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Abstract

Nasal colonization with pathogenic bacteria continues to present challenges for
patients undergoing surgical procedures, and for the physicians that treat them.
Even as molecular medicine produces ever faster and improved data sets for cli-
nicians, it would benefit all medical personnel attempting to decolonize the nose
to better understand the historical nasal decolonization data with specific refer-
ence to the ecological niche for these bacteria, as it has been recorded for more
than a century. Much of the historical data points to the largest ecological niche
for nasal Staphylococcus aureus as the vibrissae of the vestibulum nasi. A careful
study shows that any topical antimicrobial preparation needs to successfully
penetrate the deepest recesses of these specialized nasal hair follicles, if decolo-
nization is to be adequately accomplished. This review highlights the most rele-
vant data of the last 140 years concerning the staphylococcal ecological niche of
the vibrissae. Also to be discussed will be a historical review of topical Mupiro-
cin. Almost thirty years after its FDA approval, Mupirocin is still the most
widely used topical antibiotic for decolonization therapy around the word. Cor-
respondingly, new experimental in vitro data will be presented showing the dif-
fering efficacy of Mupirocin against multiple strains of HA-MRSA and CA-
MRSA, based solely on the commercial topical formulation (non Mupirocin in-
gredients) that acts synergistically with the Mupirocin. Finally, the review will
discuss why an understanding of these historical data is a vital component to
integrate into any new or augmented nasal decolonization therapy.
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1. Introduction

Staphylococcus aureus (S. aureus) is a gram-positive cocci that is in the human
commensal microbiome. As a potential pathogen, S. aureus colonizes both the
skin and various mucosal surfaces in several parts of the body, including the
nasal cavity (nares) of roughly 30% of the human population [1]. In the last
twenty-five years, different groups have studied many of the different elements
thought responsible for long-term staphylococcal nasal carriage. Many of these
studies have placed an emphasis and focus on bacterial binding to mucosal cells
and secreted mucin [2] [3] [4] [5]. There is no doubt that S. aureus exists in se-
creted mucin and on mucosal cells in the nares, but the larger historical record
disagrees with the assertion that the mucosal area, posterior to the vestibulum
nasi, is the primary ecological niche for this important commensal bacteria.

If the goal for infection prevention is to achieve the highest possible efficacy in
any nasal decolonization therapy, the correct etiologic factors first need to be
identified in the accurate ecological niche [6]. This requires a thorough under-
standing of historical data describing S. aureus colonization in the nose. With
the primary instrument of nasal decolonization therapy today being the topical
application of Mupirocin nasal (in a paraffin base), a reexamination of the suc-
cesses and failures of this therapy from a historical perspective is essential. To
reinforce this historical chronology, new experimental data will be presented
showing the differing efficacy of Mupirocin against multiple strains of HA-
MRSA and CA-MRSA based solely on the commercial formulation itself (non
Mupirocin ingredients) that acts synergistically with the Mupirocin.

The following is a chronological and retrospective examination of bacterial
colonization of the nares. This analysis has documented the primary ecological
niche inside the nares for S. aureus colonization as the vibrissae (specialized hair
follicles) of the vestibulum nasi. It is the premise of this review, after examina-
tion of 140 years of reports and scientific evidence, that failure of nasal decolo-
nization therapy occurs not only as a result of bacterial resistance to topical an-
timicrobials and bacterial biofilm formation, but also in large measure from a
failure of the topical antimicrobial to fully penetrate the deep recesses of the nas-
al vibrissae.

Careful study of these largely overlooked segments of noteworthy historical
data produced by physicians and researchers in the last 140 years illuminates
past errors in nasal decolonization efforts and leads to insights for future thera-
py. In analyzing these reports, there are a series of accumulated facts and data
that a priori point conclusively to vestibulum nasi and the vibrissae as the area of
greatest nasal staphylococcal colonization. Specifically, the vestibulum nasi is the
distinctive band of skin, containing the vibrissae and sebaceous glands. This
band of skin is the ecological niche for Staphylococcal colonization, to a far
greater extent than the deeper mucosal tissue posterior to the vestibulum nasi.
This report will examine the historical literature regarding Staphylococcal car-
riage in the human nares, culminating with the most recent modern reports, up

to the present day. Emphasis will be placed on the vestibulum nasi and the vi-
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brissae as the center of Staphylococcal colonization in the nares. At the end of
this review, discussions will focus on future considerations for improved decolo-

nization therapy in this important area.

2. The Vibrissae

Ab initio the data concerning infections in the nose began to accumulate in
1875, when William Spence Watson, a surgeon in London warned other physi-
cians to be aware of sycosis (inflammation of the hair follicles caused by bacte-
ria) that “sometimes attacks the roots of the hair (vibrissae) within the entrance
to the nostril” [7]. Seven years later, Ogston isolated S. aureus from purulence in
a human abscess, and observed “grape-like” clusters, which he termed “Staphy-
lococci,” from the Greek staphylé (“bunch of grapes”) [8]. In 1884, the German
physician and microbiologist Rosenbach further classified the Staphylococci as
“aureus” when he observed the bacterial colony’s characteristic yellow or gold
pigmentation [9].

In 1886, Baber first described the nares as being “lined with skin, which is
plentifully supplied with short stout hairs, vibrissae” [10]. This was followed in
1902 by one of the first accurate descriptions of the human nares in a medical
text from Cunningham, the Scottish physician and anatomist. Cunningham’s
anatomy text defined the vibrissae, and depicted these hairs in an accurate ana-
tomical figure of the nostril. Cunningham explained, “The vestibule is lined by
skin and contains hairs and sebaceous glands. The hairs or vibrissae, springing
from its lower half, are stout and curved downwards to guard the entrance to the

nostril.” [11]. Then in 1906, in his text The diseases of the nose and its accessory

sinuses, Lack described the anterior part of the nasal vestibule as “studded with
short stout hairs, or vibrissae, and contains large sebaceous and sweat glands.”
[12].

It is these vibrissae and sebaceous glands, first described from 1886-1906 as
the skin that makes up the most anterior section of the nares, that are in most
cases overlooked by the modern medical community in staphylococcal decolo-
nization studies. However, as will be shown below in this historical and chrono-
logical review, these specialized hair follicles are of the utmost importance when
attempting to achieve successful decolonization of the human nares. Also over-
looked when discussing staphylococcal nasal carriage, is the presence of vellus
hair follicles and sebaceous glands surrounding the vestibulum nasi that can

harbor 8. aureus [13].

3.1889-1900—The First 11 Years of Data regarding
Bacteria in Human Hair Follicles

Two of the earliest mentions in the medical literature of microorganisms in in-
fected hair follicles are from Park and Wright in 1889 [14] and Park for a second
time in 1891 [15].

Park described a self-experiment conducted by German physician Max Bock-

hart, where Bockhart introduced a minute portion of “cultures of aureus and al-
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bus” on the skin of his own forearm, about the size of a silver dollar. It was re-
ported that after “rubbing in” this inoculum, that within 24 hours pustules had
formed with most of the pustules being perforated by hairs. After one week, only
two pustules remained, but they then developed into large blisters and boils that
caused recurrence of the pustules in the same area for up to three months. To
this day, this infection of the hair follicle is known as Bockhart impetigo, which
is a superficial follicular pustular eruption involving hairy areas [16] [17]. This
self-experiment by Bockhart at the end of the 19" century, appeared to support
that the bacteria could in fact 1) colonize and 2) infect human hair follicles.

Park also described the self-experimentation of another German physician
and pathologist Curt Schimmelbusch, who was an early developer of mechanical
methods of sterilization and disinfection for surgical procedures [18]. Schim-
melbusch rubbed into unbroken skin pure cultures of staphylococcus pyogenes
aureus, and experienced pustules that broke out on his skin. As a pathologist,
Schimmelbusch then 1) excised an area of the infected skin, 2) prepared and sec-
tioned the biopsy, and 3) gram stained the skin sample with contrast. Upon mi-
croscopic examination of these samples, Schimmelbusch found “no injury to the
skin tissues”, but that the staphylococcus had followed the hair shaft down into
its follicle, and there proliferated, and reported that the infection of the tissues
proceeded from the infected follicle.

