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Abstract: To control infectious diseases such as the severe acute respiratory syndrome coronavirus
(Covid-19) that caused the current pandemic, disinfection measures are essential. Among building
measures, disinfection chambers can help to decrease the transmission rate through the sanitizing
capacity of the disinfectant used, which can thereby clean surfaces or humans. Out of existing
biocides, ozone is considered one of the safest for humans, but one of the most powerful oxidizers,
making the substance a better alternative as the biocidal solution in disinfection chambers. Analyses
were carried out by using all patented documents related to disinfection chambers that used ozone
as a disinfectant. A Derwent Innovation Index (DII) database search was undertaken to find these
patents. Patent prospecting resulted in 620 patent documents that were divided into 134 patent
families. There was no technology related to protective barriers for individuals, and the majority
of patents in the retrieved data aimed at sterilizing medical devices and surfaces. Given that the
specific Cooperative Patent Classification (CPC) code for ozone dissolved in liquid was used in
the methodology search, but not included among the 10 most used codes in the patents, the use of
ozonized water may be an innovative approach in the technology landscape of sterilization chambers.

Keywords: aqueous ozone; ozonated water; disinfection chambers; technological prospecting; patents

1. Introduction

Microbial infections caused by human pathogens follow a historical evolution in
which they appear for the first time causing epidemics, undergo adaptations to become
unstable pathogens, periodically reappear, and, in some cases, become endemic with the
potential for future outbreaks [1]. The appearance of new human pathogens is usually
related to the remodeling of relations between humans and microorganisms. Examples
are human activity in geographical areas, the globalization of economic activities and
culture, the spread of urbanization that allows for faster and more accessible contact,
and hyperhygienic life that reduces exposure and creates tolerance to microorganisms [2].
Another example of this relationship is the current global pandemic related to the new
coronavirus (SARS-CoV-2), a virus that displays high mortality rates, and of which the case
fatality rate (CFR) has varied among countries [3]. SARS-CoV-2 (the causative agent of 2019
coronavirus disease (COVID-19)) is the result of viral recombinations that allowed for it to
infect humans from breaking the animal–animal biological barrier to which it was related,
thus characterizing itself as a zoonosis that, due to evidenced genetic relations, indicates
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bats as the primary host [4]. Although most initial cases were associated with the place
where the first patients visited—the seafood market in which the patients may have been
infected by zoonotic or environmental exposure—it is the transmission between humans
that enhances the epidemic characteristic of this infection [5]. This characteristic was and
is being proven by studies indicating that the occurring pandemic is gradually growing
due to the rapid transmission of SARS-CoV-2 among populations [4], generating great
uncertainties for daily life and aggressively affecting the economy in several areas, mainly
the aeronautical industry [6]. In addition, studies indicate that coronaviruses identified
so far may only be the beginning of a series of revelations for newer and more serious
zoonotic events [7].

Due to the current situation, concern about controlling the spread of respiratory
viruses is growing [8]. In fact, contamination through contaminated surfaces and direct
person-to-person contact is characterized as potential sources of dissemination of many
pathogens, not only viral, but also bacterial and fungal [9,10]. Given these facts, it is
extremely important to promote improvements in cleaning, disinfection, and sterilization
processes of environmental surfaces and individuals in order to allow for safe interactions
between humans and microbial pandemics that could arise [11]. Despite the effort and
access to technologies that act for the control of infections, and contrary to expectations,
their risks grow every day, affecting people’s lives. This situation is aggravated by the
increasing number of susceptible people to infections [12]. Therefore, the use of disinfectant
solutions in environmental decontamination may be required in the fight against infections
that, in addition to combating several emergent microorganisms, can help in the control of
multiresistant microorganisms [13].

Surface disinfection was included in several national and international policies and
recommendations to combat environmental infections. In contrast to hand hygiene, which
is normally a daily activity, the opinion that environmental disinfection is important, and
the methodologies and technologies that can support this process recently started to gain
ground [14]. The introduction of protocols for carrying out surface-disinfection processes
against this virus is, therefore, essential, especially in healthcare environments [15] since
exposure to the virus is more pronounced in these places. Previous studies demonstrated
the benefits of using ultraviolet-light devices for disinfecting hospital environments [16],
portable devices with spraying systems for the decontamination of surfaces [17], and
disinfection chambers with different biocidal agents [18,19], which drew attention with the
SARS-CoV-2 pandemic. The development, advertising, and marketing of tunnels or cabins,
or disinfection chambers have spread in several countries, although there is still no scientific
evidence to support them [20]. City halls have installed this kind of system in several
places, such as streets areas with heavy pedestrian traffic, highways, industries, malls, and
offices [20]. It is usually set up at the entrances of, or inside, public transports [21,22]. These
devices make use of substances such as sodium hypochlorite, ozonized water, ozone, or
other biocidal agents [23].

