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(57) ABSTRACT

A system for treating and/or preventing a viral, bacterial
and/or fungal infection in the oral cavity and/or along the
respiratory tract, in particular the interior of the nose, throat,
trachea and/or lungs, of a patient by reactive species gen-
erated by plasma as well as a plasma for such use is
disclosed. The system comprises a plasma source generating
reactive species in a gas, the plasma source being configured
to be located outside a body of the patient, and a species
directing member forming at least one duct for guiding at
least a part of the reactive species generated by the plasma
source into the oral cavity and/or the respiratory tract.
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SYSTEM AND PLASMA FOR TREATING
AND/OR PREVENTING A VIRAL,
BACTERIAL AND/OR FUNGAL INFECTION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This Application is a Section 371 National Stage
Application of International Application No. PCT/EP2021/
069062, filed Jul. 8, 2021 and published as WO 2022/
008684 A1l on January, 2022, in English, and further claims
priority to European Application No. 20185085.6 filed Jul.
9, 2020.

FIELD OF INVENTION

[0002] The invention relates to a system for treating and/or
preventing viral, bacterial and/or fungal infection in the oral
cavity and/or along the respiratory tract, in particular in the
interior of the nose, throat, trachea and/or lungs, of a patient
by reactive species generated by plasma. Furthermore, the
invention relates to a method for plasma treatment of a
patient as well as to plasma as obtainable by the system of
the invention.

BACKGROUND OF THE INVENTION

[0003] In 2020, a pandemic caused by a novel coronavi-
rus, SARS-CoV-2, causing a respiratory syndrome (COVID-
19) has become a global challenge of overwhelming impor-
tance. Despite worldwide intensive efforts, the treatment
methods currently available are limited. There is therefore
an urgent need for improved treatment options.

[0004] More generally, viral epidemics or pandemics
occur repeatedly and pose a major threat to human life,
health and economy. Examples for such pandemics or epi-
demics are the Spanish flu during 1918 to 1920, the severe
acute respiratory syndrome (Sars) in 2002 and the Middle
Eastern respiratory syndrome (Mers) in 2012 to 2016. Sars
and Mers were both caused by coronaviruses. Sars had a
death rate of more than 10% and spread to 37 countries in
2002. The Spanish flu is assumed to have been the deadliest
pandemic in history, killing up to 100 million people
between 1918 and 1920.

[0005] In the last two decades there has hardly been a
phase in which no pandemic has occurred for a long time. As
globalization progresses, it is assumed that not much will
change in this development—rather, the problem will grow.
With every new viral epidemic or pandemic, the problem is
that vaccines are not ready quickly enough, so that a rapid
increase in the number of people affected by the disease
cannot be stopped for the time being. A slowdown in growth
can be achieved by appropriate “social distancing”, quaran-
tine and hygiene measures. However, such measurements
only can help to reduce the risk that health care systems
become overloaded by particularly aggressive viruses.
[0006] Thus, there is an ongoing need for new treatment
options of infections.

[0007] WO 2019/238863 Al—incorporate herein by ref-
erence in its entirety—relates to a plasma device for the
treatment of body surfaces, with a hand-held base body on
which a plasma source is arranged, which is arranged to
generate a non-thermal plasma, and with a spacer which is
arranged, in order, in the mounted state, to define a distance
between the plasma source and a body surface to be treated.
The spacer can be detachably connected to the base body
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and/or to the plasma source and the plasma source can be
detachably connected to the base body.

[0008] WO 2017/013211 Al—incorporate herein by ref-
erence in its entirety—relates to an electrode assembly for
generating a non-thermal plasma, comprising a first elec-
trode and a second electrode which are electrically insulated
from each other by means of a dielectric element and which
are arranged at a distance from each other. The first electrode
has a thickness of at least 10 um when seen in the direction
of the distance between the electrodes, and the second
electrode has a thickness of at least 1 um to maximally 5 um
or a thickness of at least 5 um to maximally 30 um when
seen in the direction of the distance between the electrodes.
The dielectric element has a thickness of at least 10 um to
maximally 250 pm.

[0009] US 2018/243528 Al relates to systems and meth-
ods for portable and compact nitric oxide (NO) generation
that can be embedded into other therapeutic devices or used
alone. An ambulatory NO generation system can be com-
prised of a controller and disposable cartridge. The cartridge
can contain filters and scavengers for preparing the gas used
for NO generation and for scrubbing output gases prior to
patient inhalation. The system can utilize an oxygen con-
centrator to increase nitric oxide production and compliment
oxygen generator activity as an independent device. The
system can also include a high voltage electrode assembly
that is easily assembled and installed. Various nitric oxide
delivery methods are provided, including the use of a nasal
cannula.

[0010] US 2015/101604 A1 relates to a nitric oxide inhaler
that uses an electrical spark to produce nitric oxide from air.
Further a system to control such inhalers is described.
[0011] US 2018/206321 Al relates to an electrode assem-
bly for generating a non-thermal plasma, comprising a first
electrode and a second electrode which are electrically
insulated from each other by means of a dielectric element
and which are arranged at a distance from each other. The
first electrode has a thickness of at least 10 um when seen in
the direction of the distance between the electrodes, and the
second electrode has a thickness of at least 1 um to maxi-
mally 5 um or a thickness of at least 5 pm to maximally 30
um when seen in the direction of the distance between the
electrodes. The dielectric element has a thickness of at least
10 pm to maximally 250 pm.

[0012] The article “Gas Plasma Technology—An Asset to
Healthcare During Viral Pandemics Such as the COVID-19
Crisis?” by Sander Bekeschus et al. (IEEE TRANSAC-
TIONS ON RADIATION AND PLASMA MEDICAL SCI-
ENCES, Vol. 4, No. 4, July 2020) is a perspective article
summarizing the chances and opportunities of gas plasma
technology for supporting healthcare during viral pandem-
ics.

SUMMARY

[0013] According to a first aspect, the application dis-
closes a system for treating and/or preventing a viral,
bacterial and/or fungal infection in the oral cavity and/or
along the respiratory tract, in particular the interior of the
nose, throat, trachea and/or lungs, of a patient by reactive
species generated by plasma. The system comprises a
plasma source and a species directing member. The plasma
source is configured to be located outside a body of the
patient. The plasma source generates reactive species in a
gas. The species directing member forms at least one duct
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for guiding at least a part of the reactive species generated
by the plasma source into the oral cavity and/or the respi-
ratory tract.

[0014] The system allows, for example, for the treatment
of viral infections affecting the oral cavity and/or the respi-
ratory tract, such as coronavirus (Sars-CoV-1, Mers, Sars-
CoV-2), influenza, or adenovirus.

[0015] The reactive species generated by the plasma have
the potential to inactivate viruses, bacteria and/or fungi.
Thus, at least a part of the reactive species generated by the
plasma source can be guided by the species directing mem-
ber into the oral cavity and/or the respiratory tract of a
patient having an infection where they can function to
inactivate the viruses, bacteria and/or fungi. A patient having
an infection can thus be treated by the system in order to
inactivate the respective virus, bacteria and/or fungi.
[0016] The duct may comprise a first end through which at
least part of the reactive species generated by the plasma
source enter the duct and a second, open end through which
at least part of said reactive species are released. Preferably,
the first end is configured to be located outside the patient’s
body and/or the second end is configured to be located in the
oral cavity and/or in the respiratory tract. For example, the
second end can be configured to be located in the nose
and/or in the oral cavity, such as between 1 mm and 30 mm
in the nasal cavity and/or between 1 mm and 10 cm in the
oral cavity.

[0017] The duct may be at least partly formed by an
elongate tubular member. The tubular member may be
flexible or rigid. The tubular member may have an arcuate
shape. For example, the tubular member may be a Guedel
Tubus.

[0018] The tubular member may have a length of at least
1 cm, at least 2 cm, at least 3 cm, at least 5 cm, at least 10
cm, or at least 30 cm. The tubular member may have a length
of less than 30 cm or less than 10 cm. Such tubular members
have shown to be particularly effective for delivering the
reactive species to the location to be treated. Such lengths
may be particularly useful, for example, when the plasma
source is mounted on a hand held device or component. The
plasma source of the present invention could be provided in
a hand held device as described by applicants in WO
2019/238863 A1, which is incorporated herein by reference
in its entirety.

[0019] The length of the tubular member, however, may
also be between 10 cm and 500 cm, between 10 cm and 400
cm, or between 20 cm and 200 cm. It has surprisingly been
found by the inventors that even if the tubular member is
quite long, e.g. more than 50 cm or more than 100 cm, at
least a part of the reactive species can be effectively guided
from the plasma source where they are generated to the end
of the tubular member wherefrom they are released, e.g. into
the oral cavity or the respiratory tract, and can still provide
for an effective treatment. Without wanting to be bound by
theory, it is assumed that such lengths may be particularly
helpful when treating more distal regions of the respiratory
tract, such as regions below the trachea (e.g. for treating the
lungs and/or the bronchi).

[0020] Depending on the region to which the species are
being delivered, the tubular member may have an inner
diameter of at least 0.2 cm, at least 0.5 cm, at least 1 cm, at
least 1.5 cm, or at least 2 cm. This may be the diameter at
the second, open end of the tubular member. Without
wanting to be bound by theory, it is assumed that the reactive
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species may still be delivered with such diameters to provide
for an effective treatment. If necessary, a gas flow through
the tubular member may be caused to enhance transport of
the species through the tubular member, as explained in
more detail below.

[0021] The tubular member preferably has a diameter of
less than 3 cm, less than 2 cm or less than 1.5 cm, for
example at the second end. Such diameters may be appro-
priate for introducing the tubular member into the nose
and/or into the mouth of the patient.

[0022] The tubular member may be made from a poly-
meric material. Preferably the material comprises silicone
and/or polyvinyl chloride. More preferably the tubular mem-
ber may consist of silicone and/or polyvinyl chloride.
[0023] The plasma source preferably is configured to
generate a non-thermal plasma and/or a cold atmospheric
plasma. Such a plasma is particularly suited for generating
reactive species having the potential of inactivating viruses,
bacteria and/or fungi. Moreover, depending on the Cold
Plasma design, it is possible to reduce the risk of creating
reactive species that could be harmful to the patient.
[0024] The plasma source may comprise a first electrode,
a second electrode and a dielectric member, wherein at least
a part of the dielectric member is disposed between the first
electrode and the second electrode. The plasma source may
be configured, for example, as described in WO 2017/
013211 Al or WO 2019/238863 A1, which are incorporated
by reference herein in their entirety.

