed after the 10th, 20th, 30th, 40th, 50th, and
60th participants from the M and P terminals, respec-
tively. No interventions were performed to interrupt the
accumulation of microbial aerosols.

After overnight air stewing, the baseline level sampling
was repeated [30 L of Baseline (initial state) ; was col-
lected using an Air Ideal® 3P, with other procedures same
as above]. Then we cumulatively sampled microbial aero-
sols from each 10 participants without NCT measure-
ments, which were then cultured once. The culture were
performed from the M and P terminal, respectively, this
part was same as above.
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AOSMs sampling during NCT measurements
Baseline level sampling repeated. Then NCT produced air
pulses lead to the dehiscence of the tear film during IOP
measurements for both eyes of each participant. Approxi-
mately 30 L of air was collected from each individual
using the sampler.

We cumulatively sampled from 10 participants, which
were then cultured once. The culture were performed
after the 10th, 20th, 30th, 40th participants and so on
from the M and P terminal, respectively. No interven-
tions were performed to interrupt the accumulation dur-
ing the experiment.

A total of 310 participants (618 eyes) were enrolled to
repeat the accumulation experiment. Plates in rounds
4 and round 5 were kept in aerobic conditions at about
35 °C for 24—48 h. Blood agar plates in other rounds were
kept in aerobic conditions at approximately 25 °C for 3-5
days after sample collection.

Identtification

The species of colonies were identified using the matrix-
assisted laser desorption/ ionization time-of-flight mass
spectrometry (MALDI TOF MS). We performed cluster
analysis for Rounds 3-5 using the Autof Analyzer soft-
ware included in the MALDI-TOF MS (Autof MS 600,
Autobio, China). A double-blind study was conducted,
with the experimental sampling personnel distinct from
those responsible for identification.

Statistical analysis

Microsoft Office 4.3.4.14 (Microsoft, Redmond, Wash,
USA) and Epidata 3.1 (The EpiData Association, Den-
mark) was used to establish a database for parallel double
input. Statistical analyses were performed by IBM SPSS
Statistics (version 25.0; IBM Corp., Armonk, NY, USA).

Results

In Experiment 1, the following microorganisms were
found to spread and accumulate in the air after NCT
measurements were performed on 20 participants (40
eyes): Psychrobacter faecalis, Kocuria palustris, Staphy-
lococcus  epidermidis, Chryseobacterium, Stenotroph-
omonas acidaminiphila, Brevundimonas, Pseudomonas
otitidis, Chryseobacterium arachidiradicis, Chryseobacte-
rium indologenes (Video 2).

In Experiment 2, the following microorgansims were
found to accumulate after NCT measurements were per-
formed on 41 participants (82 eyes): Kocuria palustris,
Bacillus megaterium, Bacillus subterraneus, Aerococcus
viridans, Enterobacter hormaechei, Sporosarcina (Video
2).

The number of microbial aerosols quantitatively accu-
mulated and increased with an increase in the number
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of participants NCT measured in Experiments 1-2 (see
Supplementary Table S1).

In Experiment 3, after cluster analysis, the species of
AOSMs may accumulate with an increase in the number
of NCT measurements performed (Video 2). Compared
to the baseline (background), the number of microbial
aerosols quantitatively accumulated and increased with
an increase in the number of participants NCT measured
(see Supplementary Table S1).

Discussion

The results suggested that AOSMs generated during
NCT measurements are highly likely to spread and accu-
mulate in the air. This may be due to the cumulative effect
of aerosols produced during NCT measurements [10].
Supporting this, our previous study demonstrated that
microorganisms from the ocular surface can attach to the
aerosols produced during NCT measurements, leading
to the generation and dispersion of AOSMs in the air [14,
15]. As the number of NCT measurements increased, the
number of microbial aerosols also accumulated, indicat-
ing that these microbial aerosols may persist in the air
and pose a risk to human health over time. In light of
these findings, it is essential to implement measures to
mitigate pollution risks.