In Brazil, this equipment was developed to meet the demand of institutions interested
in disinfecting employees at workplace entrances and exits. Regarding the regulation of
this equipment, the National Health Surveillance Agency (Anvisa) and other regulatory
agencies clarified that there is no evidence that this measure is effective against the coron-
avirus pandemic [21,23]. The choice of chemical agent to be applied to these technologies
is of paramount importance, and should be based on the recommendations of their manu-
facturers and on reports of agencies that alert and control the use of these substances in
order to avoid safety and toxicity problems [24].

Among the list of sanitizers, one of the most promising biocide agents is ozone gas
(O3(g)). It consists of a natural configuration of three oxygen atoms, and it has a half-life
of about 1 h at room temperature, with subsequent degradation and the spontaneous
formation of oxygen gas [25]. It is naturally produced by sunlight, involving nitrogen
oxides and volatile organic compounds [26], and can also be produced from electricity
generators [27]. O3 has unique biological properties, acting as a powerful oxidizer against
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viruses, bacteria, and protozoa; at recommended levels, it can be used as a microbicide gas
and be dispersed in water [28]. O3 leads to microbiological destruction through metabolic
interferences. However, viral susceptibility might fluctuate in its presence. For example,
for enveloped viruses, such as coronaviruses, O3 effectiveness may be more accentuated
than that on nonenveloped viruses due to the O3 interaction with the envelopes of the lipid
layer [28]. There are few studies that report the action of O3 on SARS-CoV-2 [29]. However,
some authors reported O3 disinfection in the influenza A virus, respiratory syncytial
virus [30], and SARS-CoV-1 [31], which can serve as reasonable substitutes in studies of O3
disinfection against SARS-CoV-2. O3 action is also proving effective against other types of
microorganisms, expanding the possibilities of using this gas as a microbicide agent.

Nonetheless, O3 can be toxic in gaseous form; when dissolved in water, its degree of
toxicity is reduced, and the sanitizing effect is maintained [32–35]. In addition, O3 dissolved
in water (or ozonized water (O3(aq))) already has wide application in the treatment of dental
diseases [36], and its use has been growing in other areas. Therefore, this substance can be
a better alternative as a biocide solution in disinfection chambers. In fact, O3(aq) has several
advantages, being effective in reducing several pathogenic microorganisms, including
not only viruses, but also bacteria and fungi [34,35,37]. In this sense, the use of O3(aq),
associated with disinfection-chamber technology enables a range of uses both in the current
pandemic and in other contexts where infectious diseases may spread.

Several disinfection chambers are being produced and commercialized with the pur-
pose of being used by humans as a protective barrier. However, there are no scientific
data that show evidence in this regard, given that those studies were limited to in vitro
experiments. Limitations are likely related to challenges in human clinical research of
which obstacles include obtaining committee approval, establishing clinical trials, recruit-
ing participants, obtaining consent agreements, systematic reviews, and meta-analysis
studies [38,39]. For this reason, it is extremely important to evaluate the effectiveness of
these structures, so that their use by people is safely conducted, improving the current and
emergency demand of COVID-19, and during future public-health demands in relation to
protection against other infections.

Thus, in order to investigate the current development of technologies based on disin-
fection chambers using O3(g) or O3(aq), this study examines the possibility of applying these
devices, and identifies if there have been any applications for use as a protective barrier
for individuals.

2. Materials and Methods

The study was based on technological prospection in order to collect technical and
qualified information about disinfection chambers using O3(g) or O3(aq). Data were obtained
using the Derwent Innovation Index (DWPI) database, Thomson Innovation©, with license
to use from SENAI CIMATEC University Center on 2 December 2020.

Data were obtained from the use of Cooperative Patent Classification (CPC) codes ac-
cording to the following search strategy: (A61L2202/122) AND (A61L2/183 OR A61L2/202).
Table 1 shows the meaning of each code used in technological prospecting, chosen from
the formulation of a scope table (data not shown); analysis of the results was performed
from the produced combinations.

Table 1. Cooperative Patent Classification (CPC) codes used in technological prospecting.

CPC Code Related To

A61L 2202/122 Chambers for sterilization
A61L2/183 Ozone dissolved in a liquid
A61L2/202 Ozone (gas)

Since patent applications can be written in several languages, classification was used
on the basis of CPC codes in order to obtain a broader research outcome, thereby resulting
in the analysis of the largest number of patents in this area. As a result of technological
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research, a total of 620 individual patents and 134 DWPI families were generated. Some
patents may not appear in the search results because of the secrecy period of 18 months.
GraphPad Prism 8.4 software (San Diego, CA, USA) was used for the construction of the
graphs considering indicators of time analysis (priority year and expiry year), applicants
(main applicants), status of patents, and main CPCs. Results concerning geographical
distribution (main countries or regions, initial protection request locations, main competitor
markets) and main technological areas were directly obtained from the DWPI database.