[0025] The second electrode may be structured such that it
comprises a plurality of edges configured to cause surface
micro discharges upon application of an electrical voltage to
the electrodes, particularly in the form of an alternating
voltage. The edges may be formed via protruding structural
elements and/or via recessed portions of the electrode and/or
via one or more openings provided in the electrode. Such
configuration may provide for a more effective and/or uni-
form plasma generation at the second electrode.

[0026] The second electrode may thus be a structured
electrode, in particular a structured ground electrode.
[0027] Such structured electrode may comprise one or
more segments that may be straight, curved and/or spirally
shaped.

[0028] For example, the electrode may comprise a first
segment forming a base from which a plurality of second
segments which are electrically coupled to the base extend.
Said second segments could also be referred to as branches
while the first segment could be referred to as a base. The
second segments may extend with or without contacting
each other. For example, the second segments could be
parallel, such as parallel straight lines or parallel serpentines
(e.g., sinuous shaped). The first segment may be straight.
The electrode could also be referred to as a comb shaped
electrode in the context of the present disclosure.

[0029] Alternatively, the second electrode could be pro-
vided with a plurality of straight or curved segments that
cross and/or overlap each other at a plurality of points (with
or without being electrically contacted at the crossing
points). Such structure may be referred to as a mesh shaped
electrode in the context of the present disclosure.

[0030] Alternatively, the second electrode may have or
comprise a spiral structure, for example in the form of a
circular spiral or an angular spiral, or a meandering struc-
ture.
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[0031] If the second electrode has one or more first and/or
second segments, for example if it is formed as a comb,
mesh or spiral, the segments preferably have a width of at
least 50 um to at most 200 um. Without wanting to be bound
by theory, it is believed that such width is favorable for
providing a compact electrode design that achieves a suffi-
cient number of surface discharges. The width preferably is
measured in a plane in which the electrode extends. The
width preferably is perpendicular to the electrode’s thick-
ness.

[0032] The first and second segments could be integrally
formed.

[0033] The spiral, mesh or comb may be essentially pla-
nar.

[0034] The second electrode may be made by a printing
process.

[0035] The second electrode may be embedded in the

dielectric member. Such embedding, in particular in con-
nection with the above-mentioned printing process and/or
the above-mentioned electrode shapes, is believed to allow
an efficient and cost-effective fabrication of the second
electrode in a compact manner.

[0036] Preferably, the first electrode may have an essen-
tially planar shape. In particular, the first electrode may be
a laminar shaped high-voltage electrode. In other words, the
first electrode may be provided as an essentially continuous
sheet of conductive material, in particular a planar sheet.
This allows for a cost effective manufacture. However, also
a structured electrode may be used as the first electrode, if
desired.

[0037] When the first electrode and the second electrode
are essentially planar, the first electrode may extend in a first
plane and the second electrode may extend in a second plane
that is essentially parallel to said first plane.

[0038] The first electrode and/or the second electrode may
be exposed to gas, in particular to gas in the species directing
member and/or in a chamber (see below). Preferably, only
the second electrode is exposed to the gas in the species
directing member and/or in the chamber. The plasma gen-
erating the reactive species preferably occurs at the exposed
electrode, in particular at the second electrode.

[0039] The system may further comprise an energy source
for energizing the plasma source and a control unit config-
ured to control a power supply from the energy source to the
plasma source. The energy source may comprise a battery
(e.g. arechargeable battery) and/or an external power supply
(e.g. for connecting the device to the grid).

[0040] The control unit may be configured to apply an
alternating current and/or an alternating voltage to the first
electrode and/or the second electrode. The alternating volt-
age may have an amplitude of at least 0.5 kVpp. The
alternating voltage may have an amplitude of 3 kVpp or less.
For example, the alternating voltage may have an amplitude
between 0.5 kVpp and 3 kVpp.

[0041] Alternatively or additionally, the alternating volt-
age may have a frequency of at least 2 kHz. The alternating
voltage may have a frequency of less than 90 kHz. For
example, the alternating voltage may have a frequency of
between 2 kHz and 90 kHz.

[0042] In particular, the control unit may be configured to
apply an alternating current and/or an alternating voltage to
the first electrode while the second electrode may be a
ground electrode.
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[0043] Preferably, the control unit is configured to adjust
the voltage applied to the first electrode. Adjustment of the
voltage allows for an adjustment of the reactive species
generated by the plasma. For example, adjustment of the
voltage allows to influence the oxygen chemistry and/or the
nitrogen chemistry of the plasma. In particular, such voltage
adjustments may be used to influence the amount of oxygen
and/or nitrogen species in the plasma, such as the amount of
0O, N,O, N,Os, HNO,, HNO,, and H,0,, see Y. Sakiyama
etal., J. Phys. D: Appl. Phys. 45 (2012). Without wanting to
be bound by theory, it is believed by the present inventors
that certain viruses may be more susceptible to deactivation
in the presence of certain reactive species. For example, it is
believed that Sars-CoV-2 (and, likely, other coronaviruses)
are more susceptible to deactivation in the presence of
nitrogen species. The effectiveness of the device for inacti-
vating certain viruses can thus be increased by adjusting the
plasma composition. For the treatment of coronavirus,
including Sars-CoV-2, it is currently envisaged to adjust the
plasma composition such that a density of at least 1 ppm or
at least 2 ppm are achieved for one or more of the following
reactive species: HNO,, HNO;, and/or H,O,.

[0044] The plasma source may form a duct through which
the gas flows, wherein a first electrode of the plasma source
at least partially surrounds said duct. The first electrode may
form part of the duct or even constitute the duct. As such, the
first electrode may be substantially cylindrical. A second
electrode of the plasma source may be at least partially or
completely arranged in the duct, for example, along a main
axis of the duct. The second electrode may be a structured
electrode. For example, the first electrode may be formed as
a structured electrode having a generally cylindrical shape.
The second electrode may comprise apertures and/or pro-
truding portions. The second electrode may be flexible. Such
configuration allows to provide the plasma source in a space
and cost efficient manner, with low maintenance costs, e.g.
as part of a duct through which a flow of gas is provided to
the patient.

[0045] The system may further comprise a chamber in
which the reactive species are created and from which the
reactive species are directed to the patient. Such chamber
may be disposed between the plasma source and the species
directing member. The chamber preferably comprises a
chamber outlet opening that is fluidly connected to the first
end of the species directing member. A cross section of the
chamber may be larger than a cross section of the chamber
outlet opening and/or a cross section of the species directing
member along a longitudinal axis thereof.

[0046] The plasma source may form a surface region
delimiting at least part of the chamber, so that the reactive
species generated by the plasma source are released into the
chamber. At least a portion of the surface region may be
substantially planar. When the plasma source itself forms a
duct or chamber, at least a portion of the surface region may
be a tubular segment or circumferential.

[0047] The first electrode and/or the second electrode may
be exposed to gas in the chamber. Only the first electrode or
only the second electrode may be exposed to gas in the
chamber, preferably only the second electrode.

[0048] The chamber outlet opening may be opposite the
surface region formed by the plasma source with respect to
the interior of the chamber. The duct of the species directing
member may extend from the chamber in a direction sub-
stantially perpendicular, oblique or parallel to the surface
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region. The duct of the species directing member may
extend from the chamber in a direction substantially per-
pendicular, oblique or parallel to the substantially planar
portion of the surface region.

[0049] The chamber may have a volume of at least 3 cm®,
at least 5 cm®, or at least 10 cm®. The chamber may have a
volume of 100 cm? or less, 50 cm? or less, or 30 cm? or less.
Such dimensions have been shown to provide for sufficient
volume for generating the required reactive species while
still ensuring a compact design of the device (e.g., as a hand
held device).

[0050] The chamber may be formed in a chamber member.
The chamber formed in the chamber member may have at
least one open side surface. This open side surface may at
least partially be closed by the plasma source when the
chamber member and the plasma source are attached to each
other.

[0051] The chamber member may be detachable from the
plasma source and/or removably connectable to the plasma
source. The chamber member may be manually detachable
and/or manually connectable to the plasma source. The
chamber member may be detachable from the plasma source
and/or removably connectable to the plasma source via a
snap-fit and/or a friction-fit connection.

[0052] The species directing member may be integrally
formed with the chamber member. Alternatively, the struc-
ture forming the chamber could be permanently or releas-
ably coupled to the species directing member.

[0053] The chamber member and/or the species directing
member may comprise a radio-frequency identification tag.
Such tag may help to ensure that a particular chamber
member and/or a particular species directing member is only
used once, or is only used repeatedly with a particular
patient.

[0054] The chamber member may comprise a gas inlet
allowing a gas flow into the chamber. The gas flowing into
the chamber may be ambient air. However, the gas flowing
into the chamber may also be provided with a predetermined
composition (i.e. distinct from ambient air) from a gas
source. Using such gas with a predetermined composition
instead of ambient air allows to influence the generated
reactive species, for example whether more reactive oxygen
species or more reactive nitrogen species are generated.
[0055] The system may further comprise a gas flow gen-
erator configured to generate a gas flow through the species
directing member and/or a gas flow into the chamber. Such
gas flow generator may be a fan, a source of pressurized gas
and/or a medical ventilator.

[0056] The gas flow generator (in particular when config-
ured as a fan) may be positioned at least partially within the
chamber or adjacent to the chamber. Alternatively or addi-
tionally, the gas flow generator (in particular when config-
ured as a fan) may be positioned in the species directing
member. For example, the gas flow generator may be
positioned at the chamber outlet opening and/or at the first
end of the species directing member.

[0057] Alternatively, the gas flow generator may be posi-
tioned outside the chamber, for example when configured as
a fan, a pressurized gas source or a medical ventilator. In
particular, such gas flow generator may be positioned
upstream of the chamber.

[0058] In either case, the gas inlet may be configured to
direct the gas flow into the chamber in a direction towards
the plasma source. In particular, the gas inlet may be
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configured to direct the gas flow into the chamber in a
direction towards the surface region formed by the plasma
source. For example, the gas inlet may be configured to
direct at least part or most of the gas flow into the chamber
in a direction substantially perpendicular, oblique or parallel
to the substantially planar portion of the surface region
formed by the plasma source.

[0059] The gas inlet may be located along a wall of the
chamber that is opposite the surface region formed by the
plasma source with respect to the interior of the chamber.
Alternatively or additionally, a gas inlet could be located
along a lateral wall of the chamber, e.g., a lateral wall that
is substantially perpendicular or oblique to the surface
region formed by the plasma source.