In 1895, Thomson and Hewlett made a series of observations about bacteria in
the vestibulum nasi, while experimenting at King’s College Hospital in London.
In reporting their results, they stated the following: “The interior of the great
majority of normal nasal cavities is perfectly aseptic. On the other hand, the ves-
tibules of the nares, the vibrissae (nasal hairs) lining them, and all crusts formed
there, are generally swarming with bacteria.”

Thomson and Hewlett described:

1) “That in all bacterioscopic investigations of the nasal fossae, in all re-
searches as to the action of the nasal mucus, & c., a clear distinction must be
made between the vestibule of the nose and the proper mucous cavity. The
former is lined with skin, and is furnished with hairs and with sudoriferous
and sebaceous glands; it is not part of the nose cavity proper, but only leads
to it” and;

2) “In the dust and crusts of mucus and debris deposited among the vibris-
sae of healthy subjects microorganisms are never absent. They are rarely
scanty in number; as a rule they are abundant.” [19].

4. (1900-1925) Early Physicians Come to a Broader
Consensus Regarding the Microbiology of the
Vestibulum Nasi

In 1905, Shurly reported on Thomson and Hewlett’s work on the bacteriology in

the nose in his text A Treatise on diseases of the nose and throat, and similarly

reported that other researchers had come to parallel conclusions [20]. In 1913,

Allen defined an extensive protocol to clean the nasal vestibule and vibrissae

K2
035: Scientific Research Publishing

423



E. Bornstein

with soap, sterile water and alcohol, along with then utilizing a sterile speculum
to avoid the vibrissae when attempting to culture desired areas of the nose post-
erior to the vestibulum nasi [21]. This protocol was created to avoid cross con-
tamination with bacterial species from the vibrissae, and sebaceous glands of the
vestibule. In 1922, Phillips described the etiology of nasal furunculosis as caused
by pyogenic staphylococcus, which gain access to the subcutaneous tissues of the
nares through hair follicles (of the vibrissae) or the sudoriparous (sweat) glands
[22]. Four years later, Herzig reported on the efficacy of a combination of the
antiseptics Gentian Violet and Acriflavine, for the treatment of external bacterial

infections, such as nasal furunculosis [23].

By 1925, experimental and observational data strongly pointed to the vestibu-
lum nasi, and particularly the vibrissae as being most heavily colonized with S.
aureus. These data presented a strong early signal as to where future treatments
for nasal decolonization should be focused:

1) The skin of the vestibulum nasi;

2) The vibrissae of the vestibulum nasi; and

3) The sudoriparous glands of the vestibulum nasi.

5. (1926-1944) Determination that S. aureus in the
Vibrissae Follicles Can Spread to Other Areas of the
Body—At the Dawn of the Age of Penicillin

By the end of the 1920s, the landscape and understanding of S. aureus in the
nose, its spread to other areas, and a potential treatment regimen with the new
science of antibiotics began to emerge. In 1929, Fleming presented his famous
data concerning the in vitro eradication of staphylococcal colonies harvested
from the human nose in his seminal paper describing penicillin [24]. In 1930,
Robert Keilty, an American ophthalmologist, determined that the source of sta-
phylococcal infection of normal conjunctival sacs was from the nose [25] by way
of the lacrimonasal duct. In 1932, the Norwegian dermatologist Danbolt showed
that 35 patients with recurring nasal furunculosis had staphylococci with the
same biochemical properties in the nose and in the infected hair follicle lesions
in other areas. Danbolt suggested that the nasal staphylococcal colonization was
accountable for the recurrent skin infection, representing autoinfection (Ze., in-
fection from a source within the patient itself) [26].

In 1934, Davis conducted an early experiment concerning adequate masking
of operating room staff during surgery. He found that for each individual in the
operating suite, more staphylococci could be cultured from exhalation of the
staff when only the mouth was masked, compared to the mouth and nose being
masked [27]. In 1935 Conner, discussing the predisposing conditions to staphy-
lococcal skin infections stated that, “When once the skin has been infected irri-
tation of the hair follicles in which the organisms lurk predisposes to their active
growth, and friction may determine the site of a boil or a carbuncle.” [28].

In 1939, Gillespie, et al, demonstrated that there was an association between

nasal carriage and skin carriage of S. aureus, [29] and also in 1939, Devenish and
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Miles reported the positive finding of S. aureus in the nose of two surgeons, one
of which was reported to have far greater rates of surgical site infections. This
surgeon was also found to have S. aureus colonization on his hands and fre-
quently had punctured gloves [30]. One year later, there was a report of topical
administration of aluminum chloride by Veach, who treated a group of patients
with chronic Staphylococcal furunculosis in the nose with a 25% aqueous solu-
tion, producing a successful treatment outcome for all [31] [32].

In 1941, Delafield, et al, citing Fleming’s work tested sulphathiazole and a
sample of “newly purified” penicillin in snuff compounds, to attempt to elimi-
nate nasal carriage of staphylococci [33]. Delafield, found a great reduction in
nasal colonies that then returned to normal after the snuff therapy was discon-
tinued. They stated the following based on this early human decolonization

study:

“It may perhaps prove effective in curing nasal carriers of staphylococci or

in reducing the number of vegetative organisms, so that the carrier becomes

less dangerous as a source of infection to others.”

Also in 1941, Thomas presented evidence that the nasal carriage of staphylo-
cocci could be reduced (not eliminated) by patients utilizing a “chemotherapeu-
tic” snuff at an isolation hospital for diphtheria [34]. Thomas’s snuff ingredients
were sulpathiazole in magnesium carbonate. Thomas stated the following: “The
snuff tends to produce a reduction in numbers of Staph. pyrogens rather than
clearance which is in agreement with the findings of Delafield and Straker.
However, even partial success, producing only a temporary clearing or a reduc-
tion in number of pathogens, is undoubtedly of considerable value in minimiz-
ing cross-infection in wards by reducing numbers of pathogens sprayed in the

air.” Thomas continued, “... it might be beneficial, at least in resistant cases, to

perform some-kind of nasal toilet immediately before giving the snuff.”

In 1944, Miles, et al, stated after a human trial that: “The greater incidence of
nasal carriage and the greater profusion of Staph. aureus found in the nose of
carriers as compared with that on the skin of the wrist strongly suggests that the
nose is the primary source of the cocci found on the hand... but since we have
been able to show that nasal carriage is a relatively persistent state, it is clear that,
even if the initial infection takes place in the skin, the nose subsequently be-
comes the chief source of Staph. aureus in any one person.” [35]. In that same
year, Taylor, et al, [36] reported the successful use of penicillin spray in the

treatment of impetigo and furunculosis. Then in 1944, Gissane, et al, discussing

the importance of wound antisepsis for healing, clearly pointed to the nose, as “a
source from which a wound may become infected with Staphylococcus aureus”
[37].

In 1945, Lovell removed sections of skin, incubated them for 6 hours in a
moist chamber to permit the number of bacteria to increase. He then prepared,
stained and studied the sections microscopically. Lovell reported that the

“source of the resident flora in the skin” was the sebaceous glands [38] [39]. Also
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in 1945, Harkins described the early use of skin grafts to repair hernia incisions,
and warned of “introduction of infection” from bacteria contained within the
hair follicles of the graft [40].

