EXPERIMENTAL RESEARCH

Investigation of a Novel Method for High-Level Disinfection
of the Tonometer Tip

Aysun Sanal Dogan'®, Siicattin Ilker Kocamis'®, Gizem Kosak®®, Aysenur Coban'®, Mehmet Morkoc*®,
Gul Erdem’®, Mukaddes Damla Cifici!

ABSTRACT

Background/Aims: Disinfecting the tip of the Goldmann applanation tonometer with 3% hydrogen peroxide or 10% sodium
hypochlorite for 10 minutes, followed by rinsing for 5 minutes, is not practical in busy clinics. This study aimed to explore a new, more
practical method for disinfection.

Methods: Ozone (0s) gas (200 mg/h) and 20-watt, 411 nm blue light were used in the study. A sealed, light- and air-tight box containing
an ozone generator and blue light source was used. Petri dishes (r = 9 cm) were inoculated with E. coli ATCC 25922 at concentrations
of 107 CFU/mL and 10® CFU/mL by diluting a 0.5 McFarland suspension 1:10, and applying it evenly with a swab. To observe physical
effects, 1 cm? polymethyl methacrylate (PMMA) plates were also placed inside the box. Experiments were conducted using two
bacterial densities (107 and 10® CFU/mL), with three ozone doses (1.335, 2.670, and 5.340 mg/L) and three blue light exposure times
(8, 16, and 32 minutes). Each test was repeated twice.

Results: With 10”7 CFU/mL bacteria, 1.335 mg/L ozone and 8 minutes of blue light reduced colonies by 98.2%; after 32 minutes, no
colonies remained. At 10® CFU/mL, 5.340 mg/L ozone and 32 minutes of light reduced colonies by 98.5%.

Conclusions: The combination of ozone and 411 nm blue light achieved dose-dependent disinfection even at high bacterial concentrations
(108 CFU/mL). This method appears to be effective under experimental conditions.
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INTRODUCTION According to the manufacturer’s recommendations, the to-

Glaucoma is a progressive optic neuropathy for which the ~ nometer tip should be disinfected by immersion in 3% hy-
only modifiable risk factor is elevated intraocular pressure
(IOP). Although different methods are available for IOP

measurement, the applanation tonometer developed by

drogen peroxide or 10% sodium hypochlorite solution for
10 minutes, followed by rinsing under running cold water

for at least 5 minutes and drying with a sterile, single-use
Hans Goldmann in 1950 still remains the gold standard. . . . . .

) o . " cloth. Compliance with these instructions ensures a service
This technique is based on the Imbert-Fick principle and re-

. . , ) life of 2 years for the tip. However, due to the impractical-
quires the applanation tonometer’s anterior surface—3.06

mm in diameter and 7.35 mm? in area—to flatten the cen-
tral cornea. The Goldmann tonometer consists of two main
parts: a metal arm with numerical scales attached to the

biomicroscope and a tip made of PMMA (1).

ity of the recommended protocol in busy clinical settings,
alternative practices such as the use of isopropyl alcohol or
wiping with hydrogen peroxide without the required soak-

ing time are often employed. Disposable tips, on the other
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hand, have not gained widespread use because of their high

cost.

Disinfection is defined as the process of removing most
pathogenic microorganisms—excluding spores—from in-
animate objects. The chemical agents used in this process
are termed disinfectants. Each disinfectant has a distinct an-
timicrobial spectrum, and no single disinfectant is expected
to be universally effective against all microorganisms (2).
High-level disinfection refers to the elimination of all mi-
croorganisms except bacterial spores, whereas sterilization
denotes the complete destruction of all forms of microbial
life, including bacterial spores. From an infection control
perspective, medical instruments that come into contact
with sterile body tissues or the vascular system, such as
surgical instruments, must undergo sterilization. In con-
trast, semi-critical devices that contact mucous membranes
but do not penetrate sterile tissues, such as tonometer tips,
require high-level disinfection to effectively reduce the risk

of pathogen transmission (3).

Ozone (Os) has emerged as an effective agent in bacterial
disinfection owing to its radical-forming properties and ox-
idative capacity. Being an unstable gas, ozone decompos-
es to release free radicals, which damage cell membranes
and constitute the basis of its microbicidal activity. Its use
was first proposed for water disinfection in 1892 and later
expanded into the food industry and medical disinfection
(2,4).

The use of visible light for microbial inactivation is re-
ferred to as photodynamic inactivation. This approach typ-
ically employs an exogenous photosensitizer, which, upon
excitation, generates reactive oxygen species and exerts an-
timicrobial effects (5). However, recent studies have shown
that exogenous photosensitizers are not always necessary
for microbial inactivation and that violet-blue wavelengths

may themselves possess antimicrobial potential (5,6).

The aim of this study is to develop a highly effective, clin-
ically applicable, and reliable method for high-level disin-

fection through the combined use of blue light and ozone.