[0060] The gas inlet may be located adjacent the chamber
outlet opening.
[0061] The system may further comprise a gas source, in

particular a source of pressurized gas. Said source of pres-
surized gas may be used to provide gas having a predeter-
mined composition. In addition, such source may be used to
force the gas to flow through the system.

[0062] The pressure of the pressurized gas may be at least
200 kPa. The pressure of the pressurized gas may be 1000
kPa or less. Without wanting to be bound by theory, such
pressures have been found to provide an adequate flow of
gas through the system. As the skilled person will appreci-
ate, the pressure may have to be adapted in view of, e.g., the
cross section of the gas inlet, the chamber, the gas outlet,
and/or the duct.

[0063] The pressurized gas may be air or O,, or a mixture
of O, and N, or a mixture with a noble gas (e.g., Ar or He).
Such mixture may be, for example, a mixture of O,, N, and
a noble gas. The noble gas may be, for example, Ar and/or
He.

[0064] The gas in the gas source may comprise at least
40% wt of oxygen, at least 50% wt of oxygen, at least 70%
wt of oxygen, or at least 90% wt of oxygen. Oxygen is
routinely supplied to patients suffering from certain respi-
ratory disorders (e.g., Sars-CoV-2). When using such com-
position, the gas which is anyways supplied to the patient
could be enriched with reactive species, for example in
certain intervals.

[0065] Alternatively, the gas in the gas source may com-
prise at least 80% wt of nitrogen, at least 85% wt of nitrogen,
at least 90% wt of nitrogen, or at least 95% wt of nitrogen.
By using such gas compositions, the amount of reactive
species containing nitrogen may be increased. As indicated
above, it is believed that certain viruses, bacteria or fungi
may be more easily inactivated by reactive species contain-
ing nitrogen.

[0066] When using a noble gas, the gas mixture may
contain at least 80% or at least 90% of said noble gas (e.g.,
Ar or He). In particular, a medical grade argon gas mixture
could be used. Such noble gas could be mixed with O,
and/or N, in the system (e.g., from ambient air). The
presence of a noble gas makes it easier to generate plasma.
[0067] The system may further comprise a connection
tube conducting the gas from the gas source to the plasma
source. The connection tube may conduct the gas from the
gas source into the chamber through the gas inlet.

[0068] The system may further include a flow regulator.
The flow regulator may be configured to provide for a gas
volume flow from the gas source of at least 0.1 standard liter
per minute or at least 0.3 standard liter per minute. Alter-
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natively or additionally, the flow regulator may be config-
ured to provide for a gas volume flow from the gas source
of 1.0 standard liter per minute or less, or 0.8 standard liter
per minute or less.

[0069] The system may be configured for at least partially
inactivating one or more pathogens in air exhaled by the
patient. For this purpose, the exhaled air may be led to a
further plasma source of the system in order to at least
partially inactivate one or more pathogens in the exhaled air.
Alternatively or additionally, the system may further com-
prise a filter for filtering one or more pathogens from the
exhaled air. The filter may absorb or adsorb at least part of
the reactive species within the exhaled air. Such filter may
be an air filter provided by a fibrous or porous material.
When both, a further plasma source and an air filter are
provided, the further plasma source may be located upstream
of'the filter. In this manner, reactive species generated by the
further plasma source may inactivate pathogens caught in
the filter.

[0070] The system may further comprise an exhalation
tube for receiving exhaled air from the patient. The exha-
lation may be fluidly connected to the further plasma source
and/or to the filter.

[0071] The system may be a hand-held device. In particu-
lar, the plasma source and a user interface (e.g., a button or
a display) for controlling said plasma source may be pro-
vided as part of the hand-held device, which may comprise
a battery. The chamber member and/or the species directing
member could then be releasably attachable to said hand-
held device. With such configuration, a single hand-held
device could be used for treating multiple patients. The
chamber member and/or the species directing member could
then be replaced when switching from one patient to another.
[0072] The system may further comprise a mechanical
ventilator, wherein the species directing member is at least
partially formed by a ventilation tube for intubating the
patient. Such mechanical ventilator may be a positive pres-
sure ventilator. When using such mechanical ventilator, the
plasma source may be located inside a housing of the
mechanical ventilator or it may be provided as a separate
component that is removably attachable to said ventilator.
[0073] The mechanical ventilator may comprise a bladder,
wherein the reactive species generated by the plasma source
are conducted into the bladder. In this case, the reactive
species in the bladder will be supplied to the patient with the
gas in the bladder when the bladder is compressed.

[0074] Alternatively or additionally, the reactive species
may be mixed with gas supplied by the mechanical venti-
lator after the gas is pressurized by the ventilator (e.g., after
the gas is ejected from the bladder). For example, the
reactive species could be sucked into a flow of pressurized
gas provided by the ventilator by means of the venturi effect.
For example, the plasma source may be located outside a
housing of the mechanical ventilator. The plasma source
may then be connected to the ventilation tube via a Y
connector.

[0075] The system may further comprise an expandable
cuff configured to restrict airflow through the respiratory
tract. The cuff may be configured to be expanded at a
position distal from the second end of the species directing
member. When desired, or required in view of the reactive
species generated, such expandable cuff may be used to
prevent the reactive species from reaching more distal
portions of the respiratory tract (e.g., the lungs and/or the
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bronchi) and/or more distal portions of the digestive tract
(such as the stomach). In this manner, the treatment can be
restricted, for example, to the interior of the nose and/or the
oral cavity.

[0076] The described system is particularly suited for
treating and/or preventing a viral, bacterial and/or fungal
infection of a patient in the oral cavity and/or respiratory
tract, in particular the interior of the nose, throat, trachea
and/or lungs.

[0077] The species directing member does not necessarily
have to be configured to be inserted into the oral cavity
and/or the nose of the patient. For example, the species
directing member could be formed as a mask (e.g., a nasal
mask, a mouth mask or a full-face mask).

[0078] As shown in the examples, it was observed that
plasma, preferably the plasma as obtainable by the herein
described system, is suited to treat a viral, bacterial and/or
fungal infection. In the context of the present invention, the
viral, bacterial and/or fungal infection is localized in the oral
cavity and/or along the respiratory tract, in particular the
interior of the nose, throat, trachea and/or lungs of the
patient to be treated. Accordingly, the present invention
relates to the use of the herein described system for plasma
treatment of a viral, bacterial and/or fungal infection in the
oral cavity and/or along the respiratory tract, in particular the
interior of the nose, throat, trachea and/or lungs.

[0079] Further, the present invention relates to a method
for plasma treatment of a viral/bacterial and/or fungal infec-
tion in a patient, wherein the method comprises the step of
introducing the species directing member of the system
described herein into the respiratory tract, in particular into
the interior of the nose, the throat, trachea and/or lungs,
and/or into the oral cavity.

[0080] In the context of the present invention, the infec-
tion(s) to be treated with the reactive oxygen species gen-
erated by plasma, preferably by plasma as obtainable by the
herein described system, is (are) (a) viral, bacterial and/or
fungal infection(s).

[0081] In the context of the present invention the viral
infection to be treated is in particular a viral infectious
disease selected from the group consisting of infections by
coronaviruses, preferably severe acute respiratory syndrome
coronavirus (SARS-CoV), SARS-CoV-2, Middle East respi-
ratory syndrome coronavirus (MERS-CoV), influenza
viruses, parainfluenza viruses, respiratory syncytial viruses
(RSV), rhinoviruses, adenoviruses, noroviruses, enterovi-
ruses, human metapneumoviruses, herpesviruses, preferably
HSV-1, HSV-2, VZV, EBV, HCMV, HHV-6, HHV-7, HHV-
8. Plasma for use in the treatment of a viral infectious
disease caused by coronaviruses has not be reported. As
shown in FIG. 10, the it was observed herein for the first
time that plasma reduces the coronavirus infection. Accord-
ingly, the present invention relates to plasma, preferably
plasma as obtainable by the herein described system, for use
in the treatment of a viral infectious disease mediated by
coronaviruses, preferably SARS-CoV, SARS-CoV-2, or
MERS-CoV.

[0082] Further, the bacterial infection to be treated in the
context of the present invention is an infectious disease
caused by bacterial infections mediated by gram positive or
gram negative pathogens. It has been demonstrated that
plasma can be used to reduce the growth of gram positive
bacteria, such as Staphylococcus aureus, Staphylococcus
capitis, Methicillin-resistant Staphylococcus aureus, Deino-
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coccus radiodurans, Staphylococcus epidermidis, and
Enterococcus faecalis; see, e.g., Zimmermann et al., New
Journal of Physics 14 (2012), 073037. Further, the usability
of plasma for the reduction of gram negative bacteria, such
as Escherichia coli K12, Escherichia coli, Escherichia coli
O157:H7 and Pseudomonas aeruginosa has been reported;
see, e.g., Maisch et al., Journal of Industrial Microbiology &
Biotechnology 39, 9 (2012), 1367-75; Klampfl et al.,
Applied Environ Microbiology 78, 15 (2012), 5077-5082;
Maisch et al., PLoS One 7, 4 (2012), 34610; and Morfill et
al., New Journal of Physics 11 (2009), 115019 10 pp.
Specifically, as shown in the examples, plasma, preferably
the plasma as obtainable by the herein described system, can
effectively reduce bacterial loads in an upper respiratory
tract model (FIGS. 14 and 19).

[0083] Inthe context of the present invention, the bacterial
infection to be treated is in particular a bacterial infectious
disease selected from the group consisting of infections by
Staphylococcus cohnii (S. cohnii), Escherichia coli (E. coli)
and Enterococcus mundtii (E. mundtii).

[0084] Further, the fungal infection to be treated in the
context of the present invention is an infectious disease
caused by fungi, or parasites.

[0085] The present summary is provided only by way of
example and not limitation. Other aspects of the present
invention will be appreciated in view of the entirety of the
present disclosure, including the entire text, claims, and
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0086] The subject-matter of the application will be
explained in more detail with reference to preferred exem-
plary examples which are illustrated in the attached drawing,
in which

[0087] FIG. 1 is a schematic perspective view of a system
according to a first example.

[0088] FIG. 2 is a schematic cross-sectional view of the
system.
[0089] FIG. 3 is a schematic cross-sectional view of a

system according to a second example.

[0090] FIG. 4 is a schematic perspective view of a system
according to a third example.

[0091] FIG. 5 is a schematic view of a variation of the
system illustrated in FIG. 4.

[0092] FIGS. 6a and 6b are schematic views of further
examples.
[0093] FIG. 7 is a schematic view of a further example,

comprising a bladder.
[0094] FIGS. 8a and 856 illustrate alternative configura-
tions of the plasma source of the system.