3. Results and Discussion

The use of patents is an important tool in the analysis of technologies and innovative
activities. In this study, this tool was used to evaluate the technology of interest: chambers
for disinfection or sterilization using O3 or O3(aq). Figure 1 shows the annual distribution
of patent applications related to the described technology, and the first applications were
found in 1999 (Figure 1a). Applications for patent documents were more significant in
2009, reaching a peak of 154 applications, followed by a peak in 2016 with 96 applications.
The evolution of the number of patent applications may be related to the need to promote
improvements in the processes of the cleaning and disinfection of environmental surfaces,
which have been expanding in several areas, such as health, environment, and food [12].
According to the found results, exponential growth was observed between 2008 and 2009,
and between 2014 and 2016 in relation to the number of priority patents related to the
proposed theme.

The increase in patent applications may be related to the frequency of reported
outbreaks of infectious diseases in the last decade. Recent major outbreaks of highly
pathogenic or communicable infectious diseases include plague (Madagascar), diphtheria
(Bangladesh), Ebola (West Africa and Democratic Republic of Congo), monkey pox (Nige-
ria), Zika (South and Central America), Middle East respiratory syndrome (MERS-CoV;
Saudi Arabia and Korea), and Lassa fever (LF; Nigeria). In addition to sudden morbidities
and mortalities, pandemics, and epidemics cause social, political, and economic disor-
ders [40]. However, they promote the search for preventive and strategic methods to
contain the spread of diseases [41].

Documents in these specific years were assessed to identify if they could be related
to possible epidemics occurred in these periods. In 2009, several countries suffered from
the H1N1-related pandemic, at that time still known as swine flu. The global outbreak
was characterized by a variant of swine flu of which the first cases occurred in Mexico
in mid-March 2009 [42]. In addition to this, other situations could be highlighted, such
as outbreaks related to avian influenza in the same year. The second and third years
of the greatest observed deposits, 2015 and 2016, were significant for the infection of
another world-infamous coronavirus, MERS-CoV [43]. Moreover, the epidemic associated
with Zika virus infection greatly impacted mainly South American countries, later being
associated to cases of microcephaly and Guillain–Barré syndrome [44,45].

Despite not presenting the specific focus related to these and other cited emergen-
cies in their scope, the vast majority of the developed technologies in the found patent
documents focused on applications in health. Patent US007563329B2 (2009) refers to
methodology for monitoring the cleaning processes of medical instruments involving a
cleaning chamber [46]. Patent US007582257B2 (2009) refers to improvement in the method
of the sterilization of medical articles in an O3(g) humidification chamber [47]. Patent US
20090011044A1 is a technology based on packaging containing sanitizing agent O3(g) used
in the transport of products that need to be kept free from decontamination [48]. Another
example, patent US009474815B2 (2016), refers to a method of sequential sterilization aimed
at article sterilization based on the action of a conditioning agent and then a sterilizing
agent, hydrogen peroxide, and O3(g), respectively [49].
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Figure 1. Temporal analysis of number of patents. (a) evolution per priority year; (b) estimated year
for patent expiration.

Cleaning and disinfection processes in this area are important since the use of dis-
infectant solutions in environmental and surface decontamination is, in a certain way,
one of the actions required in the fight against infections due to the growing increase in
multiresistant microorganisms to treatments with antimicrobials, associated with high rates
of nosocomial infections [13]. This is because, through diverse surfaces (which include
articles, medical instrumentation, and equipment), contamination by pathogens can also
occur within these environments.

The use of O3 in the development of these technologies to promote decontamina-
tion or sterilization processes can be understood because of its powerful oxidizing action.
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When it decomposes, this gas generates an oxidizing reaction by the release of free rad-
icals (ROS), including generating hydroxyl radical (OH–), which has greater oxidative
potential (2.83 volts) than that of O3; and both act on the inactivation of bacteria, fungi,
viruses, and protozoa [50–52]. O3 is an effective and practical antibacterial agent, useful for
the inactivation of bacteria of medical importance. Studies showed that a single topical
application by nebulization with a low dose of O3(g) completely inhibits the growth of
potentially pathogenic bacterial strains with known resistance to antimicrobial agents,
such as oxacillin-resistant Staphylococcus aureus, vancomycin-resistant Enterococcus faecalis,
broad spectrum beta-lactamase-producing Klebsiella pneumoniae, and carbapenem-resistant
Acinetobacter baumannii [51]. Sharman and Hudson [53] demonstrated that O3(g) at 25 ppm
with a short exposure of 20 min and relative humidity of 90% is a bactericide for bacterial
strains that commonly cause nosocomial infections. The biocide effect of O3, according to
Kowalski et al. [54], is very similar in both gaseous and aqueous forms.