MATERIALS AND METHODS

In this study, Os (ozone) gas (200 mg/h), which generates
oxygen free radicals, and 20-watt 411 nm/s blue light were

used. A light- and air-tight chamber containing an ozone

generator and blue light source was employed (Figure 1).
Experiment was conducted in a closed system made of
stainless-steel which is ozone-resistant material. Addition-
ally, sealed joints were used to prevent gas escape. The
ozone concentration was measured using a theoretical cal-
culation. Since the experimental system was airtight, ozone
concentration was assumed to remain constant throughout
Escherichia coli ATCC 25922 isolates
grown on sheep blood BBL™ Columbia Agar (Becton
Dickinson, USA) were used. Escherichia coli ATCC 25922

was selected as the test microorganism in the present study

the experiment.

because it is a reliable, well-characterized model organism
that is widely used as a reference/test strain for evaluating
disinfectant efficacy (7). A working suspension of 10 CFU/
mL was prepared at 0.5 McFarland turbidity, followed by
a 1/10 dilution to obtain a suspension containing 107 CFU/
mL. To observe the physical effects, 1 cm? polymethyl
methacrylate (PMMA) plates were also placed inside the

chamber.

The experiment was conducted with two bacterial con-
centrations (107 CFU/mL and 108 CFU/mL). Three groups
were established based on ozone doses (1.335; 2.670;
5.340 mg/L) and blue light exposure times (8, 16, 32 min-
utes), each applied in duplicate. The ozone doses were
determined based on the production capacity of the ozone
generator, the fixed internal volume of the sealed exper-
imental chamber, and previously reported antimicrobial
ozone concentrations shown to be effective against bacteria
including E.coli (8). Similarly, the blue light exposure du-
rations were chosen based on previously published studies
demonstrating bactericidal effects of violet/blue light (9).
The exposure times were structured to evaluate a potential
dose-response relationship by doubling the exposure du-
ration at each step. Additionally, control and sham groups
were included, plated, and incubated. From the prepared
suspensions, one sheep blood agar plate was inoculated as
a growth control. The sterile inner surface of eight 9 cm-di-
ameter Petri dishes was inoculated with bacterial suspen-

sion using sterile cotton swabs to ensure uniform coverage.

Of these Petri dishes, three were exposed to Os and 411
nm blue light inside the ozone generator chamber, which
blocked external light and air. One Petri dish was used as
a control and left outside without ozone exposure. The Pe-

tri dish used as the control was maintained at 35 + 2 °C
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under dark conditions. The remaining three Petri dishes
were removed at 8, 16, and 32 minutes, respectively, and
their inoculated surfaces were swabbed with sterile swabs
moistened in sterile physiological saline. These swabs were
then streaked onto the surface of sheep blood agar plates to
ensure full coverage. This procedure was repeated twice.

Figure 2 summarizes the methodology of the experiment.

The inoculated sheep blood agar plates were incubated at
35 £ 2 °C under 5% CO: for 24 hours. The effectiveness of
the procedure on colony counts was evaluated semi-quanti-
tatively by comparing the colony growth on control plates
with those exposed and unexposed to ozone (Figure 3). In
the present study, the elimination of all microorganisms ex-
cept bacterial spores, corresponding to high-level disinfec-

tion, was defined as the criterion for success.

Figure 1. (a) The ozone generator and blue light apparatus placed inside the experimental chamber; (b) Experimental setup

showing the PMMA plates and the Petri dish lid inoculated with bacterial suspension.

0 mg/L (control) 411 nm/s blue light-exposure time
1.335 mg/L 0 min (control)
e : 8 min

5.340 mg/L 16 min

32 min
Ozone concentration k 411 nm/s blue light-exposure time
0 mg/L (control) _ 0 min (control)
1.335 mg/L 108 CFU/mL 8 min
2.670 mg/L 16 min
5.340 mg/L 32min

Figure 2. Summary of the methodology of the experiment.
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Figure 3. Colony counts on sheep blood agar plates (BBL™ Columbia Agar, Becton Dickinson, USA) obtained from Petri dishes
inoculated with 107 CFU/mL (a) and 10° CFU/mL (e) suspensions after 24 hours of incubation at 35 + 2 °C in 5% CO.. Bacterial
suspensions with densities of 10”7 CFU/mL and 10° CFU/mL were exposed to 1.335 mg/L ozone with 8 min of blue light (b and f),

2.670 mg/L ozone with 16 min of blue light (c and g), and 5.340 mg/L ozone with 32 min of blue light (d and h).

RESULTS

In the experiment performed with a bacterial concentration
of 107 CFU/mL, a 98.2% reduction in colony count was
observed under exposure to 1.335 mg/L ozone gas and 8
minutes of 411 nm/s blue light. Complete (100%) reduction
was achieved under conditions of 2.670 mg/L ozone gas
with 16 minutes of blue light exposure, as well as 5.340

mg/L ozone gas with 32 minutes of blue light exposure.

In the experiment conducted with a bacterial concentra-
tion of 108 CFU/mL, colony reduction was 55% follow-
ing exposure to 1.335 mg/L ozone gas and 8 minutes of
blue light. The reduction rate increased to 87% under 2.670
mg/L ozone gas and 16 minutes of blue light, and reached
98.7% under 5.340 mg/L ozone gas and 32 minutes of blue
light.