[0095] FIGS. 9a to 9g illustrate several examples of elec-
trodes.
[0096] FIG. 10 reports the coronavirus reduction after

plasma treatment. The following experiments were con-
ducted: (A) Controls: virus without plasma treatment (no
plasma); (B) mock transfection with plasma treated medium
(20 pL or 3 uL; in case the CAP secretes cytotoxic com-
pounds into the medium); (C) The coronavirus HCoV-229E
was genetically modified to encode renilla luciferase (229E-
Rluc). The virus was suspended in DMEM+5% FCS.
Caco-2 cells were infected with the treated virus samples.
After 48 hours incubation, the cells were lysed and the
luciferase activity in the supernatant was determined.
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[0097] FIG. 11 is a side view of a modelled upper respi-
ratory system with indications of various volumina.

[0098] FIG. 12 illustrates a cross section of the rima
glottidis in an upper respiratory tract (URT) model.

[0099] FIG. 13 illustrates an experimental set-up of micro-
biological experiments.

[0100] FIG. 14 illustrates results of reduction of bacteria
for three selected bacterial strains. Each bar represents the
median of nine experiments on three different days. The
error bar shows the 25%- and the 75%-quartile. The hori-
zontal line at ordinate value 4 represents the lower detection
limit, and the horizontal line at ordinate value 6 the upper
detection limit.

[0101] FIGS. 15-19 show diagrams indicating results of
ozone measurements and bacteria reductions.

[0102] While the above-identified figures set forth one or
more embodiments of the present invention, other embodi-
ments are also contemplated, as noted in the discussion. In
all cases, this disclosure presents the invention by way of
representation and not limitation. It should be understood
that numerous other modifications and embodiments can be
devised by those skilled in the art, which fall within the
scope and spirit of the principles of the invention. The
figures may not be drawn to scale, and applications and
embodiments of the present invention may include features,
steps, and/or components not specifically shown in the
drawings.

DETAILED DESCRIPTION OF EXAMPLES

[0103] Examples according to the present application will
be described with reference to the drawings in which iden-
tical or similar reference signs designate identical or similar
elements. The features of the examples may be combined
with each other, unless specifically noted otherwise.
[0104] FIG. 1 shows a schematic view of a system 2
according to a first example. The system is configured for
treating and/or preventing a viral, bacterial and/or fungal
infection in the oral cavity and/or along the respiratory tract
of a patient by reactive species generated by plasma. The
system 2 comprises a plasma source 4 generating reactive
species in a gas. The plasma source 4 is configured to be
located outside the body of the patient.

[0105] The system further comprises a species directing
member 6 forming at least one duct for guiding at least a part
of the reactive species generated by the plasma source 4 into
the oral cavity and/or the respiratory tract of the patient.
[0106] The duct comprises a first end 61 through which at
least part of the reactive species generated by the plasma
source 4 enter the duct and a second, open end 10 through
which at least part of said reactive species are released. The
first end 61 of the duct is configured to be located outside the
patient’s body. The second end 10 of the duct is configured
to be located or to be arranged in the oral cavity and/or in the
respiratory tract of the patient.

[0107] The duct is preferably at least partly formed by an
elongate tubular member 8. The tubular member 8 may be
flexible or rigid.

[0108] As illustrated in FIG. 2, the tubular member 8 may
have a length 1 and/or an inner diameter d such that the
tubular member 8 is suited to be inserted with its second end
10 into the oral cavity and/or a nasal cavity as part of the
respiratory tract of the patient. For example, the length of the
tubular member 8 may be between 0.5 cm and 10 cm. The
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tubular member 8 preferably has an inner diameter d of at
least 0.2 cm, more preferably at least 0.5 cm.

[0109] The tubular member 8 is preferably made from a
polymeric material, for example from a polymeric material
comprising silicone and/or polyvinyl chloride. More pref-
erably, the tubular member 8 consists of silicone and/or
polyvinyl chloride.

[0110] The plasma source 4 is configured to generate a
non-thermal plasma and/or a cold atmospheric plasma and
comprises—as schematically illustrated in FIG. 2—a first
electrode 12, a second electrode 14 and a dielectric member
16, wherein at least a part of the dielectric member 16 is
disposed between the first electrode 12 and the second
electrode 14.

[0111] The first electrode 12 is preferably a laminar shaped
high-voltage electrode and the second electrode 14 is pref-
erably a structured ground electrode. Preferably, the struc-
ture of the second electrode 14 is configured such that the
second electrode 14 is suited to generate surface micro
discharges for generating the plasma when a voltage is
applied to the first electrode 12 and/or the second electrode
14, here preferably to the first electrode 12. The second
electrode 14 may be embedded in the dielectric member 16.

[0112] FIGS. 9a to 9g illustrate examples of a electrodes.
FIGS. 94 to 9f'show plan views showing a first electrode—
here indicated by reference sign 7—and a second, structured
electrode—here indicated by reference sign 9. The elec-
trodes 7, 9 are separated from each other by a dielectric
member (not shown in FIGS. 94 to 9f), as described above.
As shown in FIG. 9a, the second electrode 9 may comprise
a first segment 21 forming a base from which a plurality of
second segments or branches extend. The second segments
are electrically coupled to the first segment 21. As illus-
trated, the first segment 21 may have a linear structure. As
shown in FIG. 9a, the second segments may extend parallel,
for example as straight lines. Thus, the electrode 9 may be
“comb-shaped”. Alternatively, as shown in FIG. 95, the
second segments e.g. may be shaped wavelike or sinusoi-
dally.

[0113] FIG. 9¢ shows an example of a second electrode 9
having a serpentine shape. FIG. 9¢ shows an example of an
electrode 9 which is spiral shaped, FIG. 94 shows an
electrode 9 having the shape of a rectangular spiral. FIG. 9f
shows an example of an electrode 7 having a meandering
shape.

[0114] FIG. 9g shows—in a perspective view—an elec-
trode having a mesh-shaped structure.

[0115] The first electrode 12 and/or the second electrode
14 may have an electrode surface between 1 cm? and 100
cm?. The electrode surface may be rectangular, for example
sized between 1 cm times 1 cm and 10 cm times 10 cm.
Different sizes of the electrode surface allow for individual
adjustments. For example, a smaller size of the electrode
surface may be suited for a child, while a larger size is
preferred for a grown-up person.

[0116] The system further comprises an energy source 18
for energizing the plasma source 4 and a control unit 20
configured to control a power supply from the energy source
18 to the plasma source 4. The control unit 20 is preferably
configured to adjust a value of a voltage applied to the first
electrode 12. Adjusting the voltage allows for an adjustment
of the relation between the oxygen-chemistry and the nitro-
gen chemistry of the plasma, as explained above.
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[0117] The system further comprises a chamber 24 dis-
posed between the plasma source 4 and the species directing
member 6. The chamber 24 comprises a chamber outlet
opening 26. A first end of the species directing member 6,
which may be identical to the first end 61 of the duct, is
connected to the chamber outlet opening 26. A cross section
of the chamber 24 is preferably larger than a cross section of
the chamber outlet opening 26 and/or a cross section of the
species directing member 6 along a longitudinal axis
thereof. In this manner, the plasma source 4 may be provided
with a relatively large surface area. This allows to generate
a large amount of reactive species in the chamber 24 in a
relatively short time.

[0118] The plasma source 4 preferably forms a surface
region 28 delimiting at least part of the chamber 24, wherein
the reactive species generated by the plasma source 4 are
released into the chamber 24. According to this example, at
least a portion of the surface region 28 is substantially
planar.

[0119] Only the second electrode 14 is preferably exposed
to gas in the chamber 24.

[0120] The chamber outlet opening 26 is located, for
example, opposite the surface region 28 formed by the
plasma source 4 with respect to the interior of the chamber
24. The duct of the species directing member 6 extends from
the chamber 24 in a direction substantially perpendicular to
the surface region 28. The chamber 24 may have a volume
between 3 cm> and 100 cm®.

[0121] The chamber 24 is formed in a chamber member
22. Preferably, the chamber member 22 is manually detach-
able from the plasma source 4 and/or removably connectable
to the plasma source 4, for example via a snap-fit and/or a
friction-fit connection.

[0122] According to a variation, the species directing
member 6 may further form a second duct for guiding at
least a part of the reactive species generated by the plasma
source 4 into the oral cavity and/or the respiratory tract of
the patient. Thus, the first mentioned duct may, for example,
be used for a treatment of the oral cavity, whereas the other
duct may, for example simultaneously, be used for a treat-
ment of the nasal cavity.

[0123] As indicated in FIG. 2 by a dash-dotted line, the
tubular member may comprise an arcuate shape 8'. The
length of the tubular member 8 with such arcuate shape 8'
may range, for example, from 3 cm to 10 cm. For example,
the tubular member 8 and/or its arcuate shape 8' may be in
the form of a Guedel Tubus.

[0124] More generally, the tubular 8 may have a length in
the order of 1 m or 2 m. As surprisingly found by the
inventors, even such a long tubular member is suited to
effectively guide at least a part of the reactive species
generated by the plasma source 4 to the patient, in particular
when an adequate flow is provided therethrough.

[0125] The chamber 24 may comprise one or more gas
inlets 32 through which gas flows into the chamber, e.g.,
ambient air.

[0126] FIG. 3 shows a second example which might be
regarded as a variation of the first example. If not otherwise
described in the following, the second example can be
designed as the first example.

[0127] The system according to the second example com-
prises a gas flow generator 34, for example in the form of a
fan, configured to generate a gas flow 36 through the species
directing member 6 to the patient and/or a gas flow into the
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chamber 24. This is advantageous because the gas flow 36
provides for an effective transportation of the reactive spe-
cies through the elongate member 8 to the patient.

[0128] Preferably, the system further comprises one or
more gas inlets 30 which allow for a gas flow 32 into the
chamber 24. As shown in FIG. 3, the one or more inlets 30
may be arranged upstream of the flow generator 34 whereas
the outlet 26 of the chamber 24 may be arranged down-
stream of the flow generator 34. Alternatively, the gas flow
could be generated at one or more of the one or more gas
inlets 30 and/or after the outlet 26 (e.g., by arranging a fan
in the tubular member 8)

[0129] As illustrated in FIG. 3, the gas flow generator 34
may be positioned at least partially within the chamber 24.
Alternatively, the gas flow generator 34 may be positioned
adjacent to the chamber 24 or in the species directing
member 6. For example, the gas flow generator 34 may be
positioned at the chamber outlet opening 26 and/or at the
first end of the species directing member 6 or the first end 61
of the duct.