In fungi, studies using O3(g) and ozonized oil were performed with genera Epider-
mophyton, Microsporum, and Trichophyton. Results showed that ozonized oil was more
efficacious than O3(g) is, acting through an oxidative mechanism in cell membranes and
revealing their fungicidal effects causing an increase in the evasion of sugar and electrolytes,
an effect upon hydrolytic enzymes (such as amylase, lipase, and alkaline phosphatase),
and inhibition of sporulation [55].

Regarding viruses, the scientific literature suggested that inactivation by O3 happens
mainly by lipid and protein peroxidation [56–58]. Moreover, O3 can inactivate viruses,
damaging their genetic material, both DNA and RNA [56,59]. The efficacy of O3 against
a variety of simple and complex viruses was demonstrated, including those enveloped
and without envelope of DNA and RNA [56,60,61]. Some viruses were more susceptible
to the inactivation of O3(aq) in short contact time. In about 1 min, 99% of inactivation
occurred [35]. In addition, O3(g) is highly effective in inactivating the SARS virus with a
rate of no less than 99% [56,62].

Table 2 shows examples of studies that evaluated the effectiveness of O3 use against mi-
croorganisms.

Table 2. Applications and effectiveness of antimicrobial activity of O3.

Application Concentration Microorganisms Reference

Virus

O3(g) 1 and 6 ppm SARS-CoV-2 [29]
O3(g) 27.73 ppm SARS-CoV-1 [31]
O3(g) 20–25 ppm MCoV (murine coronavirus) [61]

O3(g) 0.02–0.05 ppm Herpes simplex virus 1 (HSV-1)
Bovine herpes virus 1 (BoHV1) [63]

O3(aq) 3 and 5 ppm Murine norovirus (MNV-1)
Hepatitis A virus (HAV) [64]

O3(aq) 1.44 mg/L Poliovirus Type 1 [65]

Bacteria

O3(aq) 0.4 and 0.8 ppm Escherichia coli [32]

O3(aq) 1.2–3.6 µg/mL
Pseudomonas aeruginosa ATCC 15442

Staphylococcus aureus ATCC 6538
Escherichia coli NCTC 10538

Enterococcus hirae ATCC 1054
[66]

O3(g) 3–3.5 ppm

Streptococcus spp.
Staphylococcus aureus

Staphylococcus epidermidis
Aerococcus viridans
Enterococcus faecalis

Enterococcus faecium
Lactobacillus sp.
Escherichia coli

Pseudomonas aeruginosa

[67]

Fungi

O3(g) 0.5–20 µg/mL
Microsporum canis

Microsporum gypseum
Trichophyton rubrum

Trichophyton interdigitale
[55]

O3(g) 2100 ppm/min Candida albicans [68]
O3(aq) 4 mg/mL Candida albicans [68]
O3(aq) 1.5–3 µg/mL Aspergillus brasiliensis ATCC 16404 [68]
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Figure 1b presents the expiry year of patent applications according to the protection
period of each country. According to the results, documents should expire between 2028
and 2030 according to the legal validity related to invention patents, which usually last
20 years [69]. The largest number of documents with loss of exclusivity are in 2030, which
means that the developed technology will enter the public domain and could be reproduced
by other companies or institutions in the market in which they were valid. After 2038, a
total of 262 documents will expire. These results are in line with the first patent application
in 2009, which may be indicative that most patented technologies consist of invention
patents that have a protection period of 20 years from the deposit date of the patent. The
period of the validity of a patent, whether invention or utility model, may vary according
to industrial property laws of each country. In Brazil, for example, it is possible to obtain a
technology patent letter in both forms: invention patents with validity of 20 years or utility
model patents with validity of 15 years [70].

In many sectors, serious losses in sales and profits for established companies and a
drop in productivity in R&D follow the loss of patent protected exclusivity. However, the
expiry of patent protection promotes participation and competitiveness among manufac-
turers of the product in the market, reduction of prices because of increased competition
and innovation for the development of new products related to the area of disinfection
technologies that use O3(g) or O3(aq) as a decontaminating agent [71].

