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éSnmmaryt Staphylococcal infections remain an important cause of morbid-

ity and mortality. Methicillin-resistant Staphylococeus aureus (MRSA) pre-
sent a particular problem because of the costs of treatment and containing
outbreaks. The role of nasal carriage of staphylococei in the epidemiology of
staphylocoecal infection has been recognized for over 30 vears. Until
recently, eradication of nasal carrmnv of 8. aureus has proved ditheult, with a
variety of topical and systemic agents viclding poor results with cither hintle
discernible effect on nasal carriage or rapid recolonization. Mupiracin is a
novel topical antibiotic with excellent antibacterial activity against staphylo-
cocel, including MRSA. Intranasal administration of ealcium mupirocin has
achieved excellent results in the eradication of nasal curriage of S, aurens and
producing an associated reduction in S, anreus infection in a variety of clinical
settings, including MRSA outbreaks, neonatal nurseries, hsemodialysis,
cardiothoracic surgery and familial staphylocaccal infections. This article
reviews the efficacy and safety of intrunasal mupirocin in the prevention of
staphylococeal infections.

Keyvwords: mupirocin; MRSA; staphyvlococeal infection; nasal carriage.

Introduction

Infections caused by staphylococel remain an important cause of morbidity
and mortality. The costs of treating such infections can be high, and the
increasingly frequent outbreaks of multply resistant strains  of
staphylococei may cause significant disruption to hospital routine. In
particular, methicillin-resistant Staphylococcus aureus (MRSA) epidemics
have presented a challenge to hospitals worldwide and appear to be
increasing in frequency.' Prout et al.,’ for example, detected an increase in
MRSA bacteraemia from 4:4% in 1987 to 38:6% in 1990, Elsewhere, up to
40% of all clinical isolates of S. awreus have been reported as MRSA Y
The containment of MRSA cpidemies and the treatment of infected
patients presents an ongoing challenge. MRSA strains are generally
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_ : epidemiology of
cen recognized for the past 30 years
rkers can become intermittent or
ensitive or methicillin-resistant
wugh the prevalence of nasal carriage varies widely
dlation.” The anterior nares provide the principal
1, with curriage at other sites generally being
? the organisms being spread primarily on the

of health care wo ; _
1s no doubt that m_t'rﬂna'éz_tl'_-.car-pi_agg'haé,betgjn-'-;tgﬁotiaréd with the
1 phylococcal infections in a variety of clinical settings.
urgical wounds was documented in 1959 and' the early
i . iew of these studies, Casewell and Hill¥ showed that the
incidence of surgical wound scepsis in nasal carriers of S. aureus ranged from

6 to 16:5%. Between 47 and 89% of these wounds were infected with

pes that were indistinguishable from those in the patients’ noses.
postoperative infection rate in non-carriers was only 1:1-7-6%.
Similarly, Ena et al." reported that when haemodialysis patients become
Jinfected with staphylococci, the infections are caused by strains persistently
carried in the patients’ noses.

Yu and colleagues in a 5-vear prospective study in a hacmodialysis unit
found that S. aureus infections occurred significantly more frequently in
carriers than non-carriers."' In 93% of infected carriers the S, anrens
infections were caused by the samie phage type as that carried in the nares. A
_ similar study was conducted by Luzar et al.? in patients beginning
; continuous ambulatory peritoneal dialysis. Nasal carricrs of S. aurers had a

four-fold higher incidence of exit-site infection than the non-carriers.
T'wo studics in France have investigated the link between the nasal

carringe of ST aurens and infection among patients in intensive care units

(ICU). Regnier and Deere' found that 90% of patients with staphylococcal

me strain whereas in patients without
as 25% (P<0-0001). A similar result was
fr survey' of five medical ICUs: 91% of patients developing
| were persistent or transient carriers of S. aurens in comparison
% of those who were neither infected nor colonized.

Nasal carriage of methicillin-resistant staphylococci.

The problems associated with the emergence, during the 1970s and 19805,
of MRSA have already been outlined. Recognition of the increased
prevalence and importance of MRSA has spawned many publications
relating to its epidemic potential, outbreak control and role of the carrier
state, These have been reviewed by others. %1517

Eradication of nasal carriage

Many attempts have been made to eradicate nasal carriage of S. aureus,
particularly MRSA, from patients and hospital personnel in order to reduce
spread and prevent infection, A variety of topical and systemic agents have,
in general, yvielded poor results with either little discernible effect on nasal
carriage or rapid recolonization. These studies, which are often difficult to
interpret, have been reviewed by others.”!7: !

Of the systemic agents, rifampicin has probably been the most successful
but it is associated with frequent and rapid development of resistance.”'™
When oral rifampicin was combined with bacitracin to minimize this
possibility, a significant reduction in S. aureus nasal carriage was observed
in haemodialysis patients.!! However, rifampicin-resistant strains were
1solated from the anterior nares of four patients within one month of
treatment. As a consequence of such resistance problems it is generally
considered unwise to use systemic antibiotics topically for the eradication of
staphylococcal nasal carriage. However, antiseptics and other non-systemic
antimicrobials applied topically to the anterior nares such as chlorhexidine
and ‘Naseptin' cream (chlorhexidine hydrochloride 0:1%, neomycin
sulphate 0:5%) have proved unsatisfactory.

Extensive investigations in many clinical environments have now been
conducted using mupirocin, 2 non-systemic antibiotic available for
intranasal use. The purposce of this paper is to review the worldwide
experience with intranasal mupirocin and to discuss the plice of mupirocin
in the prevention and containment of staphylococeal infeetions.