Thus, by the end of World War II, it was the opinion of the vast majority of
physicians and scientists that the hair follicles and sebaceous glands of the vesti-
bulum nasi were the largest source of infective colonies of S. aureus. Physicians
of that time had determined that S. aureus could not only self-infect at distant
sites in a single person, but also could infect others. The further significant phi-
losophy put forward in this time frame was that, 1) an antimicrobial in the nose
could be used as a prophylactic to “diminish the number of existing pathogens
in the nasal cavities” and; 2) An antimicrobial in the nose would have to be con-

tinued for a long time to effect any permanent cure.

6. (1946-1970) Early Treatment Studies of Nasal
Staphylococcus Carriage

In 1947, Hobbs, et al, reported that patients receiving penicillin cream to both
skin lesions and the nose of patients with sycosis barbae, harbored the identical
type of bacteria, and that all but one patient healed to satisfaction with the peni-
cillin cream. Four patients relapsed with the same serological type of staphylo-
coccus, and two saw a recurrence with a different serological type. Hobbes sug-
gested that, a relapse of sycosis barbae would most likely to occur based on rein-
fection of the skin from the nose [41]. In 1948, Moss, et al, deduced that skin
carriage of S. aureus is dependent on nasal carriage in patients with normal skin.
When Moss employed local penicillin treatment (to the nose), but not systemic
treatment, the treatment reduced nasal S. aureus carriage from 97% to 37% and
simultaneously reduced skin carriage from 57% to 38% after five days of treat-
ment [42].

In 1950, Evans, et al in an extensive study of the bacteriology of normal skin,
showed that the bacterial count of the skin varies tremendously from individual
to individual, and from time to time on the same individual. They noted that the
colony count was much higher in areas well supplied with sebaceous glands, in
further confirmation of the conclusions of Lovell in 1945 [43]. In 1953, describ-
ing the treatment for recurrent boils caused by staphylococci, Anning stated:
“The bacterial population of the skin remains high for weeks after a boil has
healed, and these efforts to reduce the staphylococcal flora must be continued
for some time. Anning continued, “The nose of the patient is likely to be har-

boring numerous virulent staphylococci, although physical signs are absent” and

suggested “Careful cleansing of the nasal vestibule with soap and water several
times a day...” [44]. These suggestions of cleaning the nasal vestibule by Anning
supported the previously mentioned cleaning protocols of Allen in 1913 [21]
before taking bacterial samples posterior of the nares, and Thomas in 1941 [34]
prior to the application of “chemotherapeutic” snuff to reduce Staphylococcal
colonies in the nose.

In 1955, Gould conducted a study of multiple different topical antibiotics
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formulations in the nares, to attempt to prevent the infectivity of the staphylo-
coccus carriers, by suppressing their staphylococcinasal carriage. This study was
undertaken, as local measures of infection control in his hospital and “strict at-
tention to aseptic technique” were not proving adequate to prevent staphylococ-
cal infection. At the outset of the study, Gould stated: “Since the ultimate source
of infection in both hospital and non-hospital cases must be the nares of carriers
it is logical to attempt prevention by reducing the infectivity of the carriers, and
this may be achieved by suppressing their staphylococci.” Gould further believed
that, “The local application of antibacterial agents may temporarily remove the
organisms from the surface of the skin of the nares, but, as it is probable that the
sweat and sebaceous glands are also colonized, total eradication may not be so
easy to accomplish.” [45].

In his study, Gould showed that it was necessary to employ concentrations up
to 10,000 units per gram to the surface of the nares to penetrate into the seba-
ceous glands, and he continued the treatment for 14 days. He found that there
was a decline in colony numbers in all patients during the time of antibiotic ap-
plication and that seven days after the start of treatment no colonies could be
cultured from 96 out of 124 carriers (77%), and 69% of all treated carriers were
culture negative for two weeks or more after cessation of the therapy.

In his discussion, Gould stated that: “These experiments have shown that the
topical application of 1% antibiotic cream was effective in suppressing Staph
pyogenes in the human nose for an appreciably longer time than the cream was
applied.” Gould continued: “It is unlikely that the organism ceased to colonize
the skin glands of the nares but rather that it was not present on the surface at
the time of swabbing.”

Gould concluded, “However, even if this was so it is still reasonable to sup-
pose that the staphylococcus was not being passed to other sites on the body, nor
disseminated into the air and dust, and therefore that the infectivity of these car-
riers was reduced.” [45].

In 1959, Williams, et al, tested for post-operative wound sepsis in patients
with staphylococcal nasal carriage. They found that upon admission to a male
surgical ward in London, 38% carried Staphylococcus aureus in their nose, and
13% carried penicillin-resistant strains [46].

Williams, et al, then reported:

1) The incidence of post-operative staphylococcal wound sepsis was 2% in 342
patients who were never nasal carriers of staphylococci and 7.1% in the 380 who
carried at some time.

2) In about half the cases the sepsis was due to a staphylococcus of the same
type as was found in the nose, and of patients who were nasal carriers of one or
other of 10 apparently more virulent types, 35% had wound sepsis, in all cases
due to the nasal type of Staphylococcus.

In 1963, Varga and White found a noteworthy relationship between staphy-
lococci in both the nasal carriage and contaminated air samples, and that that

nasal administration of oxacillin not only decreased nasal colonization, but also
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decreased the aerial colonies of S. aureus [47] [48]. These data came 13 years af-
ter Moss employed local penicillin treatment (to the nose), but not systemic
treatment, and reduced nasal S. aureus carriage from 97% to 37% and simulta-
neously reduced skin carriage from 57% to 38% after five days of treatment [42].

In 1969, Montes and Wilborn found bacterial colonies present below the su-
perficial cells of the Stratum corneum in skin samples and in the openings to the

hair follicles, and associated with sebum [49]. They found that colony counts in-

creased with occlusion of the skin, and visualized “numerous dividing cells” with
electron microscopy.

In 1972 (one year after pseudomonic acid {Mupirocin} was purified), Selwyn
and Ellis experimented on full thickness skin biopsies from a series of “sudden
death” cadavers that had been stored under refrigeration for less than 24 hours.
They found mean bacterial counts ranging from 4400/cm® on the breast to
400,000/cm’ in the axillae. They further reported: [50]

1) An iodine preparation removed 95% of accessible organisms, and about
20% of Bacteria were protected by follicles, crevices, and lipids. Direct micro-
scopic evidence of a relatively deep flora was obtained by Gram-staining fresh
skin sections, and many bacteria were seen surprisingly deep in the larger hair
follicles of un-incubated skin.

2) After incubation these bacteria could be seen exuding up the mouths of fol-
licles, and more superficially located bacteria formed numerous colonies on in-
cubated sections, even after thorough disinfection of the skin. Commensals in
over 20% of people produced antibiotics against a wide range of pathogens.

Selwyn and Ellis concluded that the organisms were presumably protected
from disinfection by lipids, especially at the mouths of follicles, or by overlying
portions of the stratum corneum. They found no direct evidence that bacteria
are normally found in deep layers of the epidermis outside pilosebaceous units.

Therefore, by the beginning of the 1970s there was now little doubt that:

1) The hidden source of up to 20% of the resident flora that re-colonize the
skin is the colonized hair follicle, sebaceous glands, crevices, and lipids [50].

2) Skin carriage of S. aureus is heavily influenced by nasal carriage.

3) 1% (10,000 units per gram) topical antibiotics appear to be of a high enough
concentration to penetrate into the sebaceous glands and hair follicles of the
nares to lower colony counts.

4) Post-operative staphylococcal wound sepsis is higher in patients with sta-
phylococcal nasal carriage, and a person with nasal carriage can shed substantial
amounts of bacteria into the air.

5) Nasal administration of topical antibiotics not only decreased nasal coloni-
zation, but also decreased the aerial colonies of S. aureus, that can transfer to

other sites on the same person, and other people.