Analysis of the holders and their legal status (Figure 2) showed that 65% of the found
patent applications are live patents (400), while 21% are in an undetermined state (129).
and 15% are dead (91), totaling the 620 individual documents found in the technological
search (Figure 2a). These results indicate the potential development of technologies based
on the creation of devices that use O3(g) or O3(aq) as a biocide agent for sterilization and
disinfection in several areas. The company TSO3 Inc. has a higher number of current records
(141; Figure 2b), comparatively, almost a monopoly of technologies possibly related to O3
disinfection chambers. These results indicate that this company has 238% more records
than its nearest competitor, Ethicon Inc. Although TSO3 Inc. has some dead records, the
number of living records is much higher. In comparison to the top 10 applicants in this set
of results, TSO3 Inc. has 51% of these applicants. Founded in 1998, TSO3 Inc. covers the sale,
production, maintenance, research, development, and licensing of sterilization processes,
and related consumable supplies and accessories for heat-sensitive medical devices. The
company designs products for sterile processing areas in hospital environments, offering
low-temperature sterilization products for hospitals and outpatient surgical centers [72].
According to information generated by the database used in this search (DWPI) on the
distribution of the number of patent applications by companies, TSO3 Inc. filed several
applications in the last 20 years, varying in number and having presented a peak in 2013,
and always maintained a constant production of patentable technologies, with applications
of at least 10 patents between 2013 and 2019. Some companies have documents with
diversified legal status, i.e., patents alive (pending, granted), dead (expired, revoked,
lapsed), or indeterminate.

The second depositor company is Ethicon Inc., a Johnson and Johnson subsidiary
that develops, manufactures, and markets sutures, bandages, staplers, and other wound-
closure products [73]. This company went from a lower number of patents filed from 2006
to 2009, to 32 patent applications in 2018. The third depositor, Renosem Co. Ltd., is a
supplier of low-temperature plasma sterilizers that aims to ensure infection prevention
and microbial reduction. In addition, it develops several medical devices using high-tech
plasma applications [74]. Renosem’s contribution in patent filings related to technologies
involving O3 occurred mostly between 2007 and 2013. Yuyama Mfg Co. only has dead
patents (9).
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Figure 2. Analysis of number of patent documents. (a) general legal status of the publications found; (b) number of
publications per applicant.

The main countries and regions of deposit of this type of technology are demonstrated
in Figure 3. This result usually highlights the main protection sites of technologies related
to disinfection chambers using O39g) or O3(aq). South Korea and United States have the
largest number of patent applications, with a total of 103 and 91 applications, respectively.

Figure 3. Geographical distribution of patent applications related to O3(g) or O3(aq) disinfection devices or chambers;
European Patent Office (EP), WO (or World Intellectual Property Organization (WIPO)).
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From Korea, patent number KR1863560B1 deals with a sterilization chamber for
medical equipment with support for supplying O3(g) to a reaction chamber; patent number
KR2012093790A can also be used in healthcare, highlighting that both O3(g) and hydrogen
peroxide are used in a mixture for sanitization. Many patent applications by the country are
filed in the United States, which corroborates other outcomes found in this technological
assessment, indicating that the United States is the largest market for the development of
these inventions, and the most active in technological development. Thus, examples include
documents no. US10660980B2 (sanitation system using O3(g) for cleaning, disinfection,
and sterilization of various objects such as medical devices. It comprises an O3-generating
device coupled with a container to receive O3(g) to sanitize objects), US10632220B2 (medical-
device sterilization cabinet as endoscope), and US10632218B2 (method for the continuous
debacterization of solid food products that involves transporting the product through the
entrance of the chamber in continuous motion, so that the product is continuously exposed
to the O3 atmosphere inside the chamber).

Other countries were identified related to these results: China received 60 orders,
Canada 42, and Japan 45 requests for deposits. At least two international organizations
were identified, namely, the European Patent Office (EPO) and World Intellectual Property
Organization (WIPO) with 72 and 39 applications, respectively. Through these organiza-
tions, several international applications can be made through a single application, such
as the WIPO Patent Cooperation Treaty (PCT) [75]. Most of those responsible for the
technologies seek to protect their inventions through international requests via the EPO
and WIPO in order to reduce costs and simplify the process of individual deposits in each
country, simultaneously protecting their technology in several countries [76].

In South America, Brazil stands out with 28 deposits referring to this type of technol-
ogy, and it has its publications focused on the sterilization of medical devices, pharmaceu-
tical products, surgical instruments, and articles in general. The difference and perhaps
the technology that most resembles the proposed use as a barrier for individuals, is in
BR112017015030A2, which deals with a device for hand sanitization, with an O3(aq) outlet
with distribution openings that allow for the spread of water over the palm and back of
the hands.

Table 3 shows some documents found in this prospecting.
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Table 3. Examples of recent documents found in technological prospection.