[0130] The gas inlet 30 may be configured to direct the gas
flow 32 into the chamber 24 in a direction towards the
plasma source 4, preferably in a direction towards the
surface region 28 formed by the plasma source 4. In the
illustrated example, the gas inlet 30 is configured to direct at
least part or most of the gas flow 32 into the chamber 24 in
a direction substantially parallel to the surface region 28
formed by the plasma source 4.

[0131] FIG. 4 shows a third example. If not otherwise
described in the following, the third example can be
designed as the first and/or second example.

[0132] The gas inlet 30 of the system according to the third
example is configured to direct at least part or most of the
gas flow 32 into the chamber 24 in a direction substantially
perpendicular to the substantially planar portion of the
surface region 28 formed by the plasma source 4.

[0133] As illustrated, the gas inlet 30 may be located
opposite to the surface region 28 formed by the plasma
source 4 with respect to the interior of the chamber 24. The
gas inlet 30 may be in the form of a short tube. The gas may
be ambient air.

[0134] The system may further comprise a gas source. For
example, as illustrated in FIG. 5, the gas flow generator 34
which is here located outside the chamber 34 may comprise
the gas source. The gas source is preferably a source of
pressurized gas, where the pressure of the pressurized gas is
at least 200 kPa and/or 1000 kPa or less.

[0135] The pressurized gas may be air, O,, or a mixture of
O, and N,, or a mixture of O,, N, and a noble gas, for
example Ar and/or He. As indicated above, the oxygen
content and the nitrogen content in the gas supplied to the
plasma source 4 (e.g., in the pressurized gas) may be varied
in order to achieve a desired composition of the reactive
species generated by the plasma.

[0136] The system may further comprise a connection
tube 40 conducting the gas from the gas source or the gas
flow generator 34 to the plasma source 4 or to the chamber
24. Preferably, the connection tube 40 conducts the gas from
the gas source into the chamber 24 through the gas inlet 30.
In view of normal hospital settings, such connection tube
may be, for example, at least 20 cm, at least 50 cm or at least
1 m long.

[0137] The system may further include a flow regulator
35, for example as a part of the flow generator 34, configured
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to provide for a gas volume flow of at least 0.1 standard liter
per minute from the gas source.

[0138] FIGS. 6a and 65 illustrate schematically further
examples. The system may further comprise a mechanical
ventilator 100, for example in the form of a positive pressure
ventilator, where the species directing member is at least
partially formed by a ventilation tube 101 for intubating the
patient. As illustrated in FIG. 6a, the plasma source 4 may
be located outside a housing 102 of the mechanical venti-
lator 100. Alternatively, as illustrated in FIG. 65, the plasma
source 4 may be located inside the housing 102 of the
mechanical ventilator 100. If the plasma source 4 is located
outside the housing 102 of the mechanical ventilator 100, the
plasma source 4 may be connected to the ventilation tube
101 via a Y connector 103.

[0139] Alternatively, the system may comprise a mechani-
cal ventilator 100, for example a positive pressure ventilator,
and the species directing member may be formed as a nasal
mask, a nose piece, or a full-face mask (not shown). In this
case, the species directing member may, but does not nec-
essarily have to be, configured to extend into the oral cavity
and/or the respiratory tract. For example, the reactive spe-
cies may be guided to the nasal mask, nose piece, or full-face
mask (e.g., by being entrained in the pressurized gas from
the ventilator or through a separate connection fluidly con-
nected with the nasal mask, nose piece, or full-face mask)
and inhaled by the patient when the patient takes a breadth.
[0140] As shown exemplarily in FIG. 64, the system may
further comprise an exhalation tube 104 for receiving
exhaled air from the patient. The exhalation tube 104 may be
connected to a valve member 105 designed to regulate the
direction of the air exhaled by the patient. The valve member
105 may be further connected to the ventilation tube 101 and
further designed to regulate the direction of the inhaled air.
[0141] As illustrated, the system may additionally com-
prise a further plasma source 106, connected to the exhala-
tion tube 104 such that the exhaled air is at least partially led
to the further plasma source 106. Thus, one or more patho-
gens can be inactivated at least partially by the further
plasma source 106.

[0142] The system may further comprise a filter 107,
preferably arranged downstream the further plasma source
106, for filtering one or more pathogens from the exhaled air.
The filter 107 may be provided by a fibrous or porous
material.

[0143] FIG. 7 shows an example where the mechanical
ventilator comprises a bladder 110. Thus, the reactive spe-
cies can be conducted from the plasma source 4 via the
species directing member 6 into the bladder 110 and further
from the bladder 110 via the ventilation tube 101 to the
patient. As sketched in FIG. 7, the plasma source 4 may be
arranged outside the bladder 110. Alternatively, the plasma
source 4 may be arranged within the bladder 110.

[0144] FIGS. 8a and 85 illustrate a further alternate design
of'the plasma source. The plasma source may form a duct 40
through which the gas flows, wherein a first electrode of the
plasma source is a part of the duct 40, constitutes the duct
40, and/or is arranged at least partially around the duct 40.
The duct 40 may be shaped cylindrically, for example—as
sketched in FIG. 8a—having a circular cross section or—as
sketched in FIG. 85—having a rectangular cross section.
[0145] A second electrode of the plasma source may be
arranged at least partly within the duct 40 along a main axis
A of the duct 40, e.g. along a longitudinal symmetry axis of
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the cylinder. Here, preferably the second electrode is a
structured electrode. The duct 40 may be directly coupled to
the species directing member 6 such that the reactive species
generated by the plasma source 4 are guided from the duct
40—for example via or by a gas flow generator 34—directly
into the species directing member 6 and through the species
directing member 6 to the patient.

[0146] FIG. 10 reports the coronavirus reduction after
plasma treatment. The plasma device used in these tests is
the one described in this application. The details of the
experiment underlying the results shown in FIG. 10 are as
follows: The human coronavirus 229E (HCoV-229E) is one
of four coronaviruses responsible for the common cold. For
the reporter assay, the virus HCoV-229E was genetically
modified to encode renilla luciferase. Renilla luciferase is an
enzyme that catalyzes the reaction of luciferin with oxygen
and ATP to oxyluciferin, CO, and AMP. The reaction pro-
duces light. When the virus (HCoV-229E) is active and
multiplies in infected cells, it also produces renilla lucifer-
ase. The light intensity in a sample mixed with the substrate
luciferin correlates with the amount of virus. When a sub-
stance (here the cold plasma (CAP)) has a viricidal effect,
the virus should not be able to replicate in infected cells, so
less luciferase and less light is produced. In the experimental
setup 3 pl or 20 pL of a HCoV-229E virus solution (3x10"7
pfu/sample) were treated with CAP in a 96-well microtiter
plate either for 6 minutes, or two times for 3 minutes. The
experimental design was chosen to imitate the behavior of a
coronavirus in an organic fluid such as saliva. The results of
FIG. 10 report that a 6 minutes CAP treatment led to more
than 60% reduction in luciferase activity. These test results
indicate that coronaviruses can be inactivated in an organic
fluid (e.g., in saliva).

[0147] In the following, some experiments on the reduc-
tion of bacteria in the respiratory tract and on the absorption
of plasma species by mucous membranes are presented.
First, a three-dimensional anatomical model is described on
the basis of which bacterial reduction was determined. Then,
the experiments to determine the absorption of plasma
species by mucous membranes are presented.

Three-Dimensional Anatomical Model of an Area
Above a Cuff of Mechanically Ventilated Patients

[0148] The system described herein may be used in the
area above the cuff of invasively mechanically ventilated
patients with uninjured mucous membranes. At this natural
body opening/cavity, the behavior, e.g., the spatial distribu-
tion of plasma-activated medical compressed air flowing
from the application tubing of the device is influenced by
anatomical conditions.

[0149] To generate experimental data demonstrating the
safety and efficacy of the system under these conditions, a
three-dimensional computer generated model of the area
above a cuff of mechanically ventilated adults was created.
This model—herein also designated as “upper respiratory
tract model” (URT model or simply “model”)}—was pro-
duced using 3D printing and used in preclinical studies to
take into account the geometry in this body region. In
addition, various flow simulations were performed using the
model. In the following section, the design of the anatomi-
cally highly detailed model is described in terms of its use
in the experimental setup and in the context of the computer
simulation, followed by a more detailed explanation of the
data generated with it.
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[0150] FIG. 11 shows the side view of the modeled upper
airway. Based on the scaled cross-sectional drawings of the
upper respiratory tract from literature (Sobotta: Atlas der
Anatomie, Elsevier, 2017), a 2D sketch was created using a
3D modeling software (Autodesk Inventor© 3D modeling
software). The extension of the model in the vertical direc-
tion is based on descriptions from the literature as well as on
further anatomical drawings showing the upper respiratory
tract in different views. The anatomical structures were
precisely measured in the drawings and transferred to the 3D
model in the appropriate proportions.

[0151] The anatomical conditions of the upper respiratory
tract may naturally differ somewhat from person to person in
terms of shape and dimension. For example, the nasal cavity
may have more or less pronounced curvatures. However, the
shape of the upper respiratory tract, which is regarded as a
physical flow channel, does not vary to such an extent that
it can be assumed to have a relevant influence on the flow
dynamics. Important constrictions and dilatations exist
equally in all people. Thus, the model is an exemplary
illustration of the adult upper respiratory tract that is
believed to adequately reflect the flow conditions. The
model was scaled at the end so that the diameter of the
trachea is 2 cm, placing the dimension more in the upper
reference range of human anatomy (Aumdiller, G. et al.:
Anatomie, Thieme, 2017).

[0152] FIG. 11 illustrates different sections of the upper
respiratory tract in the model, namely a nasal cavity 201, an
oral cavity 202, a pharynx, 203, an epiglottic space 204, a
glottis 205, a subglottic space 206 and a trachea 207. The
volume occupied by the nasal cavity 201 is approximately
31 mL, the volume of the oral cavity 202 approximately 85
ml, the volume of the pharynx 203 approximately 45 mlL,,
the volume of the epiglottic space 204 approximately 8 mL
and the volume of the subglottic space 206 approximately 27
mL. The position of an endotracheal cuff 208 is also drawn
and should be approximately 1.5 to 2.5 cm below the glottis
205 after successful intubation/tracheotomy (Varshney, M.,
Kumar, R., Sharma, K. & Varshney, P.: Appropriate depth of
placement of oral endotracheal tube and its possible deter-
minants in Indian adult patients, Indian J. Anaesth. 55, 488,
2011). The total volume of the model above the cuft 208 is
approximately 175 mL with the mouth wide open. With the
mouth closed or slightly open, this volume would be
approximately 95 to 115 ml.