7.(1970-1985) Critical Information Gathered from the
Original Mupirocin Studies against S. aureus

In 1887, (five years after Ogston first isolated S. aureus (1882) from purulence in
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a human abscess) Baaderand Garre described the antibacterial activity associated
with the bacteria Pseudomonas fluorescens harvested from a soil sample [51]. In
1889, the “antibiosis” phenomenon gained acceptance as being a substance pro-
duced by one micro-organism that inhibits another micro-organism [52]. It was
not until 84 years later in 1971 that Fuller identified the “soil substance” of
Baader and Garre as pseudomonic acid (Mupirocin), from Pseudomonas fluo-
rescens [53]. In 1976, Sutherland, et al, presented data showing that pseudo-
monic acid carried antibacterial activity against gram-positive bacteria such as S.
aureus, but not substantial activity against gram-negative enterobacteriacea or
gram-positive enterococci. Sutherland also showed no cross-resistance with oth-
er antibiotics, and suggested a novel mechanism of action [54].

In 1978, Hughes and Mellows reported that pseudomonic acid was effective
against S. aureus at concentrations of 0.05 - 0.5 pg/ml, and that the MIC against
S. aureus is 0.05 pg/ml and is bacteriostatic. They also reported that cells treated
with pseudomonic acid within the MIC range, once transferred to fresh media,
will spontaneously recover after several hours, and that higher concentrations
are necessary for a bactericidal effect. They further described inhibition of pro-
tein synthesis by reversibly binding to isoleucyl transfer-RNA synthetase, as the
novel mechanism of action for pseudomonic acid [55].

The first human study results for a pseudomonic acid preparation were pub-
lished in August 1983 by Wuite, et a/ who studied 46 patients referred to his
clinic with pyogenic skin infections. The patients were given one or more tubes
of a water miscible base containing 2% pseudomonic acid (20,000 units per
gram) to apply to the infected area three times per day for five days, and re-
turned to the clinic at day seven. In 43 of the 46 patients, the infection was re-
ported as completely cleared [56].

Two months later, Dacre, et al, [57] decided during an outbreak of gentami-
cin-resistant MRSA in the urology clinic at the Whittington Hospital in London
to employ the new 2% pseudomonic acid preparation, supplied to them from
Beecham Pharmaceuticals. Dacre took swab samples from the nose, axillae and
perineum of all patients and staff in the urology clinic. From these swabs, carri-
ers of multi-drug resistant staphylococci were instructed to apply the 2% pseu-
domonic acid formulation 1) to the anterior nares and 2) to all other superficial
sites where an . aureus positive culture was obtained. In this patient population,
once the treatment with pseudomonic acid was started, multi drug resistant sta-
phylococci were not isolated from any patient site under treatment, and the sta-
phylococci were eradicated in all cases. Two of the treated patients recolonized
with the same strain and one patient with non-resistant colonies. At this time,
Dacre suggested that the formulation of pseudomonic acid that was supplied by
Beecham was not satisfactory for the nares, and irritated the nasal mucosa, be-

cause of the polyethylene glycol base (PEG) in which the pseudomonic acid was

compounded.
Also in 1983, Casewell, citing three previous studies with Mupirocin in a po-

lyethylene glycol base, discussed the safety of the new topical pseudomonic acid
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formulation, and stated: “We have doubts about polyethylene glycol as a base for
the formulation of pseudomonic acid for sites such as the anterior nares.” Case-
well continued, “In vitro, polyethylene glycol is a fusogen, ie, it fuses adjacent
mammalian cells such as human fibroblasts and lymphocytes and it is used to
produce hybridomas for monoclonal antibody production. It has also been sug-
gested that in suppositories it may predispose to malignant change in rectal and
vaginal mucosal cells.” Casewell concluded, “Thus the side-effects noted by Da-
cre, et al., may well have been due to polyethylene glycol rather than to pseudo-
monic acid itself (in the nares). Beecham Pharmaceuticals have modified the
formulation to make it more suitable for application to the anterior nares” [58].
This new formulation for the nares was 2% pseudomonic acid (20,000 units per
gram) in paraffin.

Continuing in 1983, Chirife, et al, [59] reported on a series of antibacterial
experiments with polyethylene glycol 400 (PEG 400) solutions, and found sub-
stantial antibacterial activity with PEG 400 alone. Chirife suggested that PEG 400

could be used in the preparation of “hydrophilic ointment bases incorporating a
wide variety of therapeutic materials, including anti-bacterials, antibiotics, and
steroids.” Charife’s study was conducted based on the results of Vaamonde, et
al, (1982), who had previously shown that the polyethylene glycols (MW 200
and 400) have a significant inhibitory effect on S. aureus by themselves [60].
These early studies by Chirife and Vaamondecertainly suggest that a polyethy-
lene glycol base was enhancing or acting synergistically with the pseudomonic
acid formulation that was being utilized on the skin and the nose at that time of
these early Mupirocin human trials.

Three years later (1985) at an international symposium in Amsterdam de-
voted to pseudomonic acid (now renamed Mupirocin), a plethora of early stu-
dies and data were presented on Mupirocin’s antibacterial activity. At this sym-
posium, data and results were presented on early 1) “nasal carriage” studies, 2)
contact allergy and irritation” studies (with the new polyethylene glycol 400
formulation named Bactroban’), and 3) chemistry and metabolism studies [61]
[62] [63] [64].

Later in 1985, Sutherland, et al, (as part of the Beecham Pharmaceuticals Re-
search Division) published a large compilation of in vitro data concerning the
antimicrobial activity of Mupirocin on clinical strains [65]. Sutherland stated
that Mupirocin showed “a high level of activity against staphylococci and strep-
tococci, and against certain gram-negative bacteria, including Haemophilus in-
fluenza and Neisseria gonorrhoeae.” Sutherland further stated that, “Nearly all
clinical isolates of Staphylococcus aureus and Staphylococcus epidermidis, in-
cluding multiply resistant strains, were susceptible (Mupirocin MIC, < 0.5
pg/ml) ...and that the activity of Mupirocin was not greatly influenced by in-
oculum size, but was significantly enhanced in acid medium.” Finally, Suther-
land reported that minimum bactericidal concentrations (MBCs) were 8- to 32-
fold higher than MICs, and the antibiotic demonstrated a slow bactericidal ac-
tion in time-kill tests, resulting in 90% to 99% Kkilling after 24 hrs at 37°C.
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Table 1. In Vitro S. aureus data.

Also in 1985, Wuite, et al, reported on a number of Phase II studies with the
2% polyethylene glycol formulation of Mupirocin and concluded that Mupirocin
in polyethylene glycol proved highly effective in the treatment of patients with
minor pyogenic skin infections, and Casewell, et al, confirmed the bacteriosta-
tic nature of Mupirocin with prolonged exposure producing superior killing ki-
netics, and generating sterile cultures at 1 ug/ml at 120 hours (five days) [66].
Importantly, before the 120-hour mark, regrowth of surviving colonies would
occur at 0.25 pg/ml without the presence of mutants, in an inoculum of 10° CFU.
With higher inoculums of 10° CFU, resistant variables (on agar) were found at 2
pg/ml that had stable MICs at 1 - 4 ug/ml Mupirocin, as compared to 0.03 - 0.06
pg/ml for the original inoculum. Correspondingly, these colonies also showed
“striking orange/yellow” pigmentation, which was then lost on sub-culture, most
likely due to the extra production of S-carotene. Casewell concluded that this
level of resistance “may not be significant” as the topical 2% formulation of Mu-
pirocin contains 20,000 pg/ml of the antibiotic. See Table 1.

Finally in 1985, the United States Food and Drug Administration approved a
new “Nasal Formulation” of Mupirocin in Paraffin, indicated for “the eradica-

tion of nasal colonization with methicillin-resistant Staphylococcus aureus

Mupirocin
Year .
Concentration
1978 0.05 ug/ml Yes
1985 MIC, <0.5 pg/ml Yes
1 lat 120
1985 hg/mla

hours

Bacteriostatic Bactericidal Observations Ref

Cells treated with pseudomonic acid within the MIC range,
once transferred to fresh media, will spontaneously recover after
several hours, and that higher concentrations are necessary for a
bactericidal effect.