Mupirocin

Mupirocin is produced by submerged fermentation of Pseudomonas
Jluorescens. It is active agamst staphylococcr, including nu-thicillin_~rcs:_;st:mt
straing, streptococel and certain Gram-negative organisms. Mupirocin has
a unique mode of action, inhibiting bacterial isoleucyl -RNA s*-nthetase
and is structurally unrelated to other clinically used antibiotics." During
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intranasally bid for 5 days. Elimination of nasal carriage was
achwved- immediately pnst-trcatment in 91% of evaluable subjects receiving
g ¢in vs. 6% receiving placebo (P<0:001). At 4 wecks post-treatment
2% Of_ upirocin treated wubju.ts remained free of S, anrews in the nares in
comparison with just 12% in the placebo group. As part of this placebo

RS P controlled study, Reagan ef al.s enrolled 68 stable nasal carriers of S. aureus
; and demonstrated thut intranasal mupirocin was also effective in

. significantly reducing hand carriage of S. aurews. One third of the 68

carriers had initial hand cultures that were positive for S. aurews. I'wo

to 3 days post-treatment this proportion was significantly lower in the
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e placebo group (57:6%). Hand carriage

in he mupirocin group at 6 months,
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M SA outb:ma aoutrof In thmr comprehensive review on local trearment
of MRSA carriage, Hill and Casewell pose the questmn “Why should

 MRSA carriage and colonization be eliminated?"” They argue that

unccntrolled.-colomzatmn by MRSA is a prelude to serious sepsis and
support the view that eamage of MRSA by hospital perscmnel provides an
important source of organisms for nasal acquisition by patients, and for
subsequent auto-infection and dissemination. It is for this reason that many
workers have evaluated mupirocin in clinical trials.

The first documented intranasal use of mupirocin in the control of
hospital outbreaks of MRSA”™ involved the polyethylene glycol based
formulation licensed to treat various superficial dermatological infections.
Sub‘sequently, the e’f’ﬁc'acy of the preferable calcium. mupirocin intranasal
ointment (formulated in a white soft paraffin base) in ehmmatmg nasal
carnage of MRSA during outbreaks has been confirmed in many clinical

settings. One publication reports the treatment of 1510 subjects in MRSA

outbreaks in over 100 hospitals in the UK. Eradication was found to be
97:1%.** Other studies include a veterans' nursing home,?* [CUs, ¥
neonatal nurseries'*" and an orthopaedic unit.” In the latter study, Barrett
described how standard control measures were not sufficient to control an
MRSA epidemic, but following the addition of nasal mupirocin the
outbreak ended.

This wealth of clinical evidence indicates that mupirocin can make a
significant contribution during an MRSA outbreak. ‘I'reatment of infecred
or colonized patients and known carriers alone may not be sufficient to
control an MRSA outbreak. In such an outbreak in Spain lasting more than
2 years,” the outbreak was only brought under control when an active
screening programme for the detection of all nasal carriers was added to the
use of intranasal mupirocin.

The climeal implications of an MRSA outbreak in the absence of
appropriate control measures, are illustrated by experience in South Africa,
where a limited budget in a 3000 bed tertiary care hospital could not support
extensive MRSA carriage surveillance.” However eradication procedures,
including treatment of MRSA carriers with twice daily  mtranasal
mupiroein for 5 days, instituted in two high risk areas of the hospital,
significantly reduced the incidence of MRSA bacteraemia. Over a 1-year
period bacteraemia decreased from 1-3 to 0% in the paediatric oncology unit
(P=0:0007) and from | to 0:25% in the 1CU (£ =0-016) while in the rest of
the hospital the incidence increased.

I'reatment of the carrier state in health care workers and patients 1s just
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one of three measures for MRSA control outlined by Wenzel et al.! who
recommend the use of intranasal mupirocin. This view is supported in the
‘Guidelines for the control of epidemic methicillin-resistant Staphylococcus
aureus’ drawn up, and revised in 1990, by the combined working party of
the Hospital Infection Society and the British Society for Antimicrobial
Chemaotherapy” which state “the most effective treatment for nasal carriage
ts mupirocin®', These guidelines support the view that the costs of ignoring
strains of epidemic MRSA are higher than those of controlling them, since
the annual recurrent costs for hospitals badly affected by MRSA were
estimated at £250000.

Adoption of these guidelines resulted in the recognition and containment
of all strains of epidemic MRSA introduced into a ward of highly
immunocompromised liver-transplant patients, over a 5-yvear period. No
infections occurred, ' indicating the clinical value of using mupirocin in this
\\'ay_.

As intranasal mupirocin becomes established as the agent of choice in
cradication of MRSA, comparative studies against other presently available
agents may become increasingly difficult to justify or perform. Cookson and
Phillips?” cite several reasons why: the economic implications, the
morbidity and mortality associated with continued MRSA acquisition and
the problems of resistance to other agents. Nevertheless, some comparative
studies have been conducted: in a prospective, randomized study, Guerrero
et al.™ compared intranasal mupirocin tid for 5 days with a combination of
cotrimoxazole (160 mg trimethoprim) bd orally plus topical fusidic acid tid,
both for 5 days, in similar groups each of 31 patients with two positive nasal
cultures for MRSA. In addition both groups used chlorhexidine soap.
Similar results were obtained for each group; at the end of treatment nasal
cradication rates were 100% throughout while extranasal ¢radication rates
were 60% and 62% for mupiroein and the cotrimoxazole/fusidic acid
combination, respectively. One month after treatment, well over 90% of
patients in each group remained free from MRSA nasal carriage.

Time tu recolonization following eradication of S. aureus with intranasal
npirocin

T'ime to recolonization has been addressed in a number of studies. In
contrast to other antimicrobials where generally carriage is quickly
re-established.” treatment with mupirocin renders subjects free from
recolonization for protracted periods. In Casewell and Hill’s original
study?® 50% of the subjects available for sampling remained free from
recolonization 22 weeks post-treatment. Of the 14 who ultimately resumed
carriage, phage typing and antibiograms identified that only 29% of
subjeets had relapsed with colonization by their pre-treatment strain, while
57% had acquired a different phage type.