[0153] The values for the volume of the model are derived
from the dead space volume. The dead space volume only
takes into account the ventilated portions of the respiratory
tract, at which, however, no gas exchange occurs. It is
known that the volume of the dead space below the carina
is approximately 70 ml (Kain, M. L., Panday, J. & Nunn, J.
F.. THE EFFECT OF INTUBATION ON THE DEAD-
SPACE DURING HALOTHANE ANAESTHESIA, Br. J.
Anaesth. 41, 94-102, 1969) and the anatomic dead space
volume of the entire respiratory tract is between 150 and 200
ml (Oczenski, W., Andel, H. & Werba, A. Atmen, Atemhil-
fen: Atemphysiologie und Beatmungstechnik, Thieme,
2012). This results in a dead space of 80 to 130 ml for the
respiratory tract above the carina. Considering the dimen-
sions and position of the endotracheal cuftf 208, the dead
space volume above the cuft 208 is 62 to 115 ml.

[0154] When breathing through the mouth, the nasal cav-
ity 201 and nasopharynx are not ventilated. Similarly, when
breathing through the nose, the oral cavity 202 is not
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ventilated and is therefore not part of the dead space volume
described. However, by means of the system both cavities
201, 202 are flooded with cold plasma, so the volumes of the
oral and nasal cavities must also be taken into account in
order to arrive at the total volume above the cuff 208
mentioned above.

[0155] As an important constriction in the upper airways,
emphasis has been put on a detailed modeling of the Rima
glottidis. A cross-section of the Rima glottidis is shown in
FIG. 12. A relatively wide opening angle of 44° and the
widest point of 14 mm were defined such that a commer-
cially available tube can fit comfortably.

[0156] An open mouth was assumed for orally intubated
patients. Accordingly, a large opening width of 24 mm has
also been selected in the model.

[0157] The mucosal folds of the esophagus are adjacent to
each other ventrally and dorsally, so that the lumen is usually
collapsed. In addition, the esophagus has circular/longitu-
dinal muscle fibers and a venous plexus that close its lumen
and provide a gas-tight seal. For this reason, the transition of
the pharynx 203 into the esophagus has been indicated in the
model. However, the collapsed lumen has not been consid-
ered because it is believed to have no relevance in terms of
flow dynamics.

[0158] FIG. 13 shows a cross-section of the model, which
was fabricated by 3D printing and used for the preclinical
experiments. In addition to the described anatomical struc-
tures in the upper respiratory tract, an extension of the flow
channel was added to the model in the oropharyngeal area
and in the subglottic space in order to be able to place Petri
dishes 210 there. Furthermore, the airways are positioned at
30° to the horizontal, which corresponds to a typical posi-
tioning of intubated or tracheotomized patients. At selected
locations, measurement points for the optical measurement
of ozone (a parameter for measuring the generated plasma)
were integrated into the model to determine the temporal
and spatial distribution of plasma in the respiratory tract in
the experiments. For the cell culture experiments, these
measurement points were removed from the model. Refer-
ence sign 211 designates the URT model, flooded with
plasma species, 212 an applicator, 213 an applicator tube,
214 a supply tube (with medical pressurized air) and 215 a
housing of the system comprising the plasma source. In an
enlarged section, reactive plasma species 216 are sketched.

Determination of Bacterial Reduction in the
Three-Dimensional Model of the Respiratory Tract
(with Moist Patches)

[0159] In this series of experiments, a defined number of
bacteria were inoculated on sterile agar-based culture
medium, placed at the appropriate positions in the URT
model and then treated with the system. The results of these
studies showed in the first step the bactericidal effect of cold
atmospheric plasma on the selected strains in a humid
environment (agar culture medium). Furthermore, by select-
ing different bacteria with different characteristics, such as
the different cell membrane structure in gram-negative and
gram-positive bacteria, a possible selectivity of the effect of
the cold atmospheric plasma was be assessed with respect to
these differences.

[0160] The optical density at 600 nm of a prepared bac-
terial suspension of Staphylococcus cohnii (S. cohnii),
Escherichia coli (E. coli) or Enterococcus mundtii (E.
mundtii) was measured using a spectrophotometer. The aim

Aug. 31, 2023

was to prepare an initial bacterial solution with approx. 108
bacteria per milliliter, of which a defined amount was added
to an appropriate culture medium (agar) dish, spread and
dried for 30 min at room temperature (sample). Controls
were also prepared to accurately determine the initial con-
centration of the bacterial suspension. For this purpose, the
initial bacterial solution was successively diluted by a factor
of 105, spread on commercial Mueller-Hinton agar dishes
(diameter 9 cm) and dried. Due to the dilution, approx. 100
colony-forming units appear on the Agar plate after incu-
bation at 37° C. for approx. 12 to 24 h.

[0161] The test setup and procedure essentially corre-
spond to the test for determining the ozone concentration as
described below. In both experiments the applicator of the
system was inserted 2 cm into the mouth opening of the URT
model and the flow rate was set to 0.5 /min.

[0162] In order to perform the experiments in the URT
model, a total of three smaller Petri dishes with a diameter
of 3.5 cm were filled from a prepared agar dish with a
diameter of 9 cm. Thus, the area ratio between the small and
large dishes was 15%. This ratio was taken into account
when calculating the initial concentration of the bacterial
suspension.

[0163] The measurement positions (pharynx and subglot-
tis) of the samples in the URT model are shown in FIG. 13.
In addition, to simulate the humid environment, a Petri dish
filled with water was placed at the respective free measure-
ment position in each experiment. Each sample was treated
with cold atmospheric plasma for 5 min.

[0164] Three runs were performed at each of the measure-
ment positions, using three systems in alternation. This
ensured that there was sufficient time for the plasma source
to cool down before being used again. In addition, three
adequate control runs were performed for both positions.
The control agar dishes were placed at the appropriate
position and the application tubing was connected to the
compressed air without switching on the system. In addition
to the agar dish, a Petri dish with water was positioned at the
respective free position (pharynx or subglottis) in the model
to seal the model at this position and to simulate pharyngeal
moisture. Before each subtest, the model was rinsed with
water to “wash” any remaining plasma species from the
URT model.

[0165] Following plasma treatment, the samples (along
with controls) were incubated at 37° C. overnight or for 24
hours in an incubator. By counting the colony-forming units
(CFU) on the agar in the small Petri dish, the initial
concentration—determined from the control plates—can be
used to calculate the log reduction achieved.

[0166] Nine experiments per bacterial strain were per-
formed in total on three different days. The results are shown
in FIG. 14, wherein the bar represents the median and the
error represents the 25% and 75% quartiles. The log-10
reduction varied between 4.8 and 6.0 for the three bacterial
strains. It could be shown that by using the system, bacteria
on agar can be reduced by about 5 log levels within 5 min
of plasma treatment.

Absorption of Plasma Species By Mucous
Membranes

[0167] The above described URT model is believed to
represent the anatomical conditions accurately and is thus
believed to provide a good approximation to real conditions.
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For the experiments, the model was lined with patches and
immersed in water to simulate humidity in the respiratory
tract.

[0168] In a further experiment, the influence of mucous
membranes on the absorption of plasma species was inves-
tigated. In this further experiment, the bacterial reduction of
S. cohnii on Miiller-Hinton agar plates was determined. In
addition, the ozone concentration at the respective positions
in the model was determined spectroscopically.

[0169] In this experiment, a simplified model of the respi-
ratory tract was created and 3D-printed. The model has the
same volume of approx. 175 ml but was anatomically less
detailed than the URT model described above. The simpli-
fied model was essentially configured as an L-shaped duct.
The straight segments of the I were provided as an open
latticework. Tissue pieces corresponding to different mucous
membranes were wrapped around the latticework, thereby
simulating a duct lined with the respective tissue.

[0170] Prior to the experiment, peritoneal skin and gastric
mucosa from pig and appendix mucosa from cow were
prepared. The respective tissue piece was wrapped around
the 3D model. For the measuring unit for optical measure-
ment of the ozone concentration, a hole was cut in the tissue
at the appropriate position. Cling film and Parafilm© were
wrapped around the tissue pieces in order to seal the sections
of the model formed as the open latticework. The respective
tissue piece was moistened with tap water using a spray
bottle before each experiment. Preparation of bacteria by
plating of colony-forming units on the Mueller-Hinton agar
dish was performed analogously to the experiment testing
bacterial reduction as described above.

[0171] For each of the three tissue types, three agar dishes
each were treated with the system at both the pharyngeal and
subglottic measurement positions, and the ozone concentra-
tion was measured. In addition, three agar dishes were
positioned in the pharynx for control purposes in the same
setup without switching on the system, but with compressed
air applied.

[0172] The model was positioned at an angle of 30°. As in
the other experiments, the tube of the system was always
inserted 2 cm into the mouthpiece of the model and the flow
rate was set to 0.5 ml/min. A Petri dish filled with pure water
and an agar dish containing plated S. cohnii were always
placed at the respective positions in the model (pharynx and
subglottis, respectively). The measuring unit was placed in
front of the agar dish. The respective bacterial sample was
then treated with cold atmospheric plasma for 5 min. For the
partial experiments, three different plasma source units were
used alternately to ensure sufficient time for cooling down
the plasma source between the experiments.

[0173] FIGS. 15-19 show the result of ozone measurement
and bacterial reduction for the different tissue types and for
reference with Parafilm alone. The reduction of S. cohnii in
the pharynx (FIG. 19, position 1) and subglottis (position 2)
is shown.

[0174] When comparing the ozone concentrations in the
diagram which characterizes the bioframe model with the
ozone concentrations in the diagrams using the different
tissue types, a slightly reduced mean saturation can be
observed at the measurement position in the pharynx, which
varies between 150 and 250 ppm. This reduction in ozone
concentration is relatively small and must not necessarily be
due to absorption by the tissue, but may also be due to
variations in the amount of plasma delivered by the system.
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[0175] The situation is different in the subglottis. Here, the
ozone concentration for the outer gastric skin as well as the
appendix mucosa is about 50 ppm and is thus approximatly
70% lower than the ozone concentration when using Para-
film., This difference is probably related to the use of the
agar dishes rather than caused by the different tissue types.
Empty Petri dishes were used in the characterization of the
model, however, it is believed that that the agar medium may
be absorbing a large part of the ozone in the subglottis,
resulting in an ozone concentration—as in this experiment—
of only 50 ppm.