Title Application Number Assignee or Inventor Deposited Country Related To

Disinfecting articles with O3 US15877036A Éclair Medical Systems Inc. United States

Methods, apparatus, and systems for disinfecting
articles with O3(g). Involves sterilization chamber for
medical articles that are confined and sealed, so as to

not interact with external atmosphere. O3
concentrations are applied until complete material

disinfection or sterilization [77].

Devices for disinfection,
deodorization, and/or sterilization

of objects
US15533653A Microlin LLC United States

Treatment chamber in which an object can be
disinfected, deodorized, and/or sterilized (e.g.,

endoscope components). Includes nebulizer, Fenton
generator, and hydrogen peroxide in presence of

nanoparticle catalyst and UV light, and O3(g) can be
applied as additional treatment agent [78].

O3 Sterilization Device KR201646115A Hu, P.K and Young, L South Korea

O3(g) sterilization device for medical devices
comprising container, control box, sterile room,
discharge tube, connection pipe, air compressor,

and neutralization [79].

Sterile environment maintenance
method of operation chamber,

sterile environment
maintenance device

CN202010309498A Yushinomi Electric Co. China

Method for maintaining sterile environment of
working chambers. Process generates O3 from

wavelength-long violet rays, introducing O3(g) into
the chamber, and breaking down introduced O3 into

oxygen radicals [80].

Method for sterilization of an article
in a sealable sterilization chamber BR12201310297A TSO3 INC. Brazil

Sterilization method and device containing
hydrogen peroxide or O3(g) as sterilizing agent for
sterilization of medical articles or instruments (e.g.,

gastroscopes and colonoscopes) in sealable
sterilization chamber [81].

Apparatus, method and software
product for hand sanitization by

application of ozonated water
BR112017015030A2 SCAN UNIC APS Brazil

Disinfection chamber that comprises ozone water
output of ozone water supply for delivery of O3(aq)

to hands when inserted into the apparatus.
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The prospected documents in this study did not have a specific focus on the control of
emergency infections. However, a great majority of the developed technologies through
chambers or methods of disinfection with the use of O3(g) or O3(aq) are directed to health
applications for processes of pathogen decontamination. These technologies could be
applied for the control of emergency diseases (or at least the method by which they act), for
example, COVID-19. Tunnels, cabs, or disinfecting chambers gained popularity because
they represent an efficient option for surface disinfection since the disinfecting agent is
dispersed by means of a spraying system, and can thus act in large and complex areas
in a short amount of time [19]. Thus, its application was directed to environments with
great circulation of people, such as industries [24], and has gained more attention due
to the potential for microorganism transmission, such as SARS-CoV-2. There are some
companies in the market that already sell cabins, tunnels, and cameras coupled to an O3
generator for the disinfection of people, clothing, or equipment, and some are already
previously installed in public environments (examples are shown in Table 4). Nevertheless,
no information is shown regarding the stability of the obtained product, or technical reports
that guarantee efficacy for a reduction in general microbial load on different surfaces and
over an adequate amount of time after exposure to the biocide agent; therefore, the efficacy
of these structures has not been clarified to date, which generates doubts for supervising
sanitary agencies regarding the real applicability of these products.

Table 4. Companies and institutions that produce cabins, chambers, and disinfection tunnels coupled with O3 generator.

Company/Institution Product Country of Origin Reference

Genial Medical Disinfection Tunnel Anti-COVID-19 China [82]
Broad Group Ltd. BROAD Disinfection Cabin China [83]

myOzone Ozone Mist Disinfectant Tunnel Brazil [84]
Federal Technological University

of Paraná Wet ozone disinfection booth Brazil [85]

Tropical Clean Tropical Clean-Individual
Disinfection System Brazil [86]

Eurobras Ozonized Disinfection Chamber Brazil [87]
B3Zonio Individual Body Disinfection Cabin Brazil [88]

OZ-AIR® O3-based sterilization tunnel India [89]
SafeWay Disinfection cabin United States [90]

In terms of scientific publications, some studies approached the use of disinfection
chambers and tunnels not only via O3(g) or O3(aq). Maurya et al. [22] developed one that is
used for the disinfection of people’s body with the application of a disinfection solution
and far-ultraviolet C. This aims at reducing viral contamination on clothing, skin, and any
other exposed surface. This and other studies are summarized in Table 5.

These findings, together with the number of documents that address O3-based disin-
fection technologies, indicate that the use of disinfection chambers or similar structures to
carry out disinfection processes against pathogens is promising, especially when it comes
to their health application, whether for the disinfection of medical articles or for utensils,
protective equipment, and others. However, regarding use as a protection barrier for
individuals, no considerable number of studies and patent applications were found that
could better substantiate this type of application.