(55]

Nearly all clinical isolates of Staphylococcus aureus and

Staphylococcus epidermidis, including multiply resistant strains,

were susceptible (Mupirocin MIC, <0.5 pg/ml) ...and the

activity of Mupirocin was not greatly influenced by inoculum

size, but was significantly enhanced in acid medium.” [65]
Minimum bactericidal concentrations were 8- to 32-fold higher

than MICs, and the antibiotic demonstrated a slow bactericidal

action in time-kill tests, resulting in 90 to 99% killing after 24

hrs. incubatedat 37°C.

Before the 120-hour mark, regrowth of surviving colonies would
occur at 0.25 pug/ml without the presence of mutants, in an
inoculum of 10° CFU.
With higher inoculums of 10° CFU, resistant variables (on agar)
were found at 2 ug/ml that had stable MICs at 1 - 4 pg/ml
Mupirocin, as compared to 0.03 - 0.06 pg/ml for the

Yes original inoculum. [66]
Colonies also showed “striking orange/yellow” pigmentation,
which was then lost on sub-culture, most likely due to the extra
production of S-carotene.
Casewell concluded that this level of resistance “may not be
significant” as the topical 2% formulation of Mupirocin contains
20,000 pg/ml of the antibiotic.

K2
035: Scientific Research Publishing

431



E. Bornstein

(MRSA) in adult and pediatric patients” that had no contraindications for use on

nasal or mucosal tissues.

8. New Mupirocin Formulations in Human Studies for Nasal
Decolonization and Wounds

In 1986, Casewell and Hill conducted the first moderately sized controlled trial,
with the newly approved formulation of 2% Mupirocin in white soft paraffin.
Thirty-six subjects that tested positive for stable nasal carriage with S. aureus
were recruited into the study, and 18 of them were given Mupirocin and 18 giv-
en the identical paraffin base without Mupirocin [67]. All participants were in-

structed to apply an amount of paraffin “the size of a match head” four times/

day (q.i.d.) for five days and “to squeeze their nose between finger and thumb
after each application to ensure even distribution.” Culture swabs were ex-
amined after one, four, eight and 20 applications. Casewell and Hill reported
that all Mupirocin treated patients had S. aureus carriage eliminated from their
nares. None of the patients were shown to eliminate nasal carriage in the control
vehicle arm. Three weeks after the treatment phase, three patients regained S.
aureus in the nares, without an increase in the MIC to Mupirocin. Also of note,
in 1986, the Hospital Infection Society and the British Society for Antimicrobial
Chemotherapy recommended treatment of nasal carriers of MRSA with Mupi-
rocin in paraffin applied to the anterior nares three times/day (t.i.d.) for at least
five days [68].

In 1987, a new cream preparation of 2% Mupirocin was approved by the FDA

for secondarily infected traumatic skin lesions. This formulation contained ben-
zyl alcohol, cetyl alcohol, phenoxy-ethanol, and stearyl alcohol, as preservatives
and emulsifiers. As with the polyethylene glycol base for the Mupirocin oint-
ment (FDA approved for the topical treatment of impetigo), the hydrocarbon
alcohols in the cream formulation all can have significant synergistic effects with
the Mupirocin against S. aureus, but are (a) incompatible with and (b) not FDA
approved for nasal or mucosal tissues [69]-[74]. This incompatibility of the hy-
drocarbon alcohol cream formulation stems from erythema, edema and contact
irritation on nasal and mucosal tissues caused with the hydrocarbon alcohols in
the base [75].

By the end of 1987, the data concerning Mupirocin was becoming increasingly
clear. The data described:

1) The MIC in vitro against S. aureus is 0.05 pg/ml of pseudomonic acid, and
it is a bacteriostatic antibiotic,

2)The polyethylene glycol base was most likely acting synergistically with
pseudomonic acid, and was not satisfactory for the nares, as it was highly irri-
tating to the nasal mucosa,

3) Studies done to date showed Mupirocin in a polyethylene glycol base to be
effective in treating primary skin infections with clinical cure or improvement
approaching 95%,

4) A 2% Mupirocin cream formulation was also approved in a base of syner-
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gistic preservative and emulsifier alcohols, targeted for use in small infected
wounds,

5) In vitro studies reported that MBCs were 8- to 32-fold higher than MICs,
and Mupirocin demonstrated a slow bactericidal action,

6) Mupirocin was not able to generate sterile cultures 7n vitro at 1 pg/ml until

120 hours (five days), and before the 120-hour mark, regrowth of surviving co-

lonies would occur at 0.25 pug/ml without the presence of mutants, in an inocu-

lum of 10° CFU. In higher inoculums of 10° CFU, resistant variables (on agar)

were found at 2 pg/ml that had stable MICs at 1 - 4 pg/ml Mupirocin, as com-
pared to 0.03 - 0.06 pug/ml for the original inoculum.

9. (1988-2010) Mupiricin (Paraffin) Influential Nasal
Decolonization Studies

In 1988, Hill, et al, reported on a hospital outbreak of MRSA where 40 patients
and 32 hospital staff that tested as stable nasal carriers of MRSA received topical
application of 2% Mupirocin in paraffin to their anterior nares for t.i.d. for five
days [76]. Hill reported that nasal carriage was eliminated in all treated patients
and staff, usually within the first 48 hours of treatment. Four patients recolo-
nized within two weeks after Mupirocin therapy. Immediately after the Mupiro-
cin therapy was completed, the number of patients with MRSA isolated from
wrists fell from 16 to three.

Also in1989, Bulanda, et al, treated 69 volunteers with either persistent, in-
termittent or transient S. aureus carriage in the anterior nares with Mupirocin in
paraffin t.i.d. for five days [77]. The treatment eradicated S. aureus from 67 of
the 69 participants when tested four days after the last dose. At two weeks post
therapy, approximately 40% of the patients had recolonized with . aureus in the
nose.

In 1991, Regan, et al, treated 68 patients with stable S. aureus carriage, in a
double-blind, placebo-controlled randomized trial [78]. Participants received
either Mupirocin in paraffin, or placebo intra-nasally twice daily (B.I.D.) for five
days. Regan measured cultures of the hands and nares at baseline and 72 hours
after therapy. They reported that the proportion of hand cultures positive for .
aureus in the Mupirocin group after therapy was significantly lower than in the
placebo group (2.9% compared with 57.6%). Regan concluded that when applied
intra-nasally twice daily for five days, Mupirocin in paraffin has a corresponding
effect on hand carriage at 72 hours after therapy.

Also in 1991, Redhead, et al, reported on a clinical study conducted at 102
hospitals in the UK and Ireland, where 1510 subjects were treated with Bactro-
ban nasal ointment (paraffin base) during hospital outbreaks of MRSA. The
Mupirocin was applied to “most patients” two or three times daily to both ante-
rior nares for three to eight days. Redhead reported that of 766 assessable sub-
jects, nasal carriage of S. aureus was cleared in 744 (97.1%). These results estab-
lished that Bactroban nasal was a highly effective therapy for eradication of nasal

carriage of S. aureus, including MRSA [79].
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In 1992, B. Doebbeling, et al, [80] reported on a multicenter double-blind
study of study of 339 hospital staff that were tested as stable carriers of S. aureus,
and received either Mupirocin nasal, or placebo b.i.d. for five days. 91% of the
evaluable subjects saw nasal carriage elimination post treatment (vs 6% for pla-
cebo) and at four weeks post therapy.

