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(57) ABSTRACT 

A method of prevention and treatment of microbial infections 
that occur on, or just below, the skin and nails of a person 
consisting of electromagnetic radiation to inactivate the 
microbes thus rendering them harmless. The treatment con 
sists of irradiating an area of the skin and nails for a period of 
time long enough to inactivate the organisms. Some addi 
tional features Which are not integral to the treatment but 
increase the safety of the treatment include shielding of non 
infected areas from irradiation and a cover to prevent damage 
to sight Which may result from vieWing the electromagnetic 
radiation. 
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PREVENTION AND TREATMENT OF SKIN 
AND NAIL INFECTIONS USING 

GERMICIDAL LIGHT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation in part of US. 
application Ser. No. 10/215,834, Which claims the bene?t of 
US. Provisional Application 60/355,088 With ?ling date of 
Feb. 11, 2002. 

BACKGROUND 

[0002] 1. Field of Invention 
[0003] This invention relates to preventing and treating 
skin and nail infections using germicidal radiation to inacti 
vate and kill organisms that cause such infections. 
[0004] 2. Background of the Invention 
[0005] The germicidal effects of certain types of light have 
been recogniZed for many years. As early as the late 1890’s 
certain types of ultraviolet light Were found to have a germi 
cidal effect. HoWever, the Wavelengths of light found to be 
germicidal have very little poWer to penetrate Which limited 
their usefulness in treating infections. The most germicidal 
band, labeled UVC and extending from 240 to 280 nm, is 
totally absorbed by the atmosphere before it reaches the 
Earth’s surface. Published research indicates that UVC can 
only penetrate the skin about 0.1 mm. Although germicidal 
light Was found useful to sterilize air or Water and to treat hard 
surfaces such as laboratory benches, its lack of penetration 
made it appear unsuitable to treat skin and nail infections. 
[0006] Niels Finsen received the 1903 Nobel Prize in Medi 
cine for his discovery that light in the ultraviolet region could 
be used to treat skin tuberculosis, a very serious disease at that 
time. The treatment as described in the 1903 Nobel PriZe 
acceptance speech consisted of concentrating the rays of the 
sun and eliminating its longer heat producing rays or using a 
carbon arc lamp. The skin is exposed for an hour or so until it 
becomes red and in?amed. This treatment Was repeated as 
necessary until the skin scarred over and then later greW in 
clear. The treatment Was described as having no unpleasant 
effects, but Was expensive, and required constant supervision. 
The light used had a very loW percentage of UVC and it Was 
thought that the main effect of the light used Was to stimulate 
the body’s natural defenses. It Was thought that germicidal 
light could not effectively penetrate the skin to treat the infec 
tion but that the main purpose of the light Was to stimulate the 
body’s natural defenses. 
[0007] This type of treatment for skin tuberculosis and 
several other skin diseases continued through the 1950’s but 
Was eventually replaced by the use of antibiotics. Early use of 
ultraviolet light Was much more of an art than a science. In the 
early 1900’s science Was just beginning to form its modern 
theory of the composition of light and the science of genetics 
Was many decades off. Thus researchers did not have the 
theoretical knoWledge of hoW germicidal light damages 
genetic material to guide them in their treatments. 
[0008] Early practitioners of phototherapy for the treatment 
of skin infections Were aWare of the germicidal effects of light 
but did not think they contributed signi?cantly to UV photo 
therapy. In Ultra- I/mlet Radiation and Actinatherapy (Rus 
sel, 1933) it Was noted that ‘Ultraviolet light is absorbed by 
the protoplasm of the organism, and in a culture, or on the 
surface of a Wound, one bacterium Will protect a second lying 
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under it; so in a lesion like lupus very little bene?cial thera 
peutic effect can be considered to be due to the bactericidal 
effects of the rays. It is due rather to the increased lympho 
cytosis in the part, and stimulation of cicatrisation.’ (Russel, 
1933, pg. 288). The text also notes that ‘the absorption by the 
skin of very short Wave-length, is very great, all rays shorter 
than 3000 angstroms [300 nm] being absorbed by a later of 
epidermis 0.1 mm in thickness’ (Russel, 1933, pg. 272-273). 
The lamps Which Were used to treat skin infections had at least 
95% of their energy emitted at Wavelengths over 300 nm and 
thus had very little energy in Wavelengths considered germi 
cidal. This compares to modern loW pressure mercury germi 
cidal lamps Where 95% of light is emitted at 254 nmialmost 
the exact opposite of earlier lamps used to treat skin disorders. 

[0009] US. Pat. No. 1,856,969 by Reiter and Gabor in 1932 
describes a type of phototherapy to modulate living tissue that 
Was used as part of empirically based treatment of skin dis 
orders. The patent describes the use of UV to stimulate the 
natural defenses of the body and includes a ?lter to prevent 
light less than 320 nm from reaching the skin since light 
beloW 320 nm Was felt to be detrimental to treatment. This 
patent illustrates that most early UV therapy Was focused on 
the stimulating effects of UV and not on its germicidal quali 
ties since the Wavelengths considered germicidal (less than 
315 nm) Were considered to be detrimental to treatment. 

[0010] Treatment of skin diseases continued on an empiri 
cal basis through the 1950’s With a multiplicity of units being 
produced each With different approximated guidelines of hoW 
to best use them for various disorders and infections. The 
empirical basis of treatment of these disorders Was based on 
judiciously applying ultraviolet light to cause erythema (red 
ness) to develop. The treatment Was then adjusted to bring 
about various degrees of sunburn depending on the disorder 
being treated. Mild erythema (slight redness) Was assigned a 
value of E-1 While the most sever erythema (blistering and 
third degree burns) Was assigned an E-4. The most serious 
infections often merited a treatment bringing about an E-4 
erythema for a sustained period. The induced erythema Was 
thought to stimulate the body’s defenses, particularly increas 
ing the bactericidal ability of the blood. Although this Was the 
most prevalent theory of Why this treatment Was ef?cacious 
there Was no absolute consensus. The lack of consensus With 
regard to hoW this type of treatment Worked and the large 
number of lamps that Were being marketed in the ?rst half of 
the tWentieth century Was probably beWildering to many doc 
tors. Nevertheless, in the absence of modern antibiotics, even 
the empirical use of ultraviolet light to treat skin infections. 

[0011] Electrotherapy and Actinotherapy; A Textbookfor 
Student Physiotherapists authored by E. B. Clayton and pub 
lished in 1952 (2” edition) shoWs of the state of the art of 
phototherapy before use of modern antibiotics caused this 
form of treatment to lose favor. This 45 1 page textbook covers 
all aspects of phototherapy beginning With the theory, the 
type of equipment used, and treatment of various types 
including skin disorders. Portions of the treatment section for 
skin tuberculosis read as folloWs, “The Finsen-Lomholt Water 
cooled carbon arc or the Kromayer lamp is employed. The 
latter has the disadvantage that its spectrum includes a quan 
tity of abiotic rays Which are not required and merely increase 
the super?cial in?ammation . . . . The initial exposure is 

commonly ?ve times a fourth degree erythema.” (pgs. 413 
414). This extract of the book notes that abiotic (germicidal) 
light is not considered helpful for treatment. It also shoWs that 
dosages for treatment Were based on empirically derived rules 
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of thumb related to hoW severe the produced erythema Was. 
Although almost 100 pages are devoted to describing various 
treatments there is no mention of dosage in terms of the 
amount of energy applied nor is there mention of any speci?c 
Wavelengths. 
[0012] Empirical use of ultraviolet light had a number of 
undesirable side effects including a Wide spectrum of light 
including high amounts of UVB light noW knoWn to be car 
cinogenic. The relative amount of germicidal light Was 
extremely loW Which made any possible bene?t due to its 
inclusion very small and probably undetectable. Also, the 
cure rate Was also much loWer than can be expected With a 
Well understood theory of hoW germicidal light inactivates 
organisms. Thus, When safer and more effective antibiotics 
Were introduced in the 1950’s the practice of empirically 
using ultraviolet light to treat skin infections Was quickly 
abandoned by the medical profession in general. While ultra 
violet light may still be used to empirically treat skin infec 
tions in isolated areas of the World its general use has been 
abandoned. 
[0013] There appears to have been no application of the 
recent advances in genetics, air handling, and Water and 
WasteWater disinfection to transform the use of germicidal 
light to scienti?cally treat skin infections. The present inven 
tion combines these advances in other ?elds to develop a 
novel and unique approach to scienti?cally treat skin and nail 
infections in a manner that increases the ef?cacy of treatment 
While minimiZes the side effects of such treatments. 
[0014] It should be noted that there is no indication that this 
type of treatment Was ever applied to treating nails. While the 
text discuss a number of different disorders affecting different 
parts of the body (including skin, nose, throat, anus, etc.) the 
mention of nails is not found in any text. This is understand 
able given the limited ability of nails to transmit light in the 
ultraviolet range and the fact that nail diseases in general are 
less life threatening than skin infections. 
[0015] With the discovery of DNA and RNA in the 1950’s 
and the subsequent development of the science of genetics, 
scientists discovered that each cell contained a highly sophis 
ticated code to permit the cell to reproduce. Later, it Was 
found that certain kinds of ultraviolet light could damage this 
genetic material and prevent a cell from reproducing. This 
knoWledge Was applied in many different ?elds including 
Water and WasteWater treatment (Where it Was used to disin 
fect Water), to sterilize surfaces, and to steriliZe air. HoWever, 
it Was not applied to treat skin infections. This Was perhaps 
due to several reasons including the folloWing: 

[0016] The Widespread knoWledge that UV cannot pen 
etrate deeply made it a less than ideal candidate to treat 
an infection that may not be totally on the surface of the 
skin. Since it is Well documented that light less than 300 
nm cannot penetrate beloW the ?rst 0.1 mm of the epi 
dermis, its penetrating poWer Was thought insu?icient to 
treat infections. 