Although basic disinfection measures, such as ultravio-
let light and alcohol, were found to have some effective-
ness in reducing AOSMs in final samples, we recommend
enhancing these practices. Specifically, using ultraviolet
rays for 30 min and 75% alcohol to disinfect the environ-
ment and object surfaces at least three times may help
decrease the basic of aerosols and bio-aerosols in the air
to a certain level; and during the following aerosol gen-
eration procedure (AGP), the bio-aerosols level in the air
can’'t increase quickly and highly. These recommenda-
tions align with the findings of Shang et al., who identi-
fied ultravioletray for 30 min as the optimal inactivation
time and timely inactivation is therefore recommended
[16].

However, during NCT measurements, there is still an
accumulation of AOSMs in the air. This accumulation
poses an increased risk of microbial aerosols to human
health. Therefore, it is urgent to propose a novel method
to continuously and stably decrease the bio-aerosols pro-
duced during NCT measurements. This will help main-
tain a stable and safe level of bio-aerosols in the air. One
possible solution is to use layer-by-layer self-assembly
technology to synthesize polymer nanocomposites that
can inactivate microorganisms and reduce the risk of
microbial aerosols to protect human health [17]. Fur-
ther more, we can formulate dopamine in situ reduction
of nano silver and other anti-microorganism solution
by making device. Poly(acrylic acid)(PAA)(4 g, 35 wt%),
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
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(EDC)(0.2 g), dopamine hydrochloride (0.35 g), and
N-Hydroxysuccinimide(NHS) (0.05 g) were dissolved in
50 mL of deionized water; stirring then continued for
8 h; the product was obtained after dialyzing for 72 h
and freeze-drying at -20 °C [17]. Poly (ethyleneimine)
(branched polyethylenimine [PEI] combined with silver
nitrate. Finally, PAA-dopa (0.4 mg/mL, pH=3.2) and PEI-
Ag+ (0.4 mg/mL, pH=10.8, AgNO, 0.05 mg/mL) can be
prepared as two solutions and their buffer solutions with
the same pH value [17]. They can be layer-by-layer modi-
fied the baffles on NCT, other medical equipment and
any other AGP conditions to decrease microbial aerosols.
Notably, the formulation of dopamine for in situ reduc-
tion of nano silver is portable and can be used worldwide.
And other Nano Silver formula also have excellent or
even better effect of anti-microbial aerosols and aerosols
[18].

When NCT measurements involve more than 20 par-
ticipants, it is recommended to disinfect at least tree
times using anti-microorgansims solutions after every
ten participants, or to disinfect more frequently, in order
to inactivate and prevent airborne microorganisms and
eliminate cumulative effects during AGP. Moreover,
while Next-Generation Sequencing (NGS) metagenom-
ics is a new technology that can achieve extremely accu-
rate and efficient detection of microorganisms, it was not
necessary for our experiment [19].

The limitation of our study is that in the future, more
new and harmless materials should be developed to
reduce the accumulation of aerosols and microbial aero-
sols in various fields. Additionally, future studies should
utilize models such as Quantitative Microbial Risk
Assessment (QMRA) to further estimate the risk of aero-
sol-borne illnesses caused by pathogenic microorgan-
isms such as SARS as well as to evaluate the impact of
risk mitigation efforts, in order to provide references for
decreasing the risk of pathogenic microorganism aerosol
transmission [20-22].

Conclusion

There is a high likelihood that AOSMs produced during
NCT measurements can accumulate with an increase in
the number of NCT measurement person times, thereby
may increase the risk of microbial aerosol transmission to
human health.

Supplementary Information
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org/10.1186/512886-024-03664-7.

Supplementary Material 1: Video 1: The video of the experiments
procedure in the study

Supplementary Material 2: Video 2: The video of the experiments results

Supplementary Material 3: Supplementary Table S1: The numbers
and properties of microbial aerosols produced during NCT measure-
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ments. Supplementary Table S1 sequentially displayed the number and
properties of microbial aerosols produced in Experiment 1-2; the number
of microbial aerosols produced in Experiment 3 background and Rounds
1-5; the number of microbial aerosols produced during non-contact
tonometer measurements in our prior experiments
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