Also in 1992, Scully, et al, reported on a placebo-controlled, double-blind
study of Mupirocin in paraffin for nasal eradication of MSSA and MRSA. [81]
Seventy subjects completed therapy and had the required follow-up to be consi-
dered assessable. Thirty-four subjects received Mupirocin and 36 subjects the
placebo ointment. In the therapy phase, 1 cm of study ointment (Mupirocin or
placebo) was placed on a cotton swab and applied inside each nostril twice daily
for five days. After application, the nostrils were massaged externally between
the fingers for one minute to ensure even application. Follow-up cultures were
obtained between 24 and 72 hours after the last dose and one, two and four
weeks after treatment. All except one strain were highly susceptible to Mupiro-
cin. 90% of the staphylococci were inhibited by 0.125 mg/L or less of Mupirocin.
Scully reported 74% nasal eradication in the Mupirocin arm after five days, vs

3% in the placebo arm. This is the second study showing lower eradication suc-

cess (74%) in the nares with Mupirocin (paraffin) application at b.i.d. for five

days.
In 1994, B. N. Doebbeling reported on the pooled results of six double-blind,

randomized, placebo-controlled clinical trials in the United States to evaluate the
elimination of S. aureus carriage in healthcare workers with Mupirocin nasal
[82]. Hand cultures were also performed at one center. All six centers followed a
common protocol, and 1 cm of study ointment (Mupirocin or placebo) was
placed on a cotton swab and applied inside each nostril b.i.d. for five days. The
primary endpoint of the study was elimination of S. aureus from the nares at 48 -
96 hrs. post-therapy. The overall eradication rate for the active Mupirocin arm
was 91% vs 6% in the placebo arm. At the study site that also tested hand car-
riage, 3% reported positive for S. aureus in the Mupirocin arm immediately
post-therapy, vs 58% in the placebo arm.

In 1995, C. Fernandez, et al, reported on a nasal decolonization study with 68
health care workers that was a double-blind, and randomized to receive either
Mupirocin nasal or placebo, b.i.d. for five days [83]. Fernandez found that Mu-
pirocin eliminated nasal carriage with Staphylococcus aureus in 86.7% subjects
by the end of therapy compared to 9.4% subjects at the end of treatment with
placebo (£ < 0.001).

Van Rijen, et al, published systematic review of Staphylococcus aureus infec-
tions in surgical patients with nasal carriage (2002-06), and collected data on a
large series of studies meeting a criteria for an S. aureus nasal eradication com-
ponent, utilizing Mupirocin nasal for a b.i.d. for five days regimen [84].

» They highlighted that nasal carriage is only eliminated in ~80% of patients
treated with Mupirocin and 30% in those treated with placebo, when follow-

ing the b.i.d. regimen.
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» Van Rijen cited three studies [85] [86] [87] that reported 82% (2002), 83%
(2002), 81.5% (2006) successful nasal eradication in the studies.

In 2010, Bode, et al, reported on a randomized, double-blind, placebo-con-
trolled, multicenter trial that treated MSSA patients with Mupirocin nasal
ointment and chlorhexidine soap, to assess any reduction in hospital-associated
MSSA infection [88]. Bode ef al reported that in their study, 1,270 nasal swabs
from 1251 patients were positive for MSSA.

» 917 of the patients were enrolled in the intention-to-treat analysis, of whom
808 (88.1%) underwent a surgical procedure, and all the S. aureus strains
were susceptible to methicillin and Mupirocin.

» The rate of S. aureus infection was 3.4% in the Mupirocin-chlorhexidine
group, as compared with 7.7% in the placebo group and the effect of Mupiro-
cin-chlorhexidine treatment was most pronounced for deep surgical-site in-
fections.

With these results, Bode, et al, concluded that the number of surgical-site
MSSA infections acquired in the hospital can be reduced by decolonizing of nas-

al carriers of S. aureus on admission.

10. Conclusions (1986-2010)

20 years of clinical studies were examined, highlighting a definite emerging pat-
tern: See Table 2.

1) The single early Mupirocin paraffin study with q.i.d. treatment resulted in
100% efficacy.

2) Early studies with t.i.d. therapy resulted in nearly 97% plus efficacy.

3) The transition to b.i.d. therapy in the 1990s, resulted in a decrease in effi-

cacy to an average of 86%.

Table 2. Efficacy chart for MRSA Nasal Decolonization studies with Mupirocin in paraf-
fin 1986-2006.

Application Number of Elimination

%%
035: Scientific Research Publishing

Year Per Day Days after trial Recolonization Reference
1986 4x per Day 5 Days 100% 16% at 3 weeks [67]
1988 3x per Day 5 Days 100% 6% at 2 weeks [76]
1989 3x per Day 5 Days 97% 40% at 2 weeks [77]
1991  2x - 3x per day 3-8 days 97% Unknown [79]
1992 2x per day 5 days 91% Unknown [80]
1992 2x per day 5 days 74% 22% at 4 weeks [81]
1994 2x per day 5 days 91% 26% at 4 weeks [82]
1995 2x per day 5 days 86.7% 43% at 4 weeks [83]
2002 2x per day 5 days 82% Unknown [85]
2002 2x per day 5 days 83% Unknown [86]
2006 2x per day 5 days 81% Unknown [87]
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4) Ten years later, Mupirocin paraffin efficacy decreased again at b.i.d. thera-
py to 82%.

5) This researcher has not been able to find a single reference discussing that
the fact that the new paraffin base of Mupirocin did not have any “assistance” in
treating S. aureus colonization, as is the case with a synergistic polyethylene gly-
col or hydrocarbon-alcohol base.

6) There has never been a Mupirocin nasal decolonization study that has not
reported recolonization of some measure within a 2 - 3 week period.

The current regimens for Mupirocin decolonization are; 1) NHS UK: Mupiro-
cin 2% nasal 2 to 3 times per day. No mention of number of treatment days [89]
and 2) United States/FDA: Mupirocin 2% Nasal 2 times per day for five days
[90].

11. Testing the Efficacy of Different Commercial Mupirocin
Formulations Agaiunst Multiple Strains of HA-MRSA and
CA-MRSA

For the purpose of these experiments, two null hypotheses were formulated to
test for synergy between commercial Mupirocinointment and cream formula-
tions compared to Mupirocin nasal (compounded in paraffin).

Null hypothesis 1: 1, — g, = 0 when MRSA strains, growth and commercial

Mupirocin formulations are identical.

Null hypothesis 2: g — 1, = 0 when MRSA strains, growth and commercial

Mupirocin formulations are identical.

1) y, is the size of the colony inhibition zone with the commercial Mupirocin
nasal formulation in Paraffin;

2) , is the is the size of the colony inhibition zone with the commercial Mu-
pirocin benzyl and phenoxy-ethanol cream formulation;

3) w4 is the is the size of the colony inhibition zone with the commercial Mu-
pirocinin Polyethylene Glycol (PEG) ointment formulation;

e W, — 1 = 0 will show that the compounding of Mupirocin with a benzyl and
phenoxy-ethanol cream formulation produces no beneficial effect beyond
Mupirocin nasal in paraffin alone, and the null hypothesis stands.

e W, — 1 > 0 will show that the compounding of Mupirocin with a benzyl and
phenoxy-ethanol cream formulation produces a measurable potentiation and
beneficial effect of the Mupirocin beyond the paraffin.

e i — i,= 0 will show that the compounding of Mupirocin with a PEG oint-
ment formulation produces no beneficial effect beyond Mupirocin in a ben-
zyl and phenoxy-ethanol cream formulation.

e 1 — i, > 0 will show that the compounding of Mupirocin with a PEG oint-
ment formulation produces a measurable potentiation and beneficial effect

beyond Mupirocin in a benzyl and phenoxy-ethanol cream formulation.