[0176] When using gastric mucosa, no ozone could be
measured in the subglottis. This is also reflected in the
corresponding experiment testing microbial reduction as
described above where no reduction of bacteria on the agar
plates could he detected in this experimental setting, sug-
gesting that the absence of measurable ozone is probably not
caused by a measurement error. It should be noted, however,
that in this experiment, a much thicker section of gastric
mucosa was used for the area in the subglottis, in which the
outer gastric skin was not dissected away but still attached
to the gastric mucosa. It is therefore conceivable that the
thicker tissue section was accompanied by a higher ozone
absorption. Considering the results of the other experiments
in which no or only very low absorption took place, this is,
however, considered rather unlikely as a cause. An alterna-
tive reason could be that the mucosa in the bioframe model
was not only wall-forming but also protruded unfavorably
into the lumen and thus prevented flow or gas exchange.
[0177] In summary the experiments showed that, except
for the experimental setting using gastric mucosa in the
subglottis, a good reduction of bacteria was always achieved
which is comparable to the previous results of the URT
model.

[0178] While the invention has been described in detail in
the drawings and forgoing description, such description is to
be considered illustrative or exemplary and not restrictive.
Variations to the disclosed examples can be understood and
effected by those skilled in the art and practicing the claimed
invention, from a study of the drawings, the disclosure, and
the appended claims. In the claims, the word “comprising”
does not exclude other elements or steps, and the indefinite
article “a” or “an” does not exclude a plurality. The mere fact
that certain elements or steps are recited in distinct claims
does not indicate that a combination of these elements or
steps cannot be used to advantage, specifically, in addition to
the actual claim dependency, any further meaningful claim
combination shall be considered disclosed.

[0179] The invention relates, for example, to the following
aspects:
[0180] 1. A system for treating and/or preventing a viral,

bacterial and/or fungal infection in the oral cavity and/or
along the respiratory tract, in particular the interior of the
nose, throat, trachea and/or lungs, of a patient by reactive
species generated by plasma, the system comprising:

[0181] a plasma source generating reactive species in a
gas, the plasma source being configured to be located
outside a body of the patient,

[0182] a species directing member forming at least one
duct for guiding at least a part of the reactive species
generated by the plasma source into the oral cavity
and/or the respiratory tract.

[0183] 2. The system of aspect 1, wherein the duct com-
prises a first end through which at least part of the reactive
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species generated by the plasma source enter the duct and a
second, open end through which at least part of said reactive
species are released, preferably wherein the first end is
configured to be located outside the patient’s body and/or
the second end is configured to be located in the oral cavity
and/or in the respiratory tract.

[0184] 3. The system of aspect 1 or 2, wherein the duct is
at least partly formed by an elongate tubular member.
[0185] 4. The system of any of the preceding aspects,
wherein the tubular member has an arcuate shape.

[0186] 5. The system of aspect 4, wherein the tubular
member is a Guedel Tubus.

[0187] 6. The system of any of aspects 3 to 5, wherein the
tubular member is flexible or rigid.

[0188] 7. The system of any of aspects 3 to 6,

[0189] wherein the tubular member has a length of at
least 1 cm, at least 2 c¢m, at least 3 cm, at least 5 cm,
at least 10 cm, or at least 30 cm; and/or

[0190] wherein the tubular member has a length of less
than 30 cm or less than 10 cm.

[0191] 8. The system of any of aspects 3 to 7, wherein the
length of the tubular member is between 10 cm and 500 cm,
between 10 cm and 400 cm, or between 20 cm and 200 cm.
[0192] 9. The system of any of aspects 3 to 8, wherein the
tubular member has an inner diameter of at least 0.2 cm, at
least 0.5 cm, at least 1 cm, at least 1.5 cm, or at least 2 cm.
[0193] 10. The system of any of aspects 3 to 9, wherein the
tubular member is made from a polymeric material, prefer-
ably wherein the material comprises silicone and/or polyvi-
nyl chloride, more preferably wherein the tubular member
consists of silicone and/or polyvinyl chloride.

[0194] 11. The system of any of the preceding aspects,
wherein the plasma source generates a non-thermal plasma
and/or a cold atmospheric plasma.

[0195] 12. The system of any of the preceding aspects,
wherein the plasma source comprises a first electrode, a
second electrode and a dielectric member, wherein at least a
part of the dielectric member is disposed between the first
electrode and the second electrode.

[0196] 13. The system of aspect 12, wherein the first
electrode is a laminar shaped high-voltage electrode and/or
wherein the second electrode is a structured ground elec-
trode, for example a mesh or comb shaped electrode.
[0197] 14. The system of aspect 12 or 13, wherein the
second electrode is embedded in the dielectric member.
[0198] 15. The system of aspect 12, 13 or 14, wherein the
first electrode and/or the second electrode is exposed to gas
in the species directing member, preferably wherein only the
first electrode or only the second electrode is exposed to gas
in the species directing member, in particular only the
second electrode.

[0199] 16. The system of any of the preceding aspects,
further comprising an energy source for energizing the
plasma source and a control unit configured to control a
power supply from the energy source to the plasma source.
[0200] 17. The system of aspect 16, wherein the control
unit is configured to apply an alternating current and/or
voltage to the first electrode.

[0201] 18. The system of any of the preceding aspects,
wherein the plasma source forms a duct through which the
gas flows, wherein a first electrode of the plasma source is
a part of the duct or constitutes the duct.

[0202] 19. The system of aspect 18, wherein a second
electrode of the plasma source is arranged along a main axis
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of the duct, wherein the second electrode is preferably at
least partly arranged within the duct.
[0203] 20. The system of aspect 18 or 19, wherein the
second electrode is a structured electrode.
[0204] 21. The system of any of the preceding aspects,
further comprising a chamber disposed between the plasma
source and the species directing member, wherein the cham-
ber comprises a chamber outlet opening, and wherein a first
end of the species directing member is connected to the
chamber outlet opening, preferably wherein a cross section
of the chamber is larger than a cross section of the chamber
outlet opening and/or a cross section of the species directing
member along a longitudinal axis thereof.
[0205] 22. The system of aspect 21, wherein the plasma
source forms a surface region delimiting at least part of the
chamber, wherein the reactive species generated by the
plasma source are released into the chamber, preferably
wherein at least a portion of the surface region is substan-
tially planar or a tubular segment or circumferential; and/or
[0206] wherein the first electrode and/or the second
electrode is exposed to gas in the chamber, preferably
wherein only the first electrode or only the second
electrode is exposed to gas in the chamber.
[0207] 23. The system of aspect 22, wherein the chamber
outlet opening is opposite the surface region formed by the
plasma source with respect to the interior of the chamber;
and/or wherein the duct of the species directing member
extends from the chamber in a direction substantially per-
pendicular or oblique or parallel to the surface region,
preferably in a direction substantially perpendicular or
oblique or parallel to the substantially planar portion of the
surface region.
[0208] 24. The system of any of aspects 21 to 23, wherein
the chamber has a volume of at least 3 cm’.
[0209] 25. The system of any of aspects 21 to 24, wherein
the chamber has a volume of at least 5 cm?>.
[0210] 26. The system of any of aspects 21 to 25, wherein
the chamber has a volume of at least 10 cm®.
[0211] 27. The system of any of aspects 21 to 26, wherein
the chamber has a volume of 100 cm? or less.
[0212] 28. The system of any of aspects 21 to 27, wherein
the chamber has a volume of 50 cm” or less.
[0213] 29. The system of any of aspects 21 to 28, wherein
the chamber has a volume of 30 cm” or less.
[0214] 30. The system of any of aspects 21 to 29, wherein
the chamber is formed in a chamber member, preferably
wherein the chamber member is detachable from the plasma
source and/or removably connectable to the plasma source,
more preferably manually detachable and/or manually con-
nectable, for example via a snap-fit and/or friction-fit con-
nection.
[0215] 31. The system of aspect 30, wherein the chamber
member comprises a radio-frequency identification tag.
[0216] 32. The system of any of aspects 21 to 31, wherein
the chamber member comprises a gas inlet allowing a gas
flow into the chamber.
[0217] 33. The system of any of the preceding aspects,
further comprising a gas flow generator configured to gen-
erate a gas flow through the species directing member and/or
a gas flow into the chamber.
[0218] 34. The system of aspect 33, wherein the gas flow
generator is a fan, in particular a fan with an impeller.
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[0219] 35. The system of aspect 33 or 34, wherein the gas
flow generator is positioned at least partially within the
chamber or adjacent to the chamber; or

[0220] wherein the gas flow generator is positioned in

the species directing member.

[0221] 36. The system of any of aspects 33 to 35, wherein
the gas flow generator is positioned at the chamber outlet
opening and/or at the first end of the species directing
member.
[0222] 37. The system of any of aspects 33 to 36, wherein
the gas flow generator is positioned outside the chamber,
preferably upstream of the chamber.
[0223] 38. The system of any of aspects 32 to 37, wherein
the gas inlet is configured to direct the gas flow into the
chamber in a direction towards the plasma source, preferably
in a direction towards the surface region formed by the
plasma source.
[0224] 39. The system of aspect 38, wherein the gas inlet
is configured to direct at least part or most of the gas flow
into the chamber in a direction substantially perpendicular or
oblique or parallel to the substantially planar portion of the
surface region formed by the plasma source.
[0225] 40. The system of aspect 38 or 39, wherein the gas
inlet is located opposite or lateral to the surface region
formed by the plasma source with respect to the interior of
the chamber.
[0226] 41. The system of aspect 38, 39 or 40, wherein the
gas inlet is located adjacent the chamber outlet opening.
[0227] 42. The system of any of the preceding aspects,
wherein the gas is ambient air.
[0228] 43. The system of any of aspects 1 to 42, further
comprising a gas source, preferably a source of pressurized
gas.
[0229] 44. The system of aspect 40, wherein the pressure
of the pressurized gas is at least 200 kPa.
[0230] 45. The system of aspect 40 or 41, wherein the
pressure of the pressurized gas is 1000 kPa or less.
[0231] 46. The system of aspect 43, 44 or 45, wherein the
pressurized gas is air or O,, or a mixture of O, and N,, or
a mixture of O,, N, and Ar or a noble gas, for example He.
[0232] 47. The system of any of aspects 40 to 43, wherein
the gas in the gas source comprises at least 40% wt of
oxygen, preferably at least 50% wt, at least 70% wt, or at
least 90% wt of oxygen.
[0233] 48. The system of any of aspects 40 to 43, wherein
the gas in the gas source comprises at least 80% wt of
nitrogen, at least 85% wt of nitrogen, at least 90% wt of
nitrogen or at least 95% wt of nitrogen.
[0234] 49. The system of any of aspects 40 to 44, further
comprising a connection tube conducting the gas from the
gas source to the plasma source, preferably wherein the
connection tube conducts the gas from the gas source into
the chamber through the gas inlet.
[0235] 50. The system of any of the preceding aspects,
further including a flow regulator.
[0236] 51. The system of aspect 50, wherein the flow
regulator is configured to provide for a gas volume flow of
at least 0.1 standard liter per minute from the gas source.
[0237] 52. The system of aspect 50, wherein the flow
regulator is configured to provide for a gas volume flow of
at least 0.3 standard liter per minute from the gas source.
[0238] 53. The system of aspect 50, 51 or 52, wherein the
flow regulator is configured to provide for a gas volume flow
of 1.0 standard liter per minute or less from the gas source.
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[0239] 54. The system of aspect 50, 51 or 52, wherein the
flow regulator is configured to provide for a gas volume flow
of 0.8 standard liter per minute or less from the gas source.
[0240] 55. The system of any of the preceding aspects,
further comprising an exhalation tube for receiving exhaled
air from the patient.