[0017] The old empirical use ofUV light made use of 
lights of varying characteristics and strengths. It is likely 
that these lights cause some pain and tenderness due to 
their non-speci?city. Also, since there Was no knoWl 
edge of hoW the light cleared infections, it Was applied in 
a broad manner and probably had signi?cant side effects 
due to overdosing including cancer due to high level of 
carcinogenic UVB. 

[0018] While Niels Finsen is cited as the founder of photo 
therapy by many authors, the industry has all but abandoned 
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the use of ultraviolet light to treat infections and has instead 
concentrated on the visible and infrared part of the spectrum 
from 400 nm to 1000 nm. The invention disclosed in this 
application builds on Finsen’s Work and extends it in neW and 
innovative Ways by combining neW knoWledge of genetics 
and advances in the use of ultraviolet light to disinfect air and 
Water. The combination of diverse knoWledge that the inven 
tion builds on is not generally knoWn to those skilled in the art 
of phototherapy and When this neW knoWledge is combined 
With the existing empirical base provided by Finsen and other 
early phototherapists, neW and unobvious applications of this 
knoWledge to prevent and treat skin and nail infections 
emerge. 
[0019] The germicidal effects of electromagnetic radiation 
have been recogniZed for many years. Currently, germicidal 
radiation (also called germicidal light) is being used more 
frequently at Water and WasteWater treatment plants to render 
Water-bome pathogens harmless. Additionally, germicidal 
light is used to sterilize and purify air, particularly in labora 
tories and medical establishments. It is also used to steriliZe 
equipment at such establishments. Germicidal light has been 
used for several years to steriliZe and disinfect food products 
and has also been used to sanitiZe the hands to prevent the 
spread of germs to other persons. Over the years a large body 
of knoWledge concerning germicidal radiation has been 
developed but has not been systematically applied to address 
important problems With respect to treating skin and nail 
infections. 
[0020] While germicidal light is not used by itself to treat 
skin and nail infections, certain types of light that are consid 
ered non-germicidal are frequently combined With other 
additional chemical compositions to treat existing psoriasis, 
rashes, and other non-infectious skin disorders. It is believed 
that this type of treatment, termed phototherapy, is effective 
because it has an immunosuppressive effect that permits the 
body to heal itself. Recently, lasers alone have been success 
fully used to treat psoriasis by clearing localiZed chronic 
plaque. Phototherapy is also used to treat jaundice Which is 
also a non-infectious disorder. HoWever, no method of using 
germicidal light alone has been discovered to successfully 
treat existing microbial infections nor has this type of light 
been used as a preventative treatment for infections. 

Perceived Inability of Germicidal Light to Penetrate Skin and 
Nails 

[0021] The main reason that germicidal light alone has not 
been used to prevent and treat skin and nail infections is that 
the most potent germicidal light is in the UVC range (240 nm 
to 300 nm) and this type of light cannot penetrate the skin and 
nails deeply. Signi?cantly less than 1% of UVC light can 
penetrate nails or the deeper than 0.1 mm of skin (i.e. does not 
penetrate the epidermis). 
[0022] UVB (280 nm 315 nm) While not generally consid 
ered germicidal also has some limited germicidal ability par 
ticularly in the 280 nm to 300 nm part of the spectrum. 
HoWever, it also has limited penetrability. For example UVB 
it is estimated that less than 5% of light at 315 nm penetrates 
the epidermis (approx. 0.125 mm deep) or nails. The per 
ceived inability of germicidal light to penetrate the skin and 
nails is one of the major reasons that this type of light has not 
been used to prevent and treat infections. If the light cannot 
penetrate skin or nails and reach the infectious organisms it is 
of no use for treating infections. HoWever, it is this difference 
betWeen no penetration and little penetration that the dis 
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closed invention makes innovative and unobvious use of. 
Although less than 1% of UVC light can penetrate nails or can 
penetrate skin deeper than 100 mm, the less than 1% of light 
that is able to penetrate deeper is suf?cient to prevent and treat 
skin and nail infections When applied properly. 
[0023] Less than 8% ofUVB at 315 nm can penetrate nails 
or skin deeper than 0.1 mm. This is much greater than the 
penetration ability of UVC, hoWever, given its loWer germi 
cidal ability it does not appear to be as effective treatment for 
infections. Nevertheless, UVB can be used germicidally to 
treat infections if it is of su?icient strength or if it is accom 
panied by use of UVC light. 
[0024] There is a large amount of literature that teaches that 
germicidal light cannot penetrate Well. The Physics Society in 
its July 1998 paper titled “Ultraviolet Radiation and the Pub 
lic Healt ” notes that “UVC, used in germicidal lamps, 
causes almost no damage because of its loW penetration of the 
skin.” INTERSUN, the global UV project sponsored by the 
United Nations indicates only 5% of UVC (at 254 nm) can 
penetrate to approximately a quarter of the depth of the epi 
dermis and less than 1% can penetrate more than half the 
depth of the epidermis. Many other sources indicate that UVC 
cannot penetrate the skin or can do so only to a very limited 
depth. HoWever, this depth is suf?cient to treat infections 
since organisms are particularly susceptible to germicidal 
radiation. Also, With respect to nail infections, the additional 
radiation required to penetrate the nail is not harmful to the 
nail since it is composed of dead keratin. 

UVC Dose Necessary to lnactivate Microbes 

[0025] A second major reason the use of UV has not been 
contemplated are the relatively high doses necessary to kill 
some types of organisms. HoWever, it has been found that it is 
not alWays necessary to kill organisms to render them harm 
less. It has been shoWn that organisms can be inactivated and 
rendered harmless using far less radiation than is necessary to 
kill them completely. Therefore, although its use as a treat 
ment for has been overlooked in the past, electromagnetic 
radiation of su?icient strength can be used to treat human and 
animal infections. 
[0026] There are several publications that note that organ 
isms can be rendered harmless With less energy than is nec 
essary to kill them. The inactivation of organisms by damag 
ing RNA and DNA and preventing them from reproducing is 
a method used for disinfection of highly transparent potable 
Water and is discussed in more detail in US. Pat. No. 6,129, 
893 to Bolton. The patent describes a method for preventing 
the replication of Cryplosporidium parvum using ultraviolet 
light. This patent indicates that ultraviolet light can inactivate 
bacteria (as measured by infectivity studies) at doses that are 
3% to 10% of the dose necessary to actually kill the organisms 
(as measured by microscopic examination of ruptured mem 
branes). The method of inactivation is described as damage to 
the DNA and RNA that prevents the organisms from replicat 
ing. Since organisms are not long-lived in themselves, they 
are unable to continue to cause infection if they are unable to 
replicate. This discovery is applied to the inactivation of a 
pathogen in drinking Water to render it safe for consumption. 
HoWever, the method is only to irradiate one type of organism 
and then only in highly transparent drinking Water. 
[0027] The EPA guidance manual on Alternate Disinfec 
tants and Oxidants (April 1999) devotes Chapter 8 to a dis 
cussion of germicidal UV as a disinfectant for drinking Water. 
The manual notes that a UV Wavelength of 240 to 280 nm is 
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highly absorbed by the RNA and DNA of a microorganism. 
The absorbance of UV by the organisms results in the damage 
to the organism’s ability to reproduce. The damage is often 
caused by the dimeriZation of pyrimidine molecules. A dimer 
is a molecule consisting of tWo identical simpler molecules 
and dimeriZation is the process of linking the tWo molecules 
together. DimeriZation of the pyrimidine molecules distorts 
the DNA helical structure. The EPA guidance manual also 
notes that the dose to inactivate 90% of most types of organ 
isms is very loW With a typical range of 2 to 6 mJ/cm2. The 
manual notes that the germicidal radiation can be generated 
by a number of sources including a loW pressure mercury 
lamp emitting at 254 nm, a medium pressure lamp emitting at 
180 to 1370 nm, or lamps that emit at other Wavelengths in a 
high intensity pulsed manner. 
[0028] It should also be noted that it is not necessary to kill 
and inactivate all organisms in order to effect a cure for an 
infection. If a substantial amount of the organisms that have 
caused an infection are destroyed or rendered inactivated, the 
body’s natural defenses Will often Work to clear the infection. 
Thus, doses of radiation necessary to effect a cure for an 
infection may be much loWer than those necessary to steriliZe 
an area by total destruction of all organisms. 
[0029] While germicidal light is often said to inactivate 
organisms by damaging their genetic material and preventing 
them from reproducing, germicidal light can be applied in 
higher dosages to damage enough of the genetic material in 
the cell and prevent it from being able to properly function, 
thus leading to its death. For example, mRNA (messenger 
RNA) is used to control cellular processes, hoWever, if it is 
severely damaged it cannot perform this function. 