11.1. Materials and Methods-Strain Resurrection and Glycerol
Stock Generation

Staphylococcus aureus freeze-dried pellets (strains: BAA-41, BAA-1680, BAA-
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1708 and BAA-1556) were dissolved in 5 ml of Tryptic Soy Broth (animal-free,
Mediatech) and incubated shaking at 37°C for 16 - 18 h overnight. Glycerol stocks
were generated by mixing subsequent bacterial cultures 1:1 with 2x Cyropreser-
vation Solution [65% glycerol (w/v), 0.1 M MgSO,, and 0.025 M Tris-HCl pH
8.0] and stored at —80°C. Data for SCCmec type, Clone type, PVL toxin and
MupA gene garnered from American Type Culture Collection (www.atcc.org).

11.2. Bacterial Growth

S. aureus strains were streaked from glycerol stocks onto Mueller Hinton HiVeg
Agar No. 2 (HiMedia) plates and a single colony was inoculated into 10 ml of
Tryptic Soy Broth and incubated shaking at 37°C for 16 - 18 h overnight. The
next day the cultures were then back diluted into 20 ml of fresh Tryptic Soy
Broth and incubated shaking at 37°C to OD600 = 0.5 - 1.0. The strains were then

examined for biofilm formation and antimicrobial susceptibility.

11.3. Biofilm Assay

A sample of each bacterial culture was streaked on Congo Red Agar plates [Brain
Heart Infusion Broth (Criterion), 2.5% sucrose, 0.08% congo red, 2% agar), in
triplicate, and incubated overnight at 37°C for 16 - 18 h to examine the biofilm
formation capabilities of each strain [91] [92] [93].

11.4. MIC Assay

500 ul of each bacterial culture was plated onto Mueller Hinton HiVeg Agar No.
2 or Congo Red Agar plates (150 mm X 15 mm), in triplicate, using a sterile cot-
ton tip applicator to generate a complete bacterial lawn. Antimicrobial suscepti-
bility test strips were then applied to the plates to measure MIC (E-test, bioMe-
rieux) and incubated overnight at 37°C for 16 - 18 h. Mupirocin (cat# 516348)
strips were used on each plate:

11.5. Topical Assay

Topical antibiotic commercial formulations (~2 cm discs) of Mupirocin nasal
2% (20,000 pg/ml in Paraffin), Mupirocin cream 2% (20,000 pg/ml in benzyl and
phenoxy-ethanolemulsion) and Mupirocin Ointment 2% (20,000 pug/ml in Po-
lyethylene Glycol base) were applied to plates and incubated at 37°C for 16 - 18
h overnight. All pictures of topical antibiotics captured with 300x digital micro-
scope at 1) a set distance and 2) 200x magnification.

11.6. Data

Each MRSA strain tested showed a substantial synergy between the Mupirocin
and both the 1) commercial benzyl and phenoxy-ethanol cream emulsion and 2)
PEG ointment base, well beyond what is seen with the nasal paraffin base (See
Figures 1-4). Also depicted is the fact that in all four MRSA strains, the PEG
base had greater synergy and potentiation against both biofilm production and

colony formation than did the benzyl and phenoxy-ethanol cream emulsion
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SCCmec Clone PVL Toxin Biofilm production mupA gene
HA-MRSA
Unknown NO Yes Yes
Type II

ETEST
Stri MUP Nasal (Paraffin) MUP Cream MUP Ointment (PEG)
rip
Small biofilm inhibition Large biofilm inhibition
zone zone
Full —w =0 f 1 — =0 f 1
: u Full resistance W2 }1.1 0 .c?r colony 153 }1.1 O .c?r colony
resistance inhibition inhibition
2 — pu > 0 for biofilm 3 — W2 > 0 for biofilm
inhibition inhibition
Figure 1. Strain BAA-1708.
SCCmec Clone PVL Toxin Biofilm production mupA gene
HA-MRSA
USA 100 NO Yes NO
Type II

MUP Ointment

ETEST Strip MUP Nasal (Paraffin) MUP Cream (PEG)
Very | 1 d
Colony Large colony and biofilm er.y arge' s ,0%1?’ A
g s i biofilm inhibition
inhibition at Moderate colony inhibition zone
0.19-0.25 inhibition zone p2 — i > 0 for colony and : :8?_; colon
ug/ml biofilm inhibition e ¥

and biofilm inhibition

Figure 2. Strain BAA 41.

base. These data would appear to confirm the positive antibacterial data con-
cerning the (base) ingredients of both commercial alternatives to Mupirocin
nasal formulated in paraffin [59] [60] and [69]-[75]. To this researcher’s know-
ledge, the publication of direct comparator data such as this, has not been pre-
sented before.

This data would further appear to indicate that cross-comparison of MRSA

susceptibility data and clinical outcomes cannot be correlated between the dif-

ferent commercial formulations of Mupirocin. Further examination needs to be
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SCCmec Clone PVL Toxin Biofilm production mupA gene
CAMRSA USA 300 Yes Yes NO
Type IV

ETEST
Strip MUP Nasal (Paraffin) MUP Cream MUP Ointment (PEG)
Large colon
Moderate colony . g i Y
. inhibition zone
Full X inhibition zone
. Full resistance s — 2 > 0 for
resistance 2 — w1 > 0 for colony and
colony and

biofilm inhibition biofilm inhibition

Figure 3. Strain BAA 1556.

SCCmec Clone PVL Toxin Biofilm production mupA gene
A-MRSA
¢ RS USA 300 Yes Yes NO
Type IVa

MUP Ointment

ETEST Strip MUP Nasal (Paraffin) MUP Cream (PEG)
Very large colony
Colony Large colony and and biofilm
inhibition at Moderate colony and biofilm inhibition zone inhibition zone
0.19-0.25 biofilm inhibition zone 2 — p1 > 0 for colony s — w2 > 0 for
pg/ml and biofilm inhibition colony and

biofilm inhibition

Figure 4. Strain BAA 1680.

done with impetigo and wound applications of the MupirocinPEG ointment
base and cream emulsion, as they appear to confer a far greater antibacterial and
anti-biofilm effect on MRSA, than the Nasal Paraffin formulation. Unfortunate-
ly, neither the cream emulsion nor the PEG ointment can be utilized in the nose
because of significant danger to and irritation of the nasal mucosal tissues [57]
[58] [75].
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12.(1984-2014) Modern Hair Follicle Studies, and How
They Relate to Contemporary Nasal Decolonization
Efforts

In 1984, Kearney, et al, reported results on a human cadaver skin biopsy study
[94] and fundamentally confirmed the work of Selwyn and Ellis in 1972. They
reported that Propionibacteria and Staphylococci are found heterogeneously in
high densities in all parts of the follicular canal. They concluded complete skin
disinfection would “require the penetration of disinfectant throughout the whole
pilosebaceous canal” and further stated “This applies not only to prophylactic
skin disinfection for surgical or aseptic manipulations but also to the use of top-
ical antibiotics in disease states such as acne vulgaris.”

In 2001 and 2005, it was determined that sebum production follows a defined
circadian pattern, in a 24 hour cycle [95] [96]. Human sebum production peaks
at 13:00 hrs and troughs from 23:00-06:00. This suggests that there may be “op-
timum times” for attempting to get topical antimicrobial formulations into the
hair follicles of the vibrissae.

In 2005, Vogt et al. wrote a paper discussing follicular targeting, as a “Prom-
ising Tool in Selective Dermatotherapy” for drug delivery [97]. In this report,
she stated, “Besides these anatomic characteristics, a wide variety of factors in-
cluding the drug carrier system, the formulation, temperature, humidity, and
pretreatment techniques of the skin influence the degree of drug deposition in
the pilosebaceous unit.” In 2006, Lademann et a/, studying Nano-particle pene-
tration into hair follicles, suggested that the follicle acts as a geared pump for
nanoparticles, if their size is comparable with the thickness of the hair shaft
dandruff [98]. Lademann concluded; that “the reservoir of the hair follicles is a
long-term reservoir, because depletion can only occur during slow processes-by
penetration into deeper tissue layers or by flowing out with the sebum produc-
tion.” In 2007, Lademann presented in vitro data that showed that particle pene-
tration increased into hair follicles when massage was applied [99]. He stated
that this encourages hair movement, which in vivo occurs physiologically.