Some countries stand out in relation to the choice of applicants for the request for
initial protection. Figure 4a shows the relevant countries and regions. According to the
generated data in the research base, 4% of the companies seek protection in the four largest
markets: the United States, South Korea, Japan, and Canada. This shows a compromised
investment of the countries and a wider market for these inventions. In general, 10% of the
companies are entering orders in more than four countries. A global archiving strategy can
demonstrate a greater market potential in this space. In the analysis of potential markets
for deposit of this type of technology (Figure 4b), it makes sense that the United States and
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South Korea are the main markets for deposit and search of protection after deposit in the
countries of origin since they are the most promising markets for the development of this
type of technology.

Table 5. Articles that focus on the use of disinfection chambers.

Title Main Findings and/or Conclusions Reference

Development of Autonomous Advanced
Disinfection Tunnel to Tackle
External-Surface Disinfection of
COVID-19 Virus in Public Places

The technology is based on a disinfection tunnel to disinfect
external surfaces of COVID-19 such as clothes and open body
sections in public places such as airports, office complexes, schools,
and malls. It is based on the use of two chambers: the first sprays a
mist of herbal disinfectant solution or sodium hypochlorite
solution, and the second is hot-air and far-ultraviolet C (far-UVC).

[22]

UVC LED Irradiation Effectively
Inactivates Aerosolized Viruses, Bacteria,
and Fungi in a Chamber-Type Air
Disinfection System

Evaluation of air disinfection using a disinfection chamber using a
set of UVC light-emitting diodes (LED) against microorganisms.
Results showed efficacy in viral inactivation, such as MS2
bacteriophage, and against bacteria (e.g., Salmonella enterica serovar
Typhimurium) and fungi (e.g., Aspergillus flavu).

[91]

Construction of Its Evaluation System in
Originally Designed Test-Chamber
System and Sporicidal Activity of
Aerosolized Hypochlorite Solution to
Bacillus subtilis Spores

Disinfection chamber using a 5% sodium hypochlorite
solution-spraying system. Results demonstrated efficacy in the
inactivation of Bacillus subtilis spores in the process of
decontaminating small surface areas.

[19]

Disinfection efficiency of positive
pressure respiratory protective hood
using fumigation sterilization cabinet

Fumigation cabinet based on hydrogen peroxide for the
disinfection of positive pressure respiratory protective hoods
(PPRPH) to allow for the safe reuse of protective equipment.
Results showed effectiveness in the decontamination process
against Geobacillus stearothermophilus. Besides bacterial inactivation
being effective, the physical and chemical properties of the
equipment were maintained.

[92]

Figure 4. Geographical distribution in relation to (a) main countries of initial search for protection of
the prospected technologies, and (b) potential markets for deposit of this type of technology.



Appl. Sci. 2021, 11, 3081 13 of 19

The United States is a powerhouse in the development of solutions in several areas,
including surface disinfection, probably because of the promotion of a competitive scenario
with the participation of multinational companies, which increases the demand for the
development of these technologies [93]. This may be one of the reasons why it is one
of the preferred markets for the protection of technologies developed by other countries.
Given that they are world powers, it is expected that competitors want to protect their
technologies in the United States before it is developed in the country.

In analysis performed by the DWPI database in relation to this result, 45% of the global
requests in these results are granted, which indicates the protection for active patents (alive)
in the relevant markers, and 55% of this set of results are pending as requests. To better
understand the results, countries or organizations with higher percentages point to new or
growing markets, while those with lower order rates may indicate established markets or
areas of low growth. The United States, South Korea, and China are at 18.11%, 12.81%, and
10.16%, respectively, so they are the most promising markets and in greater competition in
relation to the development of disinfection chambers with the use of O3(g) or O3(aq).

In the case of Brazil, which consists in 3.98% of deposits, only one patent application
was from a Brazilian company (Futura Industrial e Comercial LTDA). The document refers
to a utility model of a sterilization and deodorization cabin that uses O3(g). The purpose of
the system is the general sanitization of garments and objects. The remaining percentage
consists of applications made by companies from other countries, mainly by TSO3 Inc.,
Canada. Other examples of depositing countries in Brazil are Denmark, the United States,
and Germany.

In analyzing the main dominant areas to which the prospected technology is directed
(Figure 5), the three main categories were selected (among 20 found) according to the
percentage of development by the main applicants (TSO3 Inc., Québec, QC, Canada). The
technologies were: (a) tissue, scaffold, hydrogel, implant, medical, dressing, collagen; (b)
container, packaging, beverage, shipping, pallet, lid, bag; (c) packaging, bag, container,
wrapping, filling, blister, packing. Technologies (a) and (b) were found in 94% of the patent
documents. High percentages of the technologies of interest demonstrate technological
saturation in this area, while small percentages point to diverse technological representation.
This same year presented itself as the most significant in relation to technological diversity,
with over 63% representation of all found technologies.