A l-veur period of follow-up has been described in two studies. Bulanda
et al.* reported that mupirocin eradicated 8. aureus from the nares from all
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but two of 69 volunteers immediately post-treatment. [During the
subsequent 6 months, 43% became stably recolonized; by | vear 60% of
subjects were positive for intranasal S. aureus, 42% of these being relapses
while 58% were re-acquisitions (based on phage typing). In subjects
recolonized after therapy the density of S. aureus was much lower than in
the same subjects before therapy.

In the follow-up of 68 volunteers from the study by Reagan er al,, 71% in
the mupirocin group vs. 18% in the placebo group remained free from nasal
carriage 3 months after treatmcnt;“ this difference was 'ni;.{hi)- significant.
At 6 months and 1 vear post-treatment, 48 and 53% of mupirocin treated
patients, respectively, vs. 72 and 76% of controls demonstrated S. aurens
nasal carriage.

Hill et al?' evaluated mupirocin during an MRSA outbreak. Forty
patients and 32 hospital personnel were all cleared of nasal MRSA with
intranasal mupirocin tid for 5 days. At 8 and 10 weeks after the course, there
were 22 and 17 stafT still available for sampling and all were still negative. By
I8 and 20 weeks, the corresponding figures were three negative of four
available for testing at 18 weeks, and four of four at 20 weeks. In total, five of
the staff recolonized at 2, 5, 5, 11 and 12 weeks and repeat application again
eliminated carriage. Of the 40 patients treated, 36 remained clear of nasal
MRSA for the duration of this follow up (1 day to 9 wecks, mean of 2
weeks). ‘I'he anterior nares of four became recolonized 1 to 5 weeks after the
course. T'his contrasts with the failure of chlorhexidine treatment used
previously in 20 of the study subjects.

Comparison of these data with those reported for methicillin-sensitive
strains of S. aureus suggests the time to recolonization following mupirocin
treatment is equally prolonged whatever the resistance pattern of the strain.
In fact, when recolonization occurs, it is often with a phage type different
from the original colonizing strain. This appreciable carriage-free period
has proved to be valuable in the management of MRSA outbreaks.

High risk patient groups

Haemodialysis patients. In this population at increased risk of infection the
link between nasal carriage and infection has been clearly established. S.
aureus is the most frequently isolated pathogen™ and infections are caused
by strains persistently carried in the patient’s nose.” In evaluating the effects
of several prophylactic regimens for a haemodialysis patients, Yu ef u_!.”
detected no discernible effect on nasal carriage of S. awrens using
intravenous vancomyein or topical bacitracin. The combination of oral
rifampicin plus bacitracin significantly decreased carriage at 1 \.\:t’%’k and
1 month post-treatment; by 3 months there was no significant difference
from untreated controls.

A number of studies conducted by Boclaert et al. have extcnsi\'}ely
evaluated mupirocin in haemodialysis patients. ‘The initial dnuble-_hlu}d
placebo controlled study™ in 34 nasal carriers demonstrated that mupirocin
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applied three times daily for 2 weeks followed by thrice weekly applications
for 9 months significantly reduced carriage, with only 6% of nasal cultures
in the mupirocin group vs. 58% in the placebo group growing S. aureus.
There was also a significant reduction in S, awreus infection, with one
episode in the mupirocin group contrasting with six episodes in the placebo
group. _ i

‘Subsequently these authors* compared different regimens of mupirocin
therapy, over a period of 9 months in 42 nasal carriers. All patients received
an initial 5-day course of intranasal mupirocin tid, following which they
were randomly assigned either to continue mupirocin on a thrice weekl;-
basis (continuous therapy) or to repeat the 5-day course only if nasal
carriage of S. aureus recurred (intermittent therapy). None of the 21
patients (112 patient months) who received continuous mupirocin had
either positive nasal cultures or developed S. aureus infection in the course
of the study. In comparison, 23 out of 118 nasal swabs from the 21 patients
(124 patient months) receiving intermittent therapy grew S. aureus and five
S. aureus infections developed. Continuous treatment appeared superior.

"I'o evaluate the impact of mupirocin use on the incidence of bacteraemia
caused by S. awreus in the haemodialysis unit and to analvse its
cost-effectiveness, Boelaert'* prospectively treated all stable S. aureus
carriers in the unit with mupirocin, three times daily for 5 days then thrice
weekly for 6 months and thereafter once weekly for the subsequent 18
months of the study. This routine use of mupirocin led to eradication of
nasal S. aureus carriage in 96:3% of surveillance cultures and to a greater
than four-fold reduction in the total incidence of S. aureus bacteraemia
among all the dialysis patients (four episodes in 168 patient-years) when
compared to historical controls prior to the use of mupirocin (18
bacteraemias in 186 patient-years). Importantly, this resulted in a marked
reducti:_m in the mean treatment cost of S. aureus bacteraemias from $896
per patient-year at risk in the historical control population compared to
8§231 per patient-year at risk during mupirocin use.

“T'he periods of thrice-weekly and once-weekly treatment with mupirocin
were compared for effectiveness. None of the 60 surveillance cultures
obtained during thrice-weekly treatment were positive for S. aureus,
compared with 29 of 732 cultures positive during the once-weekly treatment
period. The incidence of S. aureus bacteraemia using mupirocin three times
per week (one episade in 44 patient-years) was the same as the incidence
during mupirocin once a week (three episodes in 124 patient-years). The
total incidence of bacteraemia during this 2-year study was significantly less
than during a 2-year control period, prior to the use of mupirocin. No nasal
overgrowth by enterobacteriaceae or yeast occurred and the authors
concluded that once weekly dosing with nasal mupirocin was effective in
eradicating nasal carriage of S. awreus and decreasing the incidence of
bacteraemias caused by this pathogen.

Several other studies on the prophylactic use of nasal mupirocin in this
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high risk group of patients*® ** support the findings of Boelaert. Hingst et

al.*® reported a prospective randomized, placebo controlled study which
showed that eradication occurred in 76% of 33 haemodialysis patients
treated with mupirocin tid for 10 days in comparison with 11% of 21
placebo treated controls (P<0:001) and approximately half the patients
were still free from nasal S. aureus 20 weeks after the end of mupirocin
treatment. Sampling from other body sites revesled a reduction in
colonization with S. aureus following intranasal mupirocin.

Watanakunakorn et al.’ reported an uncontrolled study evaluating
intranasal mupirocin together with a chlorhexidine body scrub in 22
haemaodialysis patients. The authors suggested that the success rates of 83
and 69% eradication of S. aureus nasal carriage 1 day and 12 weeks
post-treatment, respectively, were excellent in comparison with published
reports of other oral or topical agents.

Holton et al.*® also treated 22 haemodialysis patients who were nasal
carriers of §. aureus with intranasal mupirocin; the eradication rate
immediately post-therapy was 77%. In addition the incidence of 8. aureus
infection in the 3 months post-mupirocin treatment (two infections, both in
patients who had remained nasal culture positive) was significantly reduced
(P=0-03) in comparison with concurrently followed controls (10 infections
in 46 patients).

Rifampicin was chosen as the comparator against mupirocin in a placebo-
controlled pilot study reported by Muro et al.*® In 25 haemodialysis patients
mupirocin achieved 100% eradication of S. auwreus from nasal cultures,
whereas the post-treatment cure rates for rifampicin (300 mg qd for 5 days)
and placebo were 75 and 38%, respectively.

ICU patients. In a previously mentioned study which emphasized the
strong relationship between nasal carriage and infection in ICU patients"
intranasal mupirocin successfully eradicated the carrier state from all 27
patients.

Surgery. Wenzel' has suggested there is now sufficient evidence to test the
hypothesis that eradication of the carrier state would reduce the rate of
postoperative wound infections with S. aureus. This has indeed been
reported by Kluytmans et al.” Mupirocin nasal ointment was applied to the
nose twice daily for 5 days, starting the day before the operation, in 389
patients undergoing thoracic surgery during an 8-month period. In
comparison with 1009 historical controls where the incidence of post
operative wound infection was 8:7% (3:5% due to S. aureus), the incidence
of all postoperative wound infections, and of those caused by S. aureus, was
significantly reduced during the period of mupirocin intervention (2:3% for
all wound infections and 0-3% due to S. aureus). S. aureus was isolated from
two of the nine patients who developed postoperative wound infection after
intranasal mupirocin. ‘T'he preoperative nasal cultures from these two
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patients did not grow S. aureus. Phage typing showed that both isolates
were identical to the tvpe isolated previously from the nose of one of the
nurses on the ward, therefore suggesting that these infections were most
likely acquired on the ward postoperatively.

‘T'he authors conclude from this comprehensive study that ‘elimination of
nasal carriage of S. awreus reduced the postoperative wound infection rate
significantly’. Although the infection rate in this study is relatively high,
the significant reduction seen following the use of mupirocin offers the
opportunity of improving prophylactic antibiotic regimens by reducing
auto-infection caused by S, aureus. ‘I'hese results require confirmation in a
prospective placebo-controlled study to ensure no other factors contributed
to the reduction in wound infection rates compared to historical controls,

Paediatrics. Several authors report the use of mupirocin in neonatal
nurseries. In an outbreak of scalded skin syndrome in a Polish nursery®
caused by an epidemic strain of S. aureus producing the exfoliative toxin,
mupirocin nasal ointment eradicated the organism from all hospital
personnel who were identified as carriers. No new cases of scalded skin
syndrome occurred thereafter. In another report following an outbreak of
MRSA, " colonized babies were treated with mupirocin twice daily for 7
days; all eight babies were clear of MRSA within 3 days of treatment. The
authors stated that two epidemic strains of MRSA were successfully
eradicated from the Special Care Baby Unit by mupirocin and the unit
remained free of MRSA for 36 weeks. Sanchez ef al.®* conducted a
rundomized, double-blind placebo controlled evaluation of mupirocin for
eradication of MRSA colonization in 37 preterm infants. Any infant with a
positive MRS A culture during the 4-week follow-up was treated with open
label mupirocin. At the end of S days of treatment the overall eradication
rate with mupirocin was 98% from the nose and 87% from the umbilicus; 4
weeks post-treatment the rates were 50 and 59% respectively, by which
time all the infants who received placebo had become recolonized,

‘T'hese reports confirm that mupirocin can reduce or eradicate
colonization with S. aurens in special care baby units. Its use may lead to a
reduction in nosocomial infection and thus help to control MRSA
outbreaks.

Familial staphylococeal infection. leigh and Joy™ conducted a study
comparing the efficacy of intranasal mupirocin ' with intranasal
chlorhexidine/neomyein (Naseptin) cream in eradication of nasal carriage in
26 families (99 subjeets including, 32 index (infected) patients and 67 family
members) with recurrent Staphylococcal infections. Both treatment
regimens were combined with chlorhexidine soap for washing and
chlorhexidine powder applied to other possible carriage site. Patients failing
with chlorhexidine/neomyein were then treated with mupirocin. ‘I'reatment
was given for 7 days and follow up swabs were collected 8, 14, 28 and 91
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days after the start of treatment. Prior to treatment, the authors found that
the carriage rate of S. aureus was 67% in the anterior nares, 22% in the
axilla, 23% in the groin and 19% in the perioneal region. Follow up (day 8)
nasal eradication rates were 95% in the mupirocin treated group, 85% in the
group who received mupirocin following failure of chlorhexidine/neomycin
treatment, and 61% in the chlorhexidine/neomycin treated groups. By day
91, 57% of the mupirocin treatment compared with 42% of the mupirocin
treated following chlorhexidine/neomyein treatment, and 8% of the
chlorhexidine neomycin treated group, were again mlnnizud,_ th us
demonstrating a lower recolonization rate during the fnllm\--.up_ pu.rm-.l in
the mupirocin treated patients. No further infection occurred in .‘ifl'ﬂ'h of the
mupirocin treated families compared with 27% of those receiving Naseptin.

Long-term care facilities. Long-term care facilities may serve as a reservoir
for MRSA and subsequently contribute to the spread of the organism when
patients are transferred to acute-care hospitals,™ e e .

A number of studies have evaluated the use of mupirocin in this setting.
Cederna et al.®® screened 102 patients in a Veterans' .-"&dminis.tratmn
Nursing Home and found 39 (38:2%) were coltmiz‘td, 18 \\:lth .E\-'lh.h:% and
21 with MRSA. Colonized patients were treated with mupirocin omntment
and, following treatment, eradication was achic\'cfd in 91:4% of cu!n_mzed
patients, At 1 and 2 months follow-up 11 patients became tranmentl:;:
recolonized and three became persistently recolonized. l(:llflfn1an et al.
sereened 321 residents of a Veterans' Administration Nursing Home, 65
were found to be colonized and received mupirocin, which ra_pld]}-'
climinated MRSA in most patients by the end of 1 week. Weekly
maintenance intranasal mupirocin was not sufficient to prevent recurrence
in 40% of the patients, however when mupimci.n.was used in narze; and
wounds, overall MRSA colonization in the facility ft:“. frqm 22:7% to
11:3%. ‘I'he authors concluded that mupirocin was effective in det,:r::nsl_ng
colonization with MRSA, but constant surveillance was required to 1c‘|ent|tjy
patients recolonizing or being newly admitted. It was also noted in this
study that mupirocin-resistant MRSA were isolated in 10-8% t_Jf patients,
(seven patients with eight resistant isolates, seven low level resistance and
one high level). All patients with low level resistance were successfully
treated and their organisms cleared with mupirocin. _

‘I’hese studies confirm that mupirocin is effective in thmt setting, however,
it is important to consider the value of doing so. If a patient is about to be
transferred to another facility without MRSA, vigorous attempts .t;hnul}l be
made to eradicate carriage. Similarly, where an epidemic strain of MRSA 15
causing clinical infection, attempts to cuntr:;l th.e organism s}‘u:ult:l be T'l"l-!dl..f

In his review of this subject, Marples™ discusses tf_u: implications o
colonization with S, aurens in geriatric medicine. He pomts out that many
geriatric patients suffer from trauma ru:qui_ring_ orthopacdic truatm?'nt,
under those circumstances MRSA becomes significant. He also recognizes
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that a geriatric unit with minimal morbidity may be a significant source of
MI-T.-SA er the local acute services, and the number of infections arising in a
geriatric facility may not predict the virulence of the same organism when
introduced into an acute-care unit or ICU.

RO"? of "'l'ﬂ!_raﬂa;f_zl mupirocin in eradication of methicillin-resistant
Staphylococcus epidermidis

In contrast to other studies, Willems™ assessed the impact of nasal
mupirocin treatment of nurses on the subsequent nasal carriage of
methrcll.lm-resistant Staphylococeus epidermidis (MRSE) by both nurses
and patients on a cardiosurgical ICU. Mupirocin decreased nasal MRSE
carriage in nurses from 71 to 12%. Nasal MRSE in patients on the second
and sm‘fh postoperative days decreased from 85 to 25% and from 90 to 65%

respe_:cm{ely,. during the 1 week period in which the nursing staff receiveci
mupirocin tid, compared with run-in period. The author concluded that
nurses may play an important role in the colonization of their patients with
MRSE and that topical treatment with intranasal mupirocin may be of
benefit to patients in reducing colonization.

Resistance

T'he topical use of any antibiotic is invariably associated with concerns
about }he emergence of resistance. This is particularly important for
systemic agents with life-saving potential. Calcium mupirocin, however, is
not available for systemic use, Furthermore, as a consequence of its no;'el
structure and unique mode of action, mupirocin lacks cross-resistance with
other clinically used antibiotics. fr witro the selection of resistant strains of
S. aureus is slow." T'hese properties appear to be of benefit in clinical
practice,

’l'I)e biochemical mechanism of mupirocin resistance has been extensively
studied. Farmer ef al.* screened 21 strains of S. aureus of varying resistance
to mupirocin (including sensitive strains with 4 minimum inhibitory
concentration (MIC) of 0:12-1-0 mg 17!, moderately resistant strains, M1C
8-256mgl "' and highly resistant strains, MIC> 2048 mgl™'). “They
concluded that production of modified isoleucyl-tRNA svnthetase (IR.‘S‘)
enzyme was the major cause of mupirocin resistance in the strains studied
(niburt. et _af."” subsequently studied a range of isolates includin[.;
susgepublc. intermediate and high level resistant strains, to determine their
IRS_: and presence of a gene known to encode high level mupirocin
resistance. Their results demonstrated that two different IRS CNZYymes were
present in highly mupirocin-resistant S. aureus strains. In strains
expressing intermediate levels of resistance, only a chromosomally encoded
{IQ-S wis detected which was inhibited less by mupirocin than IRS from
fully susceptible strains.
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Resistance among staphylococei to mupirocin remains uncommon. A
total lack of resistance to mupirocin was detected in 200 strains of S. aureus
isolated in the survey of five medical ICUs in France."* A multicentre
survey in the UK®' found only 0:3% of 7137 S. aureus isolates to be resistant
to mupirocin (MIC>4mgl™ ') and only four of these 23 isolates were
highly resistant (MIC>512mgl™'). Mupirocin resistance among
coagulase-negative staphylococci was 3% of 1083 isgolates. A survey
conducted in Spain evaluated mupirocin sensitivity amongst 1500 clinical
isolates of S. aureus from 94 Spanish hospitals collected between 1979 and
1992. These included 1400 sporadic cases (15% MRSA) and 100 from
nosocomial outbreaks (65% MRSA). The survey demonstrated thart
mupirocin did not modify its susceptibility against any S. aureus strains
from 1979-1992. The MIC,, for mupirocin for both sporadic and outbreak
strains was 0-12 pg ml~".%2 A recent study from the USA®™ reported 1% of
1309 nasal isolates of S. aureus to be mupirocin resistant. ‘The level of
resistance was not specified although the MIC,, for mupirocin was
<0-12mgl™".

Low level resistance may be amenable to topical treatment with
mupirocin since such high concentrations are achieved (around
20000 mg1~") with the 2% preparation. Clinical evidence for this comes
from a study involving 1510 subjects in MRSA outbreaks in the UK.* In
this study only seven of the 523 nasal isolates of 8. aureus tested for
susceptibility were resistant to mupirocin (MIC for all seven=32mgl™").
Mupirocin treatment, however, eliminated S. awreus from the nares of all
five patients with bacteriological follow-up. In a separate study during an
MRSA outbreak in a Spanish hospital, an extensive screening program
combined with the use of intranasal mupirocin brought a 2-year MRSA
outbreak under control,” 53 of 530 patients carried MRSA with low level
resistance to mupirocin (MICs 8-32 mg 171, of which 38 had previously
had mupirocin-sensitive strains, In this study, resistance was not related to
failure of nasal elimination. In a study in the US in a long-term care facility
referred to above, 65 patients were colonized with MRSA and received
mupirocin ointment. Mupirocin rapidly eliminated MRSA at the sites
treated in most patients by the end of | week, however recolonization
recurred in 40% of patients. When mupirocin was used on the colonized
wound as well as on the nose, MRSA colonization in the whole unit
decreased. So called mupirocin-resistant MRSA strains were isolated from

10-8% of patients, however the MICs of seven of the eight organisms were
31 to 6:25pugml™', with only one exhibiting high level resistance. .—\}I
patients colonized with low level mupiroein-resistant strains clcarc:d their
organism with continued mupirocin treatment.”’ 'Thus there is now
reasonable evidence that 8. aureus isolates exhibiting Jow level resistance’
can be successfully eradicated following the use of mupirocin.

“I'he overall incidence of S. aurens strains showing high-level resistance to
mupirocin  (MICs>512mgl” 1) remains extremely low despite the
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ihct‘e‘asing_ly widespread use of this agent. Where
source of the resistant isolate is provided, such strains have generally been
associated with patients on dermatology wards or others receiving
prolonged mupirocin treatment for infected skin lesions, often for many
months.*"** " In this setting, there may be an environmental reservoir
contributing to the spread of mupirocin-resistant isolates. In one such
“outbreak, a blood pressure cuff and patients, communal shower were found
to harbour the mupirocin strain colonizing patients. Eradication of the
environmental reservoirs controlled the outbreak "’

In the context of mupirocin use for the elimination of S. aureus nasal
carriage there has been no evidence for the emergence of mupirocin
resistance as a mechanism for the relapse of nasal carrige.® However, it
would seem wise to heed the advice of others®™™ to avoid prolonged and
irregular use and to ensure, through appropriate use, that mupirocin
remains a valuable agent for MRSA outbreak control,

elinical information on the

Dosing regimen for intranasal mupirocin

Inevitably, during the clinical investigation of mupirocin, the duration and
frequency of dosing have varied between studies. The bulk of the clinical
data support twice daily use of intranasal mupirocin for 5 days. Minimal
dose requirements have been investigated by Casewell and Hill'* in 44
stable nasal carriers of methicillin-sensitive S. aureus. A single dose of
mupiroein was compared with four times daily dosing over 2 days. After 7
days post-treatment with one or eight doses, 92 and 96% of the subjects,
respectively, remained free of nasal S. aureus. At present there are no data
on the time to recolonization following such short courses of mupirocin.
Given that the majority of studies have evaluated longer treatment it would
seem appropriate to continue to recommend a full 5-day course particularly
in cases of MRSA. ‘The rapid elimination of MRSA has considerable
economic implications, since mupirocin-treated hospital personnel will be
able to return to work within 24 h of starting tréatment.

Tolerance

Intranasal calcium mupirocin has been found to be well tolerated. In a
review of 2186 subjects who received mupirocin in clinical trials, local
symptoms such as nasal irritation, SNeezing, runny nose or nasal congestion
occurred in 1'46% of subjects. An abnormal taste was reported in 1:10%
and headache in 0-96%. A sensation in throat or sore throat was reported in
0:82%, local pruritus in 0:32% and buming or stinging in 0:23%. T'he vast
majority of these experiences were mild in nature and patients were able to
continue taking the study medication. Only two events, abnormal taste and
sore throat/sensation in throat, were statistically significant and more
common in. mupirocin-treated patients compared with those receiving
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. Ko snecifically relnted to
placebo (vehicle alone). ‘T'hese two events may be specifically related te
mupirocin rather than the vehicle base.

Conclusions

The now considerable clinical exfperi;:pce vwlth ““;:rr]:,‘;::n,l;u;:,}::r:;
aupirocin indicates two distinct roles for this unigue, well-tolerat
:::t’i‘::i:?ri::n\:-rt‘x?é;a:fstl)ecnme the treatment of choice for rh-(inn"l“n;.l:-‘iltllt:.:: u:tl
staphylococeal  nasal carriage.  Firstly, nasal - mupiroc i P‘q 2y
; Hective adjunct to routine infection control I'I'It.dhllijt.\\ | i
U’S"c_ﬁ‘*"-n‘:-' {:; J"\-']RSA epidemics, Secondly the prophylactic use nl‘
;‘S:::f;ﬁsnm higl:l risk patients signi.ﬁc-.mtt}' redm:‘cs ‘t.hx,*' 1{1\1;((:1;“?1;:;;:?‘
infection. 'I'he number of isolates resistant to mupirocin l( £a ; l. Mz 2
L c-L kably low: with continued responsible use mupirocin ""f“’ ¢ nm.h :
;‘;;Ilt::r\.':a‘;lnsl-lalc n;.zcn'r for the elimination of S. arreus nasal carriage and the

consequent reduction in S. enrens infections.

1 L s Tipt
| thank Brenda Mullinger, Editorial Consultant, for help with drafting of the manuserip
than sricla Vi

References

RI*. Nerleman MDD, Jones RN, Pfaller  MA. Methiellin-resistant
WV it . * 0

1. Wenzel T

, o ¥ N . ‘Irt.h‘ Moy
Staphylococeis aurens: implications for the 1990s and effective control meas
: | > g ,Iq 7"" ] . ¥ » s :
Ml LA e ik W, Changing parterns of methicillin resistant
Yeters 1, Greaves W, Frederick W Chanaing J s b
= ]':_ruu; J'."ml"r:rl:nr: umr:u‘ in i inner-city hospital, I‘J?h: ). }n. Prlth"; :'J'l?lﬂ-ﬂf\;{a e
}’;!r:';::fd nce Conference on Autimicrobral Agents andd Chemotherapy, e
Hie ' B E
S Flospital [nfection Society and British
[ a ¢ 1 king party of the Hospital : Iy British
% !:“-‘l"l”:“ ;::r'f\;:;!:\t:t{::giu\l\E'L::rt:l?wru]"!'. (1986). Guidelines ‘f::; ti;;]-lmmnrul of epidemic
: n_"t;\i ?||'|I'n-.rc.=-i:ﬂanl Staphylococens aurens. ¥ Tosp Infect ?'d' .‘._“..‘ 5 b et
+ II‘I'ulfc ; SJ. Smphylococenl sepsis, The changing pattern of disease d 3
. Exvkyn 8] 3 A
188: iz 100 103,
= ltifr?';rtl.i.ll\l'I‘_ Therapy for Stphylococcal infection.
" Discases 1991; 4 757 704,
6. Working  Party Iv'.n.-pnr}.
sthicillin=resistant Stapiy 4
7 r‘:;:qn\'nn D, Johnstone Dy Madyebey J & Sl
‘ ;1|g“thicil]in—n-msz;;nl Staphvioeoccus anrens mfections: v
& 6 2852302 e : . g 2
HEh I;JIH"-:I;\% 2|:“|::i‘!lJI.-‘.}I-II-‘. I'he varrier state: methicillin=resistant Staphylococeus aureis
H. Casewell My, R r Iy l
F Autimicrob Chemother I\‘_JH?; lﬁlhtupl;:ll.‘ ,:ul “:‘ -
il RELR, Casewell MW, Local tredtmg ks
g I!'ﬁ-l'kl‘ Il MRS Marcell Decker; Chapter !“. e SN
('Ilh W Ii --1.-u-r1 1R, Bovken 1. Vi Idll'lt!_l.tl& W, L are r.u.u S Ky
R o v of infections i nasil earriers of Staphylococcus aurent il ,4. o,
t‘ll“ll}"“‘"'i“}i};‘; ::j' the dlst Futerscience  Conference on Chtrnncrobizal lgents
n: Procec ikl Gl | |
El'h:'{!_r[a!h;‘raf?' i\'!'l\lv.".:‘l.::::l{[l !:-l.:.uf .‘.i."npht-fnrnr'rnr anrens nasal vareiee and infection m
11, Yu V6, Goetz A, A ag e Aonag 5 3 Vedd 1986: 315: 91 96, i T
p“'i"“l’; "1\1 l;‘.'n]"“l(“.l I{Mf.‘-:;fh.,-’ f;t..-i?'.;f. Sraplylovucens aurens n:mul'r::_rl;:‘nr ;“‘{I!:':}h]k:]:;:ll‘!
- L o R B s e o : :
2 'I.um:t:ai;h: nt:|kg-mmmmus ambulitory  peritoneal dinlysise upl |
LLE I & Ml s

322:505 304,

Current Opron i Dufections

Revised  guidelines  for  the control ‘LI‘*_ eprleniie
lococcis arerens. ¥ Hosp Infeer 1991; 16; 351 375, e
J. Control of a hospial outbreak
lue of an eolation unit. 7 Hasp

LSA carriee and colonwation. b




% L. R. B. Hudson

13. Regnier B, Decre D. Eradication of nasal carriage of Sta hylococeus aurews by mupirocin
inan intensive care unit, In: Van der Meer JWM, Ed. Nasal Carriage of Staphylococeus
aureus. 4 Round-table Discussion. Brussels, Belgium: Excerpta Medica 1990,

14. _Rm.m_&. Legrand P, Brun Y, et al. Staphylococcus aureus nasal carriage and infection in
intensive care gmuents (poster). Proc 5th ECCMID, Oslo, 9-11 September 1991,
Abstract no. 1551. .

15. Brumfitt W, Hamilton-Miller JMP. The worldwide problem of methicillin-resistant
Staphylococcus aureus. Drugs Exptl Clin Res 1990; XV1(5):201-214.

16. Heczko PB, Bulanda M, Hoeffler U. Nasal carriage of Staphylococcus aureus and its
influence on hospital infections caused by methicillin-resistant strains. Zentralb!
Bakteriol 1990; 274: 333-341,

17. Mulligan ME, Murray-Leisure. KA, Ribner BS, et al. Merthicillin resistant
Staphylococcus aureus: A consensus review of the microbiology, pathogenesis and
g?izdzar;lénlogy with implications for prevention and management. Am 7 Med 1993; 94;

18. Chow JW, Yu VL. Staphylococcus aureus nasal carriage in hemodialysis patients. Arch
Intern Med 1989; 149; 1258-1262.

19. Slocombe B, Perry C. The antimicrobial activity of mupirocin
o7 Haslf Infect 1991; 19 Suppl. B: 19-25.

200 Hill RLR, Casewell MR. Stability of mupirocin in organic substances with particular
reference to treating nasal carriage of methicillin-resistant Staphylococeus aureus. Proc
7th Int Sympasiun on Future Trends in Chemotherapy 1986: 147,

21, Sutherland R, Boon RJ, Grifin KE, Masters PJ, Slocombe B, White AR. Antibacterial
activity of mupirocin (pseudomonic acid), a new antibiotic for topical use. Antimicrob
Agents Chemother 1985; 27: 495-498,

22. Dacre JE, Emerson AM, Jenner EA, Nasal carriage of gentamicin and methicillin
resistant Staphylococeus aureus treated with topical pseudomonic acid, Lancer 1983;
October 29th, 1036. (Letter).