The experimental results are summarized in Tables 1 and 2.
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Table 1. Mean colony counts in the sample prepared at a concentration of 107 CFU/mL.

Ozone doses Exposure time to 20 W 411 nm/s | Number of colonies on the | Colony reduction rate
(mg/L) blue light (min) plate (%)
0 0 58 0
1.335 8 1 98.2
2.670 16 0 100
5.340 32 0 100
Table 2. Mean colony counts in the sample prepared at a concentration of 10° CFU/mL.
Ozone doses Exposure time to 20 W 411 | Number of colonies on the Colony reduction rate
(mg/L) nm/s blue light (min) plate (%)
0 0 200 0
1.335 8 90 55
2.670 16 26 87
5.340 32 3 98.5
DISCUSSION running cold water for at least 5 minutes and drying with a

Intraocular pressure measurement is an indispensable part
of ophthalmological examination. The Goldmann appla-
nation tonometer, considered the gold standard method,
requires corneal contact during application and thus may
serve as a potential vector for ocular surface infections.
It has been demonstrated that epidemic keratoconjuncti-
vitis (EKC), particularly associated with adenovirus, can
be transmitted via inadequately disinfected tonometer tips
(10). Keratitis, a more severe ocular surface infection with
potential impact on visual prognosis, is most common-
ly caused by bacterial pathogens, especially in eyes with
compromised corneal epithelial integrity (11). The U.S.
Centers for Disease Control and Prevention (CDC) classi-
fies tonometer tips as semicritical devices due to their con-
tact with mucous membranes and therefore recommends
high-level disinfection (12).

Various disinfection methods are employed in clinical
practice for tonometer tips. The manufacturer recommends
immersion in 3% hydrogen peroxide or 10% sodium hypo-

chlorite solution for 10 minutes, followed by rinsing under

sterile single-use cloth. However, in busy clinical settings,
this procedure is often impractical; consequently, alter-
native methods such as soaking in sodium hypochlorite
solution or wiping with hydrogen peroxide are commonly
used. Numerous studies in the literature have evaluated the
efficacy of disinfection methods against different viral and
bacterial pathogens. A recent review including 19 studies
emphasized that no single disinfection method—such as
UV irradiation, hydrogen peroxide, benzalkonium chlo-
ride, glutaraldehyde, ethyl alcohol, or povidone-iodine—

demonstrated clear superiority over others (13).

Ozone gas and blue light have recently attracted increasing
interest as modern disinfection methods. Ozone provides
effective microbial inactivation through its strong oxidative
properties, disrupting pathogen cell walls. For this reason,
it has been utilized in the disinfection of operating rooms,
surgical instruments, and ventilation systems. In contrast,
blue light induces the production of reactive oxygen spe-
cies by exciting intracellular porphyrins, leading to struc-

tural damage in microorganisms. Both methods are advan-
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tageous in that they leave no chemical residues and do not

promote resistance development (14,15).

In our study, the combined use of ozone and 411 nm blue
light demonstrated dose-dependent disinfection efficacy,
even in the presence of high bacterial loads (108 CFU/
mL). The method’s repeatability, cost-effectiveness, and
sustainability further highlight its potential applicability.
However, while the procedure was effective and reliable,
achieving over 90% efficacy at high bacterial concentra-
tions required longer exposure durations. This prolongation
of application time, similar to conventional methods, may
limit its practicality in high-throughput clinical environ-
ments. Additional experimental studies employing higher
ozone concentrations and shorter treatment durations may

be promising for optimizing the application time.

One of the limitations of this study is that only E. coli
ATCC 25922 was used as the test pathogen. Further inves-
tigations involving bacterial and viral pathogens common-
ly associated with ocular surface infections would provide
a more comprehensive evaluation of the method’s efficacy.
The presence of challenges such as the requirement for cell
culture, particularly in studies involving viruses, makes
research on ocular pathogens difficult. Additionally, future
studies incorporating Gram-positive bacteria commonly
found in the ocular surface flora may provide more clini-
cally relevant and translational insights. Another limita-
tion is that although no macroscopic physical changes were
observed, advanced analysis with atomic force microscopy
would be necessary to detect potential microstructural al-
terations on PMMA surfaces. The absence of a real-time
sensor in the experimental setup for measuring ozone con-
centration constituted another limitation of this study, as it
hindered the precise determination of the exact ozone con-
centration as well as the accurate assessment of ozone leak-
age. The lack of comparison with widely used disinfection
methods, such as 70% isopropyl alcohol wipes—which
are reported as the predominant practice among American
Glaucoma Society members—constitutes another limita-
tion of this study (16).

In conclusion, the novel disinfection method described
in present study appears to be effective and cost-efficient
under experimental conditions. However, further exper-
imental and clinical studies involving a broader range of

pathogens are required to validate its efficacy and safety.

Additionally, optimization studies are necessary before this
method can be considered suitable for routine use in clini-

cal practice.
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