Of TSO3 Inc. patent applications, 81% refer to main technology (a). According to
database analysis, this technology presented a peak in 2018 with an average of three
registers per year. Concerning other applicants, all documents (100%) of Renosem Co. Ltd.
and Xenex Disinfection Services LCC are in this technological area, while SoClean Inc.
had the lowest percentage (22%). Analyzing technology (b), only TSO3 Inc. had patent
applications in this area, but only 10% corresponded to this technology. Lastly, in relation
to technology (c), the representativity of TSO3 Inc. loses space to Vanrx Pharmasystems
Inc., with the highest percentage of applications in this area (36%).

In the evaluation of classifications through CPC codes found in the documents (Figure 6),
two of the codes used in the prospection (A61L2/202—ozone (gas); A61L2202/122—chambers
for sterilization) were the most found, displaying a total of 501 and 493 records, respectively.
The third most-used code (A61L2202/14) is specific to means to control sterilization pro-
cesses, data processing, presentation and storage means, being present in 354 records. Code
A61L2202/24 (medical instruments, e.g., endoscopes, catheters, perforators) was the fourth
most-used in 328 records. The presence of these codes demonstrates that the disinfection of
surfaces and instruments is being protected in the great majority of documents. Table 6 shows
the description of the CPC codes in the records.
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Figure 5. Analysis of top technological areas related to patent documents referring to disinfection chambers using O3(g)

or O3(aq). Comparisons between top filing company TSO3 Inc. and other companies were performed for three types of
technologies. (red) Technology (a) highlighting number of patents applications by TSO3 Inc. (161), center of the donut chart.
Percentage values of other companies (also in red) compared to this number shown in the smaller donut charts below. Other
colors are related to other, not shown technologies. Same analysis was applied to technologies (b,c).

Table 6. CPC codes in technological prospecting.

CPC Code Related To

A61L2/202 Ozone (gas)
A61L 2202/122 Chambers for sterilization

A61L 2202/14 Means for controlling sterilization processes, data processing,
presentation and storage means, e.g., sensors, controllers, programs

A61L 2202/24 Medical instruments, e.g., endoscopes, catheters, sharps
A61L 2/24 Apparatus using programmed or automatic operation

A61L 2/208 Hydrogen peroxide
A61L 2/14 Plasma, i.e., ionized gases
A 61L 2/20 Gaseous substances, e.g., vapors

A61L 2202/15 Biocide distribution means, e.g., nozzles, pumps, manifolds, fans,
baffles, sprayers

A61L 2202/13 Biocide decomposition means, e.g., catalysts, sorbent
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Figure 6. Most-used classification codes in area of development of disinfection devices and cameras
with use of O3(g) or O3(aq).

Surprisingly, the other code used in the search strategy (A61L2/183—ozone dissolved
in liquid), was not among the 10 most used codes. Since this code was used in the search
strategy for the documents, however, in the results it was not present among the 10 most
used codes, it may be an indication that the number of applications involving disinfection
chamber technologies using O3(aq) must be low. Furthermore, it may be an indication that
there should be more intense focus by research centers and companies on the development
of sterilization processes using O3(g), since it is a safe, fast, and economical alternative
when compared to other low-temperature sterilization methods for the disinfection and/or
sterilization of medical devices and environments. Thus, the application of O3(aq) becomes
a field of opportunity to be explored regarding the applications of disinfection measures.
In addition, these findings highlight inventiveness and a promising area for inventions
related to the use of this technology as a human protection barrier. Furthermore, the
presence of these codes demonstrates the surface- and instrument-disinfectant character of
the great majority of documents. This highlights the main protected technologies in the set
of documents, showing the distribution of the main codes in this particular portfolio of
patents, and may help to identify thematic areas in which new technologies, such as the
development of disinfection chambers that can be used safely by people, can be developed.

4. Conclusions

Research into new technologies linked to the development of disinfection chambers
using O3(g) or O3(aq) as a decontamination agent is increasingly evolving, mostly driven
by the COVID-19 pandemic. In the 620 documents found in this prospection, none of the
technologies observed had its use directed to the protection of individuals; the majority
was instead directed to the sterilization or decontamination of medical devices and surfaces.
Furthermore, the absence of the specific CPC code for O3 dissolved in liquid indicated
the innovation potential that could be used as a barrier to protect individuals, using O3(aq)
as sanitizer. Nevertheless, inventions based on this type of development must be duly
scientific in order to guarantee the effectiveness of this decontaminating agent against
several pathogens, including SARS-CoV-2, without disregarding safe use.
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