UVB as Germicidal Light 

[0030] While UVB light has some germicidal qualities it is 
not often used to inactivate or kill organisms. Although 
approximately 10 times more UVB light can penetrate a given 
depth of skin and nails than UVC light, its loWer germicidal 
ability does not make it as attractive a choice. UVB is also 
considered the band of UV that causes the most damage to 
skin, and is therefore considered more carcinogenic, and is 
thus avoided Where possible. Additionally, UVB light is more 
dif?cult to generate than UVC light Which is easily produced 
by a mercury vapor light (Which is similar in manufacture to 
a ?uorescent light). Nevertheless, UVB can be used germi 
cidally and it may be desirable to use it particularly in con 
junction With UVC light. The portion of the UVB range that 
adjoins the UVC range (UV B betWeen 280 nm and 300 nm) 
is almost as germicidal as some bands of UVC. Practitioners 
of photobiology sometimes term UV light betWeen 200 nm 
and 300 nm as ‘Far UV’ light (as opposed to ‘Near UV’ light 
Which is often listed in the range of 300 to 400 nm). The 
current invention makes use of UVB for treatment of skin and 
nail infections even though mo st literature ignores its germi 
cidal ability and teaches that UVB does not penetrate deeply. 
The invention also encompasses NearUV light in the range of 
200 nm to 300 nm due to its germicidal nature. 

Other Types of Germicidal Radiation 

[0031] US. Pat. No. 5,900,211 shoWs that it is not only 
UVC and UVB that can be used to steriliZe Water and food. 
Dunn discusses the use of pulsed polychromatic light to inac 
tivate organisms. Dunn uses much loWer amounts of energy to 
inactivate an organism than Would be necessary to destroy it 
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by excessive heat. However, Dunn applies this technology 
only to the sterilization of food and other materials and does 
not contemplate it for treatment of skin or nail infections. This 
is presumably because of the perceived inability of the light to 
penetrate the skin or nails. (Dunn indicates that the effective 
ness of the light is dependent on its ability to penetrate a 
medium effectively). 

Prior Art Using UVC to Kill and Inactivate Organisms 

[0032] Us. Pat. No. 6,254,625 shoWs an apparatus to ster 
iliZe hands to prevent the spread of infectious organisms. This 
apparatus makes use of light to sanitiZe the surface of the 
hands to prevent infections from spreading form person to 
person. In all of its embodiments it consists of at least tWo 
items. It makes use of light to kill organisms along With either 
additional light to recuperatively heal the skin that has been 
irradiated or the use of oZone to increase the ef?ciency of 
killing organisms. The recuperative healing light uses the 
phenomenon of photoreactivation Whereby cells and organ 
isms that have been damaged can repair the damage using 
such light of a different Wavelength. The inclusion of this 
source of light as part of the apparatus indicates that the 
disease causing organisms are killed and not merely inacti 
vated otherWise they too could repair damage by photoreac 
tivation. Additionally, the patent does not contemplate the use 
of the apparatus to treat an infected area of the skin and it 
makes no mention of treating any infection of the nails using 
electromagnetic radiation. The apparatus relies on the use of 
ozone to kill any organisms under the nails or shielded by 
debris and notes incorrectly that UVC radiation Will not pen 
etrate the nail. Rosenthal appears to be unaWare that germi 
cidal UV can penetrate the skin and nails and is used to treat 
infections. 

[0033] Us. Pat. No. 6,283,986 discusses the use of UVC 
radiation to treat Wounds. HoWever, Johnson only applies 
radiation to open Wounds, Which can be readily exposed, and 
notes that “given the short Wavelength of UVC, no penetra 
tion of the underlying tissue Would be expected.” The patent 
makes no mention of skin infections and mention of the nails 
is totally absent from the application although nail infections 
comprise a large part of total dermal infections. Possibly, the 
reason the patent only applies to Wounds is that by their nature 
Wounds are open and therefore capable of having their sur 
faces irradiated. It appears that Johnson is also unaWare of the 
ability of germicidal radiation to penetrate the skin and nails. 
[0034] It is the misconception that germicidal light cannot 
penetrate skin and nails Which has in part prevented the dis 
covery that germicidal radiation, including UVC, can indeed 
penetrate to a depth suf?cient to be used successfully to treat 
skin and nail infections. While it is true that skin and nails Will 
absorb a large percentage of UVC, enough can penetrate to 
successfully treat and prevent infections. 

Nail Infections and Treatment 

[0035] Nail infections are a particularly signi?cant problem 
in the general population, affecting an estimated 5% to 15% 
of the overall population (approximately 15 to 45 million 
people). This percentage is signi?cantly higher in the elderly 
age group and among athletes and other individuals Who have 
high moisture in the area of their feet. Nail infections are often 
caused by fungus and this type of infection is termed onycho 
mycosis. Currently, the preferred method for the prevention 
and treatment of skin and nail infections relies on application 

Sep.25,2008 

of topical medications or ingestion of medications. These 
medications are used to treat an existing infection, not for the 
prevention of an infection. Cost of treatment using medica 
tion can be betWeen $600 and $1200 per course of treatment 
and can last three to six months. This is the amount of time it 
takes the medication to be incorporated into the nails. Another 
one to six months is then required for the nail to become free 
of infection. It should be noted that the cost noted above does 
not take into account doctors visits or diagnostic testing to 
determine if the patient can tolerate the medication (many 
medications can cause liver and other damage). 

[003 6] The problems associated With oral anti-fungal medi 
cations can be illustrated by several quotes from the clinical 
testing results for ItraconaZole capsules (marketed under the 
trademark name SPORANOX® manufactured by Janssen 
Pharmaceutica, Inc.) Which Was the most prescribed anti 
fungal in the Us. in 1996. The success rate for treatment of 
onychomycosis of the toenail is reported as folloWsi“Re 
sults of these studies demonstrated mycological cure . . . in 

54% of the patients. Thirty-?ve (35%) of patients Were con 
sidered an overall success (mycologic cure plus clear or mini 
mal nail involvement With signi?cantly decreased signs) and 
14% of patients demonstrated mycological cure (clearance of 
all signs, With or Without residual nail deformity)” With 
respect to adverse reactionsi“SPORANOX® has been asso 
ciated With rare cases of serious hepatoxicity, including liver 
failure and death. Some of the cases had neither pre-existing 
liver disease nor a serious underlying medical condition.” In 
a study of 602 patients treated for systemic fungal disease, 
“treatment Was discontinued in 10.5% of the patients due to 
adverse events.” 

[0037] Although it is relatively rare, death is another seri 
ous side effect of oral antifungal medications. The tWo most 
popular antifungal medications used to treat nail infections 
Were implicated in a total of 35 deaths in the Us. betWeen 
1996 and 2001. This caused the FDA to issue a health advi 
sory for these medications in May of 2001. 

[0038] Although the currently preferred method of treating 
nail infections is the use of oral medication, there are several 
other treatments in use. There are several topical applications 
that are used to treat fungal infections of the nails. HoWever, 
these have an even poorer success rate than oral medications 
and the infections tend to re-occur. 

[0039] Us. Pat. No. 6,090,788 to Lurie shoWs destruction 
of fungal infections of the nails by introducing a pigment into 
an infected area and then heating the pigment in the infected 
area With a laser in order to raise the temperature high enough 
to kill the organisms that have caused the infection by exces 
sive heating. The energy listed in the preferred embodiments 
is from 5 to 15 J/cm2 and it has a relatively long Wavelength 
(generally 500 to 700 nm) in order to penetrate the nail. The 
high amount of energy and long Wavelength of light is great 
enough to cause excessive heating of the surrounding area 
thus destroying the organism. HoWever, such high energy 
levels also have undesirable effects on the surrounding tissue 
such as redness and sWelling. 

[0040] Lurie incorrectly notes that typical fungi do not have 
pigment and, therefore, cannot absorb light. HoWever, the fact 
is that all cells Will absorb light at a Wavelength of betWeen 
240 and 280 nm since the DNA in the organism Will absorb 
light at this Wavelength. Also, Lurie is not cogniZant of the 
fact that organisms can be inactivated at much loWer doses 
than those necessary to destroy them by excessive heat. Due 
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to the complicated nature of the treatment, US. Pat. No. 
6,090,788 is proposed as a method to treat an infection, not to 
prevent one. 

[0041] Lurie also notes that the light he uses for treatment 
must easily penetrate the skin Which is something that UV 
does not do. Thus it Would not be a natural extension of 
Lurie’s treatment to use UV light to directly treat nail infec 
tions. 

[0042] Lurie notes “there is a Widely recognized need for, 
and it Would be highly advantageous to have, a phototherapy 
method for treating skin and nail pathogens and a pharma 
ceutical composition to effect same.” It may be added that 
there is even a greater need to treat skin and nail infections 
using germicidal radiation only, particularly if said radiation 
could be effective at a much loWer dose and not have the side 
effects associated With high energy lasers. 

BACKGROUND OF INVENTION 

Objects and Advantages 

[0043] Accordingly, several objects and advantages of the 
invention are: 

[0044] a) A method to treat the infected area directly thus 
eliminating the need to use oral medications that affect the 
entire body, may have serious side effects (including death), 
and have only a limited success rate for treating infections. 

[0045] b) A means to treat the infected area using a very 
small number of treatments (one to perhaps a doZen) over a 
short period of time (generally less than one month) as 
opposed to the need to ingest oral medication periodically for 
three months or more. 

[0046] c) A means to treat an infection much more cost 
effectively that the current cost of $600 to $1200 per course of 
treatment plus the additional costs of monitoring for side 
effects, etc. 
[0047] d) A means to treat an infection in much less time 
(generally less than a month) as opposed to having to Wait 
three to six months for the medication to take effect. 

[0048] e) A means, Which treats the infection using a mini 
mal amount of radiation to inactivate the organism instead of 
radiation treatments using a large amount of energy to destroy 
an infection by excessive heat, thus greatly reducing the pos 
sibility of complication arising from using excessive amounts 
of energy and limiting the amount of potentially carcinogenic 
radiation that may need to be applied to effect a cure. 

[0049] f) A means to directly treat infections using radia 
tion Without ?rst having to introduce an arti?cial pigment into 
the area about to be treated, saving time, cost, and eliminating 
the chance of side effects resulting from inducing the pig 
ment. 

[0050] g) A means to prevent infections before they become 
established, by limiting costs, potential side effects, and the 
long length of time it takes to act. 

[0051] h) A means to prevent infections before they become 
established infections Which is particularly valuable to those 
Who are predisposed to infections or persons that such infec 
tions pose a signi?cant threat. 

[0052] i) A device to accomplish the methods and means of 
preventing and treating skin and nail infections. 
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[0053] Still further objects and advantages Will become 
apparent from a consideration of the ensuing description and 
draWing. 

SUMMARY OF INVENTION 

[0054] The invention, a method, means, and device to pre 
vent and treat skin and nail infections, uses germicidal light to 
inactivate and/or kill the organisms that cause infections. The 
method of treatment consists of irradiating the portion of skin 
and nail to be treated using electromagnetic radiation of a 
germicidal nature. The method utiliZes a previously unrecog 
niZed ability of germicidal light to penetrate the skin and nails 
suf?ciently to successfully treat and prevent infections. Said 
electromagnetic radiation damages the organisms that cause 
skin and nail infections and disables their ability to replicate. 
Without the ability to replicate the organism cannot continue 
to infest the skin and nails. The infection is thereby prevented 
if it has not yet begun and it is cured if the infection already 
exists. Said invention is also referred to as “method to treat 
infections” in this application. The device disclosed is that 
necessary to execute the method described in this application. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1-10 

[0055] FIG. 1 is a diagram shoWing Light passed through a 
prism With light split and shoWing UV and Infrared. 
[0056] FIG. 2 is a chart shoWing the Divisions of Ultravio 
let light (UVA, UVB, UVC, Far UV, and Near UV). 
[0057] FIG. 3 is a diagram shoWing the Depth of penetra 
tion of Ultraviolet through skin. 
[0058] FIG. 4 is a diagram shoWing the Formation of pyri 
midine dimers (crosslinking) in DNA cause by Ultraviolet 
light. 
[0059] FIG. 5 is a chart shoWing the relative effectiveness 
of various Wavelengths on pyrimidine dimeriZation 
(crosslinking) of DNA. 
[0060] FIG. 6 is a chart Action spectra shoWing relative 
effectiveness of pyrimidine (6-4) pyrimidone adduct forma 
tion of DNA at various Wavelengths. 
[0061] FIG. 7 is an environmental perspective of the inven 
tion for treating nail infection or disorder. 
[0062] FIG. 8 is an environmental perspective of the inven 
tion for use in treating skin infection such as acne. 
[0063] FIG. 9 is an environmental perspective of the inven 
tion for use in preventing nail infection. 
[0064] FIG. 10 is an environmental perspective of the 
invention for use in preventing a skin infection such as ath 
letes foot. 
[0065] FIG. 11 is an environmental perspective of a Device 
to prevent and treat skin and nail infections 
[0066] FIG. 12 is an environmental perspective of Special 
attachments to device to prevent skin and nail infections 
according to a further embodiment of the invention. 

DETAILED DESCRIPTION OF INVENTION 

[0067] Why Germicidal Light has not been Used Before to 
Treat Skin and Nail Infections 
[0068] The germicidal effects of electromagnetic radiation 
have been recognized for many years. HoWever, the germi 
cidal effects of electromagnetic radiation have not been rec 
ogniZed as a method for the prevention and treatment of skin 
and nail infections. 
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[0069] While UV light Was used in the ?rst half of the 
tWentieth century to treat skin diseases, the primary range of 
the light Was the UVA range and to the lesser extent the UVB 
range. The UVC range Was known to be germicidal during 
that time period, although hoW it exerted its germicidal effect 
Was unknoWn. There Was no thought of using the primary 
germicidal range of UV to treat skin and nail infections 
because the literature taught that such light could not pen 
etrate beloW 0.1 mm. Thus the bene?t attributed to UV light to 
heal infections Was not primarily germicidal. In fact one text 
explains the biological effect of germicidal radiation as fol 
loWs, ‘Ultraviolet light is absorbed by the protoplasm of the 
organism, and in a culture, or on the surface of a Wound, one 
bacterium Will protect a second lying under it; so in a lesion 
like lupus very little bene?cial therapeutic effect can be con 
sidered to be due to the bactericidal effects of the rays. It is due 
rather to the increased lymphocytosis in the part, and stimu 
lation of cicatrisation.’ (Russel, 1993, pg. 288). This percep 
tion that germicidal light could not penetrate suf?ciently to be 
effective caused researchers to concentrate on the longer 
ranges of UV (above 315 nm) instead of the part of the band 
considered germicidaliprimarily light beloW 315 nm. 
[0070] Additionally, phototherapy in the ?rst half of the 
tWentieth century Was primarily an empirical art. There Were 
a large number of different kinds of lamps in the UV and 
non-UV range and their multiplicity prevented standardiza 
tion of applied dosages. Instead, approximate exposure times 
Were given for irradiation for an approximate length of min 
utes at an approximate distance. These distances and times 
Were very approximate and depended on the type of lamp 
(each having different spectral characteristics) and hoW long 
the lamp had been in service since their output declined 
rapidly With use. One very detailed text on this type of treat 
ment (“Ultraviolet Radiation and Actinotherapy” by E. H. 
Russel and W. K. Russel, 1933, 748 pages) has no mention of 
dosages to be applied in terms of energy such as Joules or 
Watt-seconds per area treated but relies solely on rule of 
thumb application rates. 
[0071] There are several possible reasons Why UVC Was 
not given an adequate trial as a treatment for skin and nail 
infections: 

[0072] First, it is commonly knoWn that Wavelengths less 
than about 315 nm cannot easily penetrate nails. Based 
on experience and limited testing of the penetration of 
254 nm through human nail plates, less and 1% and 
perhaps as little as 0.001% (1/1o,oooth) of 254 nm light 
penetrates through a typical nail plate. HoWever, it is 
important to recogniZe that fungi are mainly in the nail 
plate, and that UVC is so easily generated and so Well 
tolerated that even an attenuation of 10,000 does not 
preclude effective treatment. For example, fungi are 
killed in a fraction of one second of exposure to a small 
UVC lamp. Multiplying this fraction of a second by 
10,000 results in an exposure time in the range of 10 to 
100 minutes of exposure time, i.e. a practical treatment 
time. Additionally, stronger UVC lamps are available 
Which can further reduce necessary exposure times. Of 
particular importance also are lasers Which can be tuned 
to a precise Wavelength of light focused on the area of 
infection and Which can deliver high doses of coherent 
light that can better penetrate skin, nails, and the infec 
tions themselves. 

[0073] A second reason that UVC therapy has not been 
tried may be a misunderstanding of the dose required to 
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effect a cure. It is not necessary to kill an organism to 
prevent it from sustaining an infection. It is possible to 
inactivate an organism by damaging its genetic material 
suf?ciently to prevent it from being able to reproduce. 
Extensive studies of the dosage of UVC necessary to 
inactivate pathogenic organisms in drinking Water indi 
cate that often only 3% to 5% of the energy necessary to 
kill a particular organism (as measured by rupture of an 
organism’s membrane) Will cause it to be inactivated (as 
measured by infectivity studies) and unable to sustain an 
infection. Since this research has been conducted in a 
non-medical ?eld it is not general knoWledge in the 
community of researchers most likely to investigate 
treatment of infected nails. Many bacteria experience a 2 
log inactivation (99%) at a dose of 1 to 12 mj/cm2 Which 
is an achievable dosage even taking into account a loW 
skin and nail transmissivity rate. 

[0074] A third reason that phototherapy With UVC has 
not been pursued is that feW people other than a mam 
malian photobiologist appreciate hoW Well UVC expo 
sure is tolerated by human skin. It is Well knoWn that the 
UVC dose causing a minimal (pink) sunburn is substan 
tially less than that for UVB. This minimal sunburn dose 
is ample for germicidal effect on super?cial organisms. 
Much less Well knoWn, is the fact that human skin tol 
erates hundreds of times this minimal dose very Well. 
Thus large doses of germicidal radiation can be safely 
applied With the high doses being capable of offsetting 
the loW penetration rate of UVC. 

[0075] Finally, many investigators may not recogniZe 
that it is likely that der'matophytes, the major cause of 
nail infections and some skin infections, are quite sen 
sitive to UVC. The organisms are adapted to living With 
out UV exposure. Moreover, UVC is ?ltered by the 
oZone layer and is not present in nature on the earth 
surface. Thus these organisms may lack the capability to 
repair damage to their genetic materials caused by expo 
sure to UVC and may also be more sensitive than most 
bacteria. 

[0076] These reasons also apply to the treatment of skin 
infections. HoWever, it is the treatment of nail infections that 
is a particular problem since it is very dif?cult to treat such 
infections With the nail shielding the organisms Which cause 
the infections. 

OvervieW of UV Light 

[0077] Ultraviolet light has a shorter Wavelength than vis 
ible light as can be seen in FIG. 1. 

[0078] Ultraviolet light is commonly broken doWn into 
three ranges labeled UVA (315 nm to 400 nm), UVB (280 nm 
to 315 nm), and UVC (100 nm to 280 nm). 
[0079] Another common division of UV light is Far UV 
(100 nm to 300 nm) and Near UV (300 to 400 nm). These 
ranges are graphically illustrated in FIG. 2. 
[0080] Each light range has different effects on skin and 
organisms. UVA is the most commonly used light range for 
tanning. It is also the Wavelength use for ‘black lights’ Which 
?uoresce. UVA is also a light range commonly used for pho 
totherapy of psoriasis in conjunction With photoactive agents. 
[0081] UVB is considered the most destructive Wavelength 
With respect to the skin and also the most carcinogenic. The 
amount of UVB emitted by tanning bulbs is regulated by the 
FDA due to its carcinogenicity. Nevertheless, 308 nm light (in 
the high range of the UVB range) has been successfully used 
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to treat psoriasis. It appears that this autoimmune disorder 
responds Well to this Wavelength and its bene?cial effect 
appears to outweigh its potential carcinogenicity. 
[0082] UVC is the shortest Wavelength and it generally has 
the least effect since it is easily absorbed and does not pen 
etrate any media Well. Since it is absorbed by the air, none of 
the UVC light emitted from the Sun reaches the surface of the 
earth. It does not penetrate the skin deeply and it has not been 
used in the treatment of skin disorders due to its loW ability to 
penetrate the skin. However, UVC has the most germicidal 
effect organisms. If these organisms are suspended in the air 
or are on the surface of an object, UVC light canbe used to kill 
and inactivate them. Again, due to its limited penetrability 
UVC has not been used to treat skin and nail infections since 
it Was assumed that enough light Would not penetrate to make 
treatment effective. 
[0083] FIG. 3 shoWs the various depths that UV Will pen 
etrate the skin. This ?gure is reproduced from the report titled 
Ultraviolet Radiation (Environmental Health Criteria: 1 60, 
published by the World Health Organization in 1994. ISBN 
92 4 157160 8. This report is referenced in this report as ‘UV 
Radiation, 1994’). The ?gure Was numbered 4.1 in the text. 
This ?gure shoWs that While UVA light penetrates deeply into 
the epidermis and dermis, UVB light has much less ability to 
penetrate, and UVC can only penetrate part of the epidermis. 
At a depth of 75 um, 20 times more UVA light at 365 nm 
penetrates than UVC at 254 nm. This is Why UVC has not 
been used to treat skin and nail infections. 
[0084] HoWever, loW penetration is not the same as no 
penetration and the invented treatment relies on the fact that 
even a small amount of penetration can be used to success 
fully prevent and treat infections. UVC is so Well tolerated by 
the skin and nails that it is possible to apply large enough 
doses that su?icient germicidal light penetrates deeply 
enough to prevent and treat skin and nail infections. 
[0085] Germicidal light is a speci?c composition of matter 
composed of photons vibrating at speci?c Wavelengths. It is 
the speci?c Wavelengths of these photons that permit the light 
to interact With the biomolecules in the genetic material of the 
cells. During this interaction the light causes these biomol 
ecules to deform and crosslink in a manner that prevents the 
cells from being able to replicate properly. 

HoW UV Light Affects Cells and Organisms 

[0086] As discussed in a UV text (UV Radiation, 1994), 
UV light effects cells and organisms by a biomolecule as it 
absorbs a photon and produces an excited state Which elevates 
the energy level of the absorbing molecule. The primary 
products of this interaction are reactive species or free radi 
cals. DNA is the most critical target for damage by UVB and 
UVC radiation. While numerous types of UV induced DNA 
damage have been observed, the most signi?cant reaction is 
the formation of cyclobutane-type pyramidine dimers as 
shoWn in FIG. 4 (reproduced from FIG. 6.1, UV Radiation, 
1 994). 
[0087] The formation of pyrimidine dimers is the most 
signi?cant form of UV induced damage to cells and organ 
isms and occurs primarily in the UVB and UVC ranges. It is 
especially strong in the UVC range and peaks at 260 nm. FIG. 
5 beloW (reproduced from FIG. 6.2, UV Radiation, 1994). 
This ?gure clearly illustrates that outside the UVC and UVB 
range a signi?cant amount of pyrimidine dimers do not form. 
For example, it takes approximately 100,000 times the dose 
of UVA light at 320 nm to form a pyrimidine dimer than it 
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does With UVC light at 260 nm. This illustrates Why UVC has 
such a potent germicidal effect compared With other Wave 
lengths of light. 
[0088] A second type of pyrimidine dimer formed by UV is 
the thy (6-4) pyo photoproduct. This dimer also contributes to 
UVC’s ability to damage the DNA of an organism. FIG. 6 
shoWs the effectiveness of various Wavelengths of light to 
form the 6-4 pyrimidine dimer. 
[0089] Crosslinking of DNA prevents an organism or cell 
from replicating properly. DNA is a double helix that ‘unZips ’ 
to provide a template for the cell to reproduce. Crosslinking 
of the DNA is analogous to a kink in a Zipper that prevents it 
from unzipping properly. When the DNA is unable to form a 
template due to crosslinking the organism cannot reproduce 
properly and thus cannot sustain an infection. This type of 
inactivation of an organism by damaging its genetic material 
and preventing it from reproducing Will be de?ned antigeno 
sis for the purposes of this application. Processes that induce 
this antigenosis Will be referred to as ‘antigenotic.’ 
[0090] Because UV is absorbed by nucleic acids it also has 
the ability to damage additional functions of a cell or organ 
ism. Although this damage is less than that caused to DNA, if 
it is in sul?cient quantity it can inactivate or even kill an 
organism. This damage is not caused by excessive heat but 
results from additional radiation damage to the organism such 
as damage to the RNA of an organism. Since RNA is used as 
a messenger Within a cell, its destruction Will result in the cell 
being effectively destroyed even before it eventually dies 
from damage to its DNA. Thus, in addition to inactivating and 
organism by damaging its DNA With UV, it is possible to 
destroy an organism With high doses of UV by disrupting its 
cellular processes. It may take 10 to 100 times the inactivation 
dose to actually kill the organism immediately instead of just 
damaging its ability to reproduce, hoWever, due to the loW 
heat generating ability of UV, this dose can be administered 
Without causing excessive heating. Destruction of an organ 
ism in this Way by damaging its genetic material and prevent 
ing it from reproducing Will be referred to as ‘geneticide.’ It 
should be noted that although damage to the genetic material 
of a cell is the major cause of geneticide other processes can 
contribute to this process Which are not directly genetic such 
as destruction of mRNA and the rupture of cell membranes. 

Organism Destruction by Excessive Heat 

[0091] Destruction by excessive heat is a different method 
used to kill organisms than irradiation by UV. Excessive 
heating to kill and organism relies on heat’s ability to denature 
proteins in a cell. Denaturing of proteins by excessive heat 
causes the secondary, tertiary, or quaternary structure of pro 
teins to unfold so that the protein’s original properties, espe 
cially their biological activities, are diminished or eliminated. 
For example, an enZyme When it is subjected to high levels of 
heat unfolds and is no longer able to catalyZe reactions. 
Destruction of an organism in this manner by excessive heat 
Will be referred to as thermocide. A classic example of ther 
mocide caused by the denaturing of protein by excessive heat 
is the boiling of an egg. The heat causes the protein albumin 
to denature and change from a clear liquid to a White solid. 
This example also illustrates the generally irreversible nature 
heat denaturiZation of protein since there is nothing that can 
be done to the White of the egg to reverse the process. 
[0092] Most unicellular organisms contain in the range of 
50% protein and less than 5% DNA (for example E. coli 
contains about 55% protein and about 3% DNA). Destroying 
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an organism by adding excessive heat to denature proteins 
(thermocide) in general is thus relatively easy if enough heat 
is added. This excessive heat Will effectively denature 
approximately half of the organism and this massive destruc 
tion Will effectively destroy the cell. Targeting the destruction 
of the genetic material (geneticide) is a more precise means of 
inactivating an organism. 

Distinction BetWeen Thermocide (DenaturiZation Caused by 
Excessive Heat) and Geneticide (Destroying an Organism by 
Damaging Genetic Material) 

[0093] Thermocide or destruction by excessive heat relies 
on denaturing proteins by applying large amounts of thermal 
energy While geneticide uses UV to destroy an organism 
using precise radiation to speci?cally target the genetic mate 
rial of an organism. Geneticide or destroying an organism by 
damaging its genetic material can be accomplished by the use 
of UV irradiation and does not generate excessive heat and 
therefore requires signi?cantly less thermal energy than ther 
mocide. 
[0094] For example, Lurie (US. Pat. No. 6,090,788, col 
umn 12, line 5) notes that yeast can be destroyed by applying 
excessive heat at a dosage of 5 to 10 J/cm2 With a laser using 
632 nm light. HoWever, the inactivation dose for 99.9% 
destruction of common yeast is listed as approximately 0.01 
J/cm2 in the inactivation charts provided by Atlantic UV 
Which is 500 times less energy. It should also be noted that 
even at the same dosage of UV there Would be much less 
heating of the skin or nails since UVC at 254 nm only pen 
etrates to 100 um While 632 nm light penetrates 10,000 
um-100 times deeper. The greater depth of light penetration 
of the 632 nm generates signi?cantly more heat than 254 nm 
light at the same energy. Thus the difference in heat generated 
to kill yeast using a 632 nm laser is signi?cantly more than 
500 times that generated to kill yeast using UVC light at 254 
nm. 

[0095] Damage of the genetic material of an organism can 
cause it to die by apoptosis, Which is a term generally used in 
biology and is de?ned as the programmed death of an organ 
ism. Apoptosis occurs When an organism sustains enough 
damage that it cannot continue to function or it is damaged so 
that it cannot reproduce. When an organism receives this 
amount of damage it self-initiates the process of apoptosis 
Which results in the ultimate disintegration of the organism. 
Apoptosis is different from necrosis the latter being a term 
generally used in biology and applied to a cell destroyed by 
outside forces such as the application of excessive heat. Irra 
diation of an organism can destroy an organism by both 
apoptosis (causing damage to the genetic material of an 
organism and causing it to initiate its oWn destruction) and by 
necrosis (by overWhelming the cell by damaging its genetic 
material in a Way that it can no longer function effectively) 
While the addition of exces sive heat must rely solely on necro 
s1s. 

[0096] Several analogies that may serve to illustrate the 
difference betWeen destruction by excessive heat and destruc 
tion by radiation damage due to UV more clearly are listed 
beloW: 

[0097] Destroying an organism by geneticide using UV 
is analogous to targeting a cell With a precise bullet 
(UV C radiation) instead of using a napalm bomb to 
destroy it (thermocide or destruction by excessive heat) 

[0098] Destroying an organism by geneticide using UV 
is similar to sending in a special forces team to destroy a 
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speci?c installation (the genetic material of a cell) 
instead of saturation bombing of an area (thermocide or 
destruction by excessive heat). 

Summary of Treatments of Infected Nails 

[0099] Treatment can be illustrated by the application of the 
invention to four infected nails. Germicidal light Was gener 
ated using a loW pressure mercury lamp of Which approxi 
mately 95% of its light Was emitted at a Wavelength of 253.7 
nm. This is illustrated in FIG. 7. 

[0100] The dosage of UVC light Was conservatively 
applied in order to ensure that the National Institute for Occu 
pational Safety and Health (N IOSH) guidelines for daily 
irradiation of skin Were not exceeded. The skin surrounding 
the nails Was fully protected from the UVC irradiation by 
shielding. Preliminary transmissivity measurements on sev 
eral healthy nails indicated that approximately 0.01% to 
0.03% of UV 254 penetrates a healthy nail. Due to the limited 
test data it Was assumed that 0.05% of UV 254 penetrated the 
nails. Total irradiation of the skin under the nail Was limited to 
less than 6 mj/cm2, the NIOSH standard for daily exposure. 
HoWever, it should be noted that this guideline is very con 
servative and it is possible to treat infections using a much 
higher dose Without generating signi?cant side effects. 

Summary of Testing and Results of Treatment of Infected 
Nails 

[0101] The table beloW summarizes the results of testing on 
four nails tested: 

Total 
Average Effective 
Dose per Total Dose (0.05% 

Nail No. of Exposure Dose penetration) 
No. Exposures (mj/cm2) (mj/cm2) (mj/cm2) Effect on nail 

1 8 44.5 356 0.2 Complete Cure 
2 7 319 2,233 1.1 Some 

Improvement 
3 4 573 4,5 83 2.3 Moderate 

Improvement 
4 4 573 4,583 2.3 Major 

Improvement 

[0102] The success of treatment at the dosages of UV254 
administered indicate that the organisms that cause onycho 
mycosis are more sensitive or have a similar sensitivity to 
UV254 as bacteria, many of Which exhibit tWo log (99%) 
inactivation in the range of 1 to 12 mj/cm2. 

[0103] A brief summary of each nail, irradiations, and the 
results of irradiation is included beloW. 

[0104] Nail liLarge toe nail had an aggressive fungal 
infection that spread rapidly. Nail Was treated in several ses 
sions over three months. Nail greW out clear. HoWever, after 
one year there may have been a recurrence of the infection. 
Nail Was treated again and greW out clear. 

[0105] Nail 2iLarge toe nail had moderate to severe ony 
chomycosis. Nail had been removed several years earlier. 
HoWever, the nail regreW and the infection Was reestablished 
causing pain When shoes Were Worn. The nail shoWed mod 
erate improvement and the pain associated With the infection 
Was alleviated. HoWever, the nail did not fully clear nine 
months after treatment. 
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[0106] Nail 3iLarge toe nail had severe onychomycosis 
With erosion of skin at base of nail. Nail had been removed 
several times and person had used tWo different types of oral 
medications (at a cost of more than $1,000) With no improve 
ment. Person had not used medication for fungal infection for 
several years before treatment. Less than three months after 
treatment the nail shoWed signi?cant improvement. The skin 
at the base of the nail has regroWn and neW nail at the base of 
the nail is growing in much clearer. Most of the dark material 
under the nail has been eradicated. 
[0107] Nail 4iLarge toe nail had severe onychomycosis. 
Nail had been removed several times and person had used tWo 
different types of oral medications (at a cost of more than 
$1,000) With no improvement. The person had not used any 
medication for fungal infections for several years prior to 
irradiation. Less than three months after irradiation the nail 
shoWs signi?cant improvement. After one year, the base of 
the nail is groWing in almost clear and most of the dark areas 
under the nail are eradicated. 

Discussion of Treatment 

[0108] Results have been exceptional given the limited 
amount of data and the conservative application of germicidal 
light used during treatment. When the ?rst tWo nails Were 
treated it Was assumed that 10% of the germicidal light pen 
etrated the nail. Subsequent discussions and literature search 
indicated that this Was too high and a value of 2% Was used. 
Later preliminary testing With a UV meter indicated that 
actual light penetration Was betWeen 0.01 and 0.03%. There 
fore, the amount of light used to treat nails 4 and 5 Was 
increased. 
[0109] Summary4Of the four nails treated, one of the nails 
exhibited complete cure, one nail has exhibited moderate 
improvement, and tWo nails have shoWn very signi?cant 
improvement but have small areas Which require additional 
treatment. Given that fungal infections do not clear by them 
selves and the dif?culty in establishing the exact dose neces 
sary for complete inactivation of an organism the initial 
results indicate signi?cant ef?cacy. The data also suggest that 
a higher dose of light at 254 nm can be easily tolerated and 
Would improve the e?icacy of the treatment. It is estimated 
that doses of 10 to 20 I may be easily tolerated and that a series 
of 6 to 12 such treatments Would cure a majority of nail 
infections. Since the nail itself is composed of dead keratin it 
is also possible that much higher doses of UVC light may be 
applied to the nails on the order of 100 J or more Without 
signi?cantly affecting the person being treated. 

Illustrations of Treatment of Skin and Nail Infections 

[0110] FIG. 7 shoWs the invention being used to treat a nail 
infection such as an infection caused by a dermaphyte such as 
T rubrum. The invention may also be used to treat a nail 
disorder such as psoriasis of the nail. 
[0111] FIG. 8 shoWs the invention being used to treat a skin 
infection such as an outbreak of acne caused by acne vulgaris. 

[0112] FIG. 9 shoWs the invention being used to prevent a 
nail infection by irradiating the nail and killing any organisms 
before they can establish an infection. 

[0113] FIG. 10 shoWs the invention being used to prevent a 
skin infection such as athletes foot by irradiating the skin and 
killing any organisms before they can establish an infection. 
FIG. 11 illustrates a device to prevent and treat skin and nail 
infections. 
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FIG. 12 illustrates special attachments for use With the treat 
ment device. 

Description of Invention 

[01 14] The method for the prevention and treatment of skin 
and nail infections combines the use of germicidal electro 
magnetic radiation With the previously unrecogniZed ability 
of said radiation to penetrate the nails and skin suf?ciently to 
inactivate organisms. 
[0115] The folloWing descriptions of the presently contem 
platedbest modes of practicing the invention is not to be taken 
in a limiting sense, but is made merely for the purpose of 
describing general principles of the invention. The scope of 
the invention should be determined With reference to the 
claims. 
[0116] As noted above, the present invention employs ger 
micidal radiation to prevent and treat skin and nail infections. 
To successfully treat these infections it is necessary to provide 
radiation that is germicidal in nature, is able to penetrate to the 
site of the infection, and is delivered for suf?cient time and 
strength to inactivate the organism. Treatment is accom 
plished using the previously unrecogniZed ability of germi 
cidal radiation to penetrate the skin and nails suf?ciently to 
inactivate organisms that cause skin and nail infections by 
antigenosis or by geneticide. Also, although the description of 
the invention discusses human subjects, it is contemplated 
that the treatment can be used on both human and animal 
subjects. 
[0117] Said method is capable of being used to treat and 
prevent all infections of the skin and nails. This includes the 
most common skin infections caused by Staphylococcus 
aureus, Streptococcus pyrogenes, Psuedomonas aeriginosa, 
and all other organisms that cause skin infections. It also 
includes nail infections caused by bacteria, fungi (including 
dermaphytes, yeasts, molds, and non-dermaphyte molds), 
viruses, and other microbes. Speci?cally, organisms causing 
fungal infections of the nails, said infection being termed 
onychomycosis, are included in the list of organisms treated 
by this invention. 

UVC 

[0118] The most recognized form of germicidal radiation is 
UVC radiation in the range of 240 to 280 nm. Radiation in this 
range is absorbed by the RNA and DNA of a cell and damages 
the ability of the cell to reproduce. Other forms of radiation 
have also been found to inactivate organisms including 
sources at 180 to 1370 nm and sources that emit in a high 
intensity pulsed manner. Although the applicant does not 
Wish to be bound by any theory of operation it is believed that 
major effect of germicidal light is to damage an organism’s 
genetic material so that it cannot reproduce or by damaging 
the cell so that it cannot survive and reproduce. 
[0119] It has been observed that organisms vary in their 
resistance to the effects of germicidal radiation. For most 
organisms a dose of5 to 10,000 mW-sec/cm2 (5 mJ/cm2 to 10 
J/cm2) is suf?cient to completely inactivate an organism. This 
dose may be applied in several separate sessions, hoWever, 
care must be taken that the organism does not recover and 
reinfest the area betWeen treatments. 

[0120] Preferentially, the radiation of choice is UVC is the 
range of 254 nm that can be readily produced by a loW 
pressure mercury lamp or by a laser. This type of radiation 
source (generally a mercury lamp) is readily available from a 
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number of manufacturers and there is an extensive list of 
inactivation doses for many organisms for this type of light. 
This type of radiation is the preferred form of radiation for 
disinfection of air in buildings such as hospitals and for dis 
infection of drinking Water. A laser With output at approxi 
mately 254 nm is another preferred source of radiation. A 
laser could be more effective that a loW pressure mercury 
lamp since it can precisely deliver a speci?ed dose or radia 
tion Without affecting adjacent areas. This type of laser is 
currently commercially available and is used for manufactur 
ing integrated circuits among other things. A medium pres 
sure or high pressure mercury lamp are other preferred 
sources of germicidal radiation since they emit strongly in the 
UVC range While also containing other light ranges that are 
knoWn to be germicidal such as UVB light. Xenon lamps also 
emit a signi?cant portion of their light in the germicidal range 
and their non-germicidal component appears to Work syner 
gistically to reduce the amount of light needed to inactivate 
organisms. 
[0121] It is possible to treat a nail or skin infection using 
radiation Without knoWing What organism causes the infec 
tion. HoWever, doing so runs the risk of not applying su?i 
cient radiation or conversely applying too much radiation. 
Therefore, When treating an infection it is best to make a 
diagnosis of What organism is causing the infection. Once the 
cause of the infection is determined, the practitioner can 
consult the UVC charts that are available from the manufac 
turers of UV germicidal lamps. Many charts list have more 
than 50 different types of organisms listed along With the dose 
of UV at 254 nm that is required to inactivate them. Charts are 
available from the American Ultraviolet Company (Murray 
Hill, N.J.), from the Atlantic Ultraviolet Corporation (Haup 
pauge, N.Y.), other manufacturers, and research organiZa 
tions. The inactivation charts provided by American Ultravio 
let Company and Atlantic Ultraviolet Corporation are 
incorporated by reference as if fully set forth herein. 
[0122] Once the infection causing organism is determined 
and the necessary UV dose at 254 nm is obtained from a chart, 
a practitioner must determine the distance from the skin the 
lamp must be held and the amount of time the area should be 
irradiated to deliver the necessary dose. Manufacturers of 
germicidal lamps provide formulas to determine these param 
eters. 

Example of Treating a Skin Infection 

[0123] To treat a skin infection a practitioner Would gener 
ally: 

[0124] 1. Determine the cause of the infection if possible 
[0125] 2. Determine the dose of germicidal radiation 

necessary to treat the infection taking into account the 
attenuation of the light as it penetrates 

[0126] 3. Determine hoW to apply the dose or doses of 
radiation 

[0127] 4. Apply the dose or doses of radiation 
[0128] 5. FolloW-up after treatment to determine if the 

infection has been stopped 
[0129] 6. Provide additional treatment as necessary 

[0130] Step liDetermine the cause of infectioniTo 
determine the cause of infection, a practitioner Would either 
culture the organism from a sample or Would make a clinical 
determination based on visual observations. If a de?nitive 
determination is not possible the practitioner Would choose 
the mo st likely organism that requires a high inactivation dose 
in order to be sure that enough radiation Was applied. 

Sep.25,2008 

[0131] Step 2iDetermine the dose of germicidal radia 
tioniNext a practitioner Would determine the dose of ger 
micidal radiation necessary. Inactivation doses are available 
in charts for many of the organisms that cause skin infections 
such as Staphylococcus aureus (6,600 uW-sec/cm2 to inacti 
vate), Streptococcus pyrogenes (4,200 uW-sec/cm2 to inacti 
vate), and Psuedomonas aeriginosa (10,500 uW-sec/cm2 to 
inactivate). Additionally, neW organisms are being added all 
the time as more research is directed to the germicidal effects 
of UVC light. If an organism is not listed on the chart it may 
be possible to infer a probable inactivation dose. For example, 
of the more than 50 types of bacteria listed on one manufac 
turer’s chart, all the inactivation doses ranged from 2,500 to 
26,400 uW/cm2 (With the exception of Anthrax spores Which 
are especially dif?cult to treat and have a published range of 
9,400 to 135,000 uW/cm2 to inactivate). Therefore, if a person 
had a bacterial infection and it Was not possible to determine 
its cause, a practitioner could irradiate the infection at the 
high end of the range to inactivate the infection. As germicidal 
treatment of infections becomes more common it is expected 
that the inactivation doses of all major organisms Will be 
determined With greater accuracy and more de?nitive doses 
can be determined. 

[0132] Skin infections are often dif?cult to treat due to 
encrustations and debris and due to the sensitivity of the area. 
While germicidal radiation is attenuated by encrustations and 
debris the radiation, if applied in the proper dose, enough 
should be able to penetrate suf?ciently to have a bene?cial 
effect. HoWever, good practice Would dictate that as much as 
possible all encrustations and debris be removed to maximiZe 
the bene?ts of the radiation. It may also be necessary to spread 
out treatments in particularly deep infections so that the sur 
face of the infection may heal and permit easier application of 
radiation to the deeper levels (clear skin Will permit radiation 
to pass more easily than thick and opaque encrustations. It 
may also be desirable to use a high poWered tunable laser to 
provide precisely targeted UV to more recalcitrant infections. 
[0133] The actual transmissivity of the light through the 
skin and the infection must also be taken into account to 
determine the proper dose. Since germicidal light is easily 
absorbed by the skin and any obstruction of caused by the 
infection, an assumed transmissivity rate of 1% is prudent 
unless the practitioner has more de?nitive information avail 
able. Thus if a practitioner determined that the infection Was 
caused by Staphylococcus aureus (a common cause of skin 
infections) he could then consult a chart and determine the 
inactivation dose Was 6,600 uW-sec/cm2. Assuming a trans 
missivity rate of 1% and applying a factor of safety of 2 the 
practitioner Would then need to apply 1,320,000 uW-sec/cm2 
to treat the infection. 

[0134] Step 3iDetermine hoW to apply the dose of radia 
tionilf a practitioner determined that the infection Was 
caused by Staphylococcus aureus and desired to apply a total 
dose of 1,320,000 uW-sec/cm2 to treat the infection this could 
be achieved using a G6T5 loW pressure lamp available from 
American Ultraviolet Company (AUC). The lamp uses ?x 
tures and ballasts that are similar to ?uorescent lights. The 
lamp provides 11 uW/cm2 at a distance of one meter. If the 
lamp is held 6-inches from the infection the multiplication 
factor to convert the applied radiation 1-meter to the amount 
applied at 6-inches is obtained from a chart supplied by 
American Ultraviolet Company. This factor is 12. Therefore a 
G6T5 lamp held 6-inches from an infection Will irradiate 132 
uW/cm2 (1 1 uW/cm2 times the conversion factor of 12). Thus, 
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a practitioner Would need to irradiate a person for 10,000 
seconds (1,320,000 uW-sec/cm2 divided by 132 11W/CII12) at a 
distance of 6-inches from the infection to inactivate an organ 
ism. Thus the total irradiation Would be 167 minutes (10,000 
seconds) and it may be desirable to apply the UVC in several 
doses in order to minimize the amount of UVC in each dose. 
This Would also permit the ?rst dose to kill the organisms 
closest to the surface and provide time to clean the infection 
of the dead organisms and retreat the infection. The depth of 
effective treatment Would thus be greatly increased 
[0135] Step 4iApply the radiation4Continuing With the 
example, the total dose of 167 minutes could be applied in 
three consecutive daily sessions of 56 minutes each and prior 
to each irradiation the infection could be cleaned to remove 
debris and any organisms that might have been destroyed by 
prior irradiations. A device similar to that shoWn in FIG. 11 
may be used to administer the radiation. 
[0136] Step SiFOllOW-UP after treatmentiOnce the 
radiation has been applied, the practitioner Would schedule 
regular folloW-up appointments to monitor the status of the 
infection. If the infection continued to spread, the practitioner 
Would apply additional doses of radiation to inactivate the 
organism causing infection. 
[0137] Step 6iProvide additional treatment as neces 
saryiIt is possible that the original treatment of the infection 
may not completely cure the infection due to a number of 
factors such as loWer penetration of light than anticipated. If 
the infection has not totally cleared the practitioner Would 
estimate the amount of clearing and apply additional treat 
ments to provide complete eradication of the infection. For 
example, if only 50% of the infection had appeared to clear 
the practitioner may decide to apply 200% of the radiation 
originally applied to take into account that the remaining 
infection may be tWice approximately tWice as resistant as the 
half that Was originally eradicated. 

Treatment of Skin, Teeth, and Membranes of the Mouth 

[0138] The same procedures used to treat skin could be 
used to treat the skin, teeth and membranes of the mouth 
although special care must be taken to prevent damage to 
these sensitive areas. 

[0139] Germicidal light could be used to treat infections 
such as cold sores of the mouth caused by the Herpes virus. 
[0140] Germicidal light could also be used on a periodic 
basis for by persons infected With the HIV or Aids virus to 
loWer the virus counts in their saliva. This may have an overall 
positive effect on the health of the person and Would also 
decrease the infectiousness of the saliva. 
[0141] Germicidal light could also be used to prevent and 
treat dental caries. This Would be especially effective once the 
teeth Were cleaned of all plaque and the light could be easily 
delivered to the surface of the teeth and gums. 
[0142] Special devices similar to those shoWn in FIG. 12 
can be used to deliver light in the con?ned space of the oral 
cavity. One device Would be an oral insert similar to a mouth 
guard that Would form around the teeth. The insert could 
come in preformed siZes for a variety of mouth shapes or it 
could be specially formed for the person being treated. The 
insert Would be made of a materially that is optically trans 
parent to germicidal light such as fused quartz or Te?on and 
Which could also diffuse the light evenly over the area being 
treated. The device could then be used to irradiate the inside 
of the mouth in a relatively uniform manner. Another special 
device could be used to deliver germicidal to a point in order 
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to treat a speci?c cold sore or a speci?c cavity. The germicidal 
light could be delivered via a ?exible Wand Which designed to 
transmit germicidal light. 
[0143] Example of Treating a Nail Infection 

Use of UVC (200 nm to 280 nm) 

[0144] Treating a nail infection is similar to treating a skin 
infection With added attention to one item in particular. When 
treating a nail infection, special account must be taken of the 
transmissivity of the nail since its transmissivity is so loW. 

[0145] While it Would be best to obtain a sample of the nail 
to be treated and determine its transmissivity it may be pos 
sible to extrapolate transmissivity from data collected on 
other nails. 

[0146] For example, the transmissivity of UVC at 254 nm 
through nails Was measured using an IL1771 research grade 
radiometer. The data indicate that nails have a range of trans 
missivity for UVC at 254 nm of approximately 0.01% to 
0.001%. In the absence of actual data it may be possible to 
approximate nail transmissivity as 0.05% to conservatively 
calculate the loWest theoretical effective dose. 

[0147] Continuing the example, if it Was determined that 
the nail could only transmit 0.05% of light at 254 nm and the 
organism required a dose of 9,000 uW-sec/cm2 then at total of 
2,000 times that amount of energy, or 18,000,000 uW-sec/cm2 
(18 Joules/cm2) Would need to be applied to inactivate the 
organism. A factor of safety Would also need to be applied 
similar to that for skin infections. Therefore, a dose of 
approximately 36 Joules/cm2 Would be appropriate if a factor 
of safety of tWo Was applied. 

Use ofUVB (280 nm to 315 nm) 

[0148] It is important that the transmissivity for the Wave 
length of treatment be taken into account. For example, if nail 
treatment Were to involve the use of UVB light at 313 nm, it 
Would be necessary to determine or estimate the transmissiv 
ity of light at that Wavelength speci?cally. Light penetration 
for this Wavelength of light may be estimated from FIG. 3 to 
be approximately 10 times greater than light at 254 nm. 
Therefore, in the absence of actual nail transmittance data it 
may be estimated to be approximately 0.5% or ten times the 
value used for UVC 254 nm light. 

[0149] The relative germicidal e?iciency of UVB must also 
be taken into account along With transmissivity. Light at 313 
nm has approximately 1/1000 the germicidal effectiveness of 
light at 254 nm. 

[0150] Therefore, although ten times more light may pen 
etrate the nail, the dose Would still have to be increased 100 
fold (1000 divided by 10) to achieve approximately the same 
germicidal ability. For example, if it Was determined that the 
nail could only transmit 0.05 percent of light at 254 nm and 
the organism required a dose of 9,000 uW-sec/cm2 to inacti 
vate, a total of 200,000 times that amount of energy, or 1,800, 
000,000 uW-sec/cm2 (1,800 Joules/cm2) Would need to be 
applied to inactivate the organism. This dose Would probably 
be impracticable to apply Without thermal injury to the patient 
and illustrates Why UVB is not generally considered germi 
cidal in and of itself. 

[0151] It should be noted that While UVB at 313 nm is not 
particularly germicidal, light in the loWer UVB range, say 
around 280 to 290 nm is almost as germicidal as some UVC 
