[0241] 56. The system of aspect 55, wherein the exhaled
air is led to a further plasma source of the system in order
to at least partially inactivate one or more pathogens in the
exhaled air.

[0242] 57. The system of aspect 55 or 56, further com-
prising a filter for filtering one or more pathogens from the
exhaled air, preferably wherein the filter is an air filter
provided by a fibrous or porous material.

[0243] 58. The system of aspect 57, wherein the further
plasma source is located upstream of the filter.

[0244] 59. The system of any of aspects 55 to 58, further
comprising a filter for absorbing or adsorbing at least part of
the reactive species within the exhaled air.

[0245] 60. The system of any of the preceding aspects,
wherein the system is a hand-held device.

[0246] 61. The system of any of the preceding aspects,
further comprising a mechanical ventilator, preferably a
positive pressure ventilator, wherein the species directing
member is at least partially formed by a ventilation tube for
intubating the patient.

[0247] 62. The system of aspect 61, wherein the plasma
source is located inside a housing of the mechanical venti-
lator.

[0248] 63. The system of aspect 61 or 62, wherein the
mechanical ventilator comprises a bladder, wherein the
reactive species generated by the plasma source are con-
ducted into the bladder.

[0249] 64. The system of aspect 61, wherein the plasma
source is located outside a housing of the mechanical
ventilator, wherein the plasma source is connected to the
ventilation tube via a Y connector.

[0250] 65. The system according to any of the preceding
aspects, further comprising an expandable cuff configured to
restrict airflow through the respiratory tract, preferably
wherein the cuff is configured to be expanded at a position
distal from the second end of the species directing member.
[0251] 61. Use of the system according to any of the
preceding aspects for plasma treatment of a viral, bacterial
and/or fungal infection in the oral cavity and/or along the
respiratory tract in a patient.

[0252] 62. A method for plasma treatment of a viral,
bacterial and/or fungal infection in a patient comprising
introducing the species directing member (6) of the system
according to any of the preceding aspects into the respiratory
tract, in particular into the interior of the nose, the throat,
trachea and/or lungs, and/or into the oral cavity.

[0253] 63. The method according to aspect 62, wherein the
species directing member (6) is inserted less than 1 cm or
less than 0.5 cm into the nose and/or wherein the species
directing member (6) is inserted less than 10 cm, preferably
less than 5 cm into the pharyinx.

[0254] 64. Plasma as obtainable by the system according
to any of the preceding aspects for use in medicine.
[0255] 65. Plasma as obtainable by the system according
to any of the preceding aspects for use in the treatment
and/or prevention of a viral, bacterial and/or fungal infection
in a patient.
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[0256] 66. Plasma for use in the treatment and/or preven-
tion of a viral, bacterial and/or fungal infection in a patient.
[0257] 67. The use according to aspect 61, the method
according to aspect 62 or 63, or the plasma for use according
to aspect 64, 65 or 66, wherein said viral infection to be
treated and/or prevented is a viral infectious disease selected
from the group consisting of infections by coronaviruses,
preferably SARS-CoV, SARS-CoV-2, MERS; influenza
viruses, parainfluenza viruses, respiratory syncytial viruses
(RSV), rhinoviruses, adenoviruses, noroviruses, enterovi-
ruses, human metapneumoviruses, herpesviruses, preferably
HSV-1, HSV-2, VZV, EBV, HCMV, HHV-6, HHV-7, HHV-
8.

[0258] 68. The use according to aspect 61 or 67, the
method according to aspect 62, 63 or 67, or the plasma for
use according to any aspects of 64 to 67, wherein said viral
infection is the virus infection disease is the virus infection
disease caused by the severe acute respiratory syndrome
coronavirus (SARS-CoV)-2, SARS-CoV-1, or Middle East
respiratory syndrome coronavirus (MERS-CoV), preferably
the virus infection disease COVID-19 caused by the coro-
navirus SARS-CoV-2.

[0259] 69. The use according to aspect 61, the method
according to aspect 62 or 63, or the plasma for use according
to aspect 64, 65 or 66, wherein said bacterial infection is
caused by gram-positive and/or gram-negative bacteria.
[0260] 70. The use according to aspect 61 or 69, the
method according to aspect 62 or 63, or the plasma for use
according to aspect 64, 65 or 66, wherein said bacterial
infection is caused by Staphylococcus cohnii (S. cohnii),
Escherichia coli (E. coli) and/or Enterococcus mundtii (E.
mundtii).

[0261] 71. The use according to aspect 61 or 67 to 70, the
method according to aspect 62, 63, 67 to 70, or the plasma
for use according to any aspects of 64 to 70, wherein the
system is inserted into the respiratory tract, in particular into
the interior of the nose, the throat, trachea and/or lungs,
and/or into the oral cavity with reactive species being
generated by the plasma source at least twice a day for at
least 2 minutes.

[0262] 72. The use according to aspect 61 or 67 to 70, the
method according to aspect 62, 63, 67 to 70, or the plasma
for use according to any aspects of 64 to 70, wherein the
system is inserted into the respiratory tract, in particular into
the interior of the nose, the throat, trachea and/or lungs,
and/or into the oral cavity with reactive species being
generated by the plasma source at least twice a day for 5
minutes.

1-15. (canceled)

16. A system for treating or preventing a viral, bacterial or
fungal infection in the oral cavity or along the respiratory
tract of a patient by reactive species generated by plasma,
the system comprising:

a plasma source generating reactive species in a gas, the
plasma source being configured to be located outside a
body of the patient; and

a species directing member forming at least one duct to
guide at least a part of the reactive species generated by
the plasma source into at least one of the oral cavity and
the respiratory tract,

wherein the plasma source comprises a first electrode in
the form of a laminar shaped high-voltage electrode.
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17. The system of claim 16, wherein the viral, bacterial or
fungal infection is in the interior of the nose, throat, trachea
or lungs of the patient.

18. The system of claim 16, wherein the duct comprises:

a first end through which at least part of the reactive

species generated by the plasma source enter the duct;
and

a second, open end through which at least part of said

reactive species are released, wherein the first end is
configured to be located outside the patient’s body and
the second end is configured to be located in the oral
cavity or in the respiratory tract.

19. The system of claim 18, wherein the duct is at least
partly formed by an elongate tubular member, wherein the
tubular member has a length of at least 1 cm.

20. The system of claim 18, wherein the tubular member
has a length of at least 10 cm.

21. The system of claim 18, wherein the tubular member
has a length of at least 30 cm.

22. The system of claim 16, wherein the plasma source
comprises the first electrode, a second electrode and a
dielectric member, wherein at least a part of the dielectric
member is disposed between the first electrode and the
second electrode, wherein the second electrode is a struc-
tured ground electrode.

23. The system of claim 22, wherein the second electrode
is a mesh or comb shaped electrode.

24. The system of claim 16, wherein the plasma source
forms a duct-shaped portion through which the gas flows,
wherein a first electrode of the plasma source is a part of the
duct-shaped portion or constitutes the duct-shaped portion

25. The system of claim 24, wherein a second electrode of
the plasma source is arranged along a main axis of the duct.

26. The system of claim 16, further comprising a chamber
disposed between the plasma source and the species direct-
ing member, wherein the chamber comprises a chamber
outlet opening, and wherein a first end of the species
directing member is fluidly connected to the chamber outlet
opening.

27. The system of claim 26, wherein the chamber is
formed in a chamber member, wherein the chamber member
is manually detachable from the plasma source or manually
removably connectable to the plasma source.

28. The system of claim 27, wherein the chamber member
is manually detachable from the plasma source or manually
removably connectable to the plasma source via a snap-fit or
friction-fit connection.

29. The system of claim 26, further comprising a gas flow
generator configured to generate at least one of a gas flow
through the species directing member and a gas flow into the
chamber.

30. The system of claim 29, wherein the gas flow gen-
erator is a fan.

31. The system of claim 29, wherein the gas flow gen-
erator is positioned outside the chamber.

32. The system of claim 31, wherein the gas flow gen-
erator is positioned outside the chamber upstream of the
chamber.

33. The system of claim 16, further comprising a gas
source.

34. The system of claim 33, wherein the gas is pressurized
in the gas source.

35. The system of claim 16, wherein the system is a
hand-held device.
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36. A method for treatment or prevention of at least one
of a viral, bacterial or fungal infection in the oral cavity or
along the respiratory tract of a patient, wherein the method
comprises:

providing a device in accordance with claim 16;

generating reactive species in a gas with a plasma source

of the device being located outside a body of the
patient;

guiding at least a part of the reactive species generated by

the plasma source into at least one of the oral cavity and
the respiratory tract.

37. The method of claim 36, wherein said viral infection
is a viral infectious disease selected from the group consist-
ing of infections by coronaviruses, influenza viruses, parain-
fluenza viruses, respiratory syncytial viruses (RSV), rhino-
viruses, adenoviruses, noroviruses, enteroviruses, human
metapneumoviruses, herpesviruses.

38. The method of claim 37, wherein the coronaviruses
are SARS-CoV, SARS-CoV-2, MERS.

39. The method of claim 37, wherein the herpesviruses are
HSV-1, HSV-2, VZV, EBV, HCMV, HHV-6, HHV-7, HHV-
8.

40. The method of claim 37, wherein said viral infectious
disease is the virus infection disease COVID-19 caused by
the coronavirus SARS-CoV-2.

#* #* #* #* #*