23, Casewell MW, Hill RLR. Elimination of nasal carriage of Staphvlococeus aureus with
l;‘fl:gpi]l’;i;in (*pseudomenic acid®) - a controlled trial, ¥ Antimicrob Chemother 1986: 17:

24. Doebbeling B, Breneman [, Marsh R, Reagan D, Wenzel R. Multi-centre study of
elimination of Staphylocaccus aureus nasal carriage with calcium mupirocin ointment in
healthy subjects. In: Proceedings of the 32nd Interscience Conference on Antimicrobial
Agents and Chemotherapy; 1992; Oct 11-14, Anaheim. Abstract no, 1688.

25. Reagan DR, Doebbeling BN, Plaller MA, & al. Elimination of coincident
Staphylococcus aureus nasal and hand carriage with intranasal applicatio
caleium ointment. Ann Intern Med 1991; 114: 101-106,

26. Doebbeling BN, Pfaller MA, Reagan DR, Houston AK, Hollis R], Wenzel RP,
Investigation of the epidemiology of S. aureus carriage. In: Proceedings of the 3ist
é;fm;fma Canference on Antimicrobial Agents and Chemotherapy; 1991; Abstract no.

27. Dacre ], Emmerson AM, Jenner EA. Gentamicin-methicillin-resistant Staphylococeus
aureus: epidemiology and containment of an outbreak. F Haosp Infect 1986; 7: 130-136,

28. Redhead RJ, Lamb Y], Rowsell RB, The efticacy of calcium mupirocin in the
g?zdg:sa‘l‘inn of nesal Staphylococcus aureus carriage., Br J Ciin Pharmacol 1991; 45;

29. Cederna JE, Terpenning MS, Ensberg M, Bradley SF, Kauffman CA. Staphylococcus
aureus nasal colonization in a nursing home: eradication with mupirocin. fnfect Control

Hosp Epidenmiol 1990; 11: 13-16. i

. Jimenez i\-U., del Rey MC, Henar, Carrasco N, Alarcon T, Lopez-Brea M, Effect of

nasal mupirocin in an outbreak of methicillin-resistant Staphylococcus aureus. In:

ggrﬂ‘rﬁm: of the [7th International Congress of Chemotherapy; 1991; Berlin, Abstract no.

an update on resistance.

n of mupirocin

3

il

Klugman KP, Blumberg L, Motsoatsoa C, Hlatshwayo D, Khoosal M. Use of
mupirocin to control methicillin-resistant Staphylococcus aureus bacteremia in high risk
areas within a hospital in which MRSA are endemic. In: Proceedings of the 32nd
Interscience Cunference on Antimicrobial Agents and ( ‘hematherapy; 1992: Oct 11-14,
Anaheim. Abstract no. 363:171.

2. Davies EA, Emmerson AM, Hogg GM, Patterson ME, Shields MD. An outbreak of

Intranasal mupirocin 97

illi i . sial care baby unit:
infect J icillin-resistant Staphyvlococcus aurens in u special care 3
::ri:::‘::}nn:\;:it:‘nrn::gi}::;lir;T:ar:(cl of traditional methods of infection control. 7 [asp Infect
3 10: ~128, : ’ :
33 g?:\;ﬂlrjaila ]%v{;{‘l Bhana RH, Johnson AP, Haffejee 1, Marples RR. A L‘-hr’.rmm!',
" confirmed outbrenk of rifampicin-methicillin resistant Sraphvlococcus aurens in & new:
% Haosp Infect 1989; 14; 303-312. i I :
34 t;i(;:-?e?tugl?’ty'r{c quuc: {ﬂ' nisal mupirocin in containing an m.u_lhrn.--,:k :ff ?r;l’jl‘,_I!‘::
" resistant Staphylococcus anreus in an K‘I’lhﬂpﬂ;:’dlz"unﬂ. J’rff_rf_r{m [‘::J‘J:‘;f)ti'l:?ﬂn‘l[ fi:;(-rm:;';
5 Gaspar C, Fernandez C, Arroyo P, Cruzet . The  of ¢ .
o Es?*:::lﬂtt[}r;*lgia:?::rriagc and the use of nasal mupirocin for the control ”T‘h“mm-””-];
re;isl':m Staphylozoccus aureus. In: Proceedings of the 32nd Interscience € ;:;;)I‘cr:v-ta:er:::
Antimicrobial Agents and Chemotherapy; 1992; QOct 11-14, Ansheim. Abstrac 3
36 :;Céaz::ngl‘l MW, Hill RLR. Minimal dose requircm;ms‘ga;numli r;u;;i;nf[i}n and it role in
] ) 1 1e 5 991; 19 Suppl. B: 35 40,
the control of epidemic MRSA. ¥ Hosp Infect 19915 1! 1 S
7 1D, Phillips 1. The efficacy of mupirocin In the eradicatiol ! :
2 S-::f:iﬁ? .’Smphﬂomrms aureus. In: Proceedings of mjmh International Cangress of
f“.‘lf'mdltherﬂp\'; 1989: Tune 11-16; Jerusalem. Abstract: 291. ; S e
38, Guerrero G Blazquez M], Parras E, et al. Mupirocin vs. .cmrlm-maz‘c_l’c p{us p ';F
i I'-::i:iic acid in the treatment of MRSA carriers. In: Proceedings af :hcl,:l_:;ri rr.:cr.s::c:m_
Conference on Antimicrobial Agents and Chemotherapy, 1992; Oct 11-14, Ansheim:
; : 171, e ; X s
39 %Eﬂ:\“‘?: {l‘? éfzs;ka M, Heezko B. Effect of mupirocin