In 2010, Broeke-Smits et al performed the first series of experiments at-
tempting to “define” the ecological niche in the nose for S. aureus to the Vesti-
bulum nasi and actually named the “Hair Follicles” in the title of their paper
[100]. After swabs were taken from the noses of 37 human cadavers, the nose
was removed and vertically dissected. Tissue sections of 4 microns thick were cut
and mounted on glass microscope slides, and were further prepared with An-
ti-SpA that showed positive staining for 8. aureus. In this study, Broeke-Smits
found positive S. aureus cultures in nine out of 37 nose swabs. In the microscopy
slides, S. aureus was found in the Vestibulum nasi only. No bacteria were de-
tected in the ciliated mucosa covering the major part of the nose or in its asso-
ciated serous glands.

They further reported: 1) “The majority of the bacteria were found within the

cornified layer of the stratified squamous epithelium and in the associated kera-
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tin and mucous debris within the vestibulum” 2) “To our surprise, in six out of
nine culture-positive noses the bacteria were also detected in the outer portion of
the hair follicle shafts” and 3) “In two out of six hair follicle-positive noses, bac-
teria were detected in deeper parts of the hair follicle”. Broeke-Smits postulated
that the “occurrence of relapses after decolonization and the difficulties of deco-
lonizing some individuals might be related to the inaccessibility of S. aureus

deeply embedded in hair follicles. It might be worthwhile to reconsider the me-

thod of delivering Mupirocin, as it is questionable whether hairs and follicles will

be efficiently decontaminated.”

In 2011, Lange-Asschenfeldt, et al, utilizing 1) differential tape stripping, 2)
cyanoacrylate skin surface biopsies and 3) mapping of hair follicles, showed that
85% of the bacteria were found within the first six corneocyte layers and roughly
25% of the cutaneous bacterial population were localized within the hair follicles
on the forearms of study participants [101]. They concluded a) That “the skin
appendages “form a protected microbial reservoir” and; b) That “this under-
standing might be of importance for the development of antiseptic substances
that should access the hair follicles to prevent the fast repopulation of bacteria
derived from this reservoir.”

In 2012, another part of the “hair follicle” conundrum was presented by the
work of Matard ef al, who studied hair follicles in folliculitis decalvans, which is
an inflammation of the hair follicle that leads to pustules, erosions, crusts, and is
almost never devoid of S. aureus. [102] Matard reported on the first evidence of
the presence of bacterial biofilms in the infra infundibular (deeper portion) of
human scalp hair follicles, (in both folliculitis decalvans patients and in healthy
subjects), utilizing field emission scanning electron microscopy and laser con-
focal scanning microscopy.

In 2013, Alexeyev introduced a new table codifying bacterial population sam-
pling methods that included 1) swab, 2) scrape 3) cyanoacrylate and 4) biopsy
[103]. He stated that the “swab method” only identifies bacterial colonies at the
level of the superficial stratum corneum. This suggests that conventional nasal

culture techniques are wholly inadequate to determine colonization and decolo-

nization status in the nares. This further suggests that most (if not all) prior nas-

al decolonization studies would show far lower “actual” decolonization rates, if
any of the other post-treatment sampling methods (with greater accuracy) were
employed in the data collection after the therapy.

In 2014, Jans et al presented further evidence in infected folliculitis patients of
“large biofilm-like macro colonies in the deep part of the hair follicle [104]. Also
in 2014, Ulmer et al. stated that the hair follicles could be used as a reservoir for
topically applied substances, and that “non-particular” topicals could be detected
for up to four days in a follicle after delivery [105]. Ulmer also stated that lipo-
somes could also represent an effective long-term drug carrier system within the
follicular pathway, and concluded that “the effectiveness of skin antisepsis can be
improved by standardized mechanically assisted application and prolonged ex-

posure”. See Table 3.
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Table 3. Deductions from modern hair follicle literature.

Deductions REF
Complete skin disinfection would “require the penetration of disinfectant throughout [94]
the whole pilosebaceous canal” [100]
. N [95]
Sebum production follows a defined circadian pattern (96]
Temperature can influence the degree of drug deposition in the hair follicle. [97]
Drug depletion in the hair follicle is a slow processes and can either
go deeper by penetration into deeper tissue layers or by flowing [98]
out of the follicle with the sebum production
Penetration of substances into the follicle can be increased when massage is applied. [99]
As much as 25% of the cutaneous bacterial population can (101]
be sequestered within the hair follicles

Bacterial biofilms have been observed in the deeper portion of the human hair follicle. [102]
The “swab method” for bacterial culture only identifies bacterial (103]

colonies at the level of the superficial stratum corneum.

Large biofilm-like macro colonies have been observed
. A [104]

in the deep part of the hair follicle.

Certain topicals could be detected for up to 4 days in a follicle after delivery. [105]

13. Conclusion: The Importance of the Ecological Reality of
the Human Nares

This review has established that there exists a substantial difference between
purported Mupirocin resistance in clinical studies of MRSA and decolonization
failure based on the commercial formulation of Mupirocin. Past medical re-
searchers, most of whose critical findings concerning the decolonization of the
human nares have either been forgotten or are not widely known, have cataloged
a number of important factors that most likely explain a vast majority of Mupi-
rocin nasal decolonization failures, even when the MIC of Mupirocin appears to
be well within therapeutic range of the Mupirocin nasal (paraffin) formulation.

These factors can be summarized as follows;

1) Bacteria seek out places in the nares where traditional Mupirocin therapy
and paraffin vehicles may have difficulty penetrating. Examples include the hair
follicles, sebaceous glands, and the keratinocytes of the nares.

2) The existence of bacterial biofilm in the hair follicles and sebaceous glands
also serve as defensive barriers to a Mupirocin insult.

3) Normal secretion of sebum from the sebaceous glands, inhibits Mupirocin
and paraffin vehicles penetration into the hair follicles and sebaceous glands.

4) There is a circadian component to sebum secretion, such that Mupirocin
therapy could be more effective when administered at specific times during the
24 hour cycle.

5) Historical Mupirocin nasal therapy administered t.i.d. (three times daily)
shows significantly better outcomes than when administered b.i.d. (twice per day).

6) There is a synergistic benefit to the Mupirocin when compounded with a

benzyl and phenoxy-ethanol cream formulation, and a greater synergistic benefit
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when compounded in a PEG ointment formulation, neither of which can be
safely used in the nose.

When these factors (above) are taken into account, new treatment protocols
can be proposed to augment Mupirocin nasal decolonization therapy. Such
proposals would include:

1) Before Mupirocin nasal application, utilize a large warm moist swab or pad
to remove any debris and crust in the Vestibulum nasi. Then use a large dry
swab or pad in circular motion, to remove any remaining softened sebum from
the openings of the hair follicles and sebaceous glands, thereby exposing the fol-
licles and sebaceous glands prior to Mupirocin nasal delivery [21] [34] [44].

2) Dispense Mupirocin nasal into nares, and massage specifically into the hair
follicles (vibrissae) of the Vestibulum nasi for 60 seconds by repeatedly squeez-

ing nostril with thumb and fore-finger, not higher up in the mucosal area of the
nostril. Also, gently massage into the vellus hair follicles and sebaceous gland on
the outside of the Vestibulum nasi [95]-[105].

3) Apply Mupirocin nasal-t.i.d. to both nostrils (not b.i.d) and the outside of the

Vestibulum nasi, and follow the protocol for at least five to seven days [76]-[87].

4) Utilize innovative medical devices to augment traditional topical pharma-
cologic therapy, to attempt to improve upon current pharma-alone therapies
[106] [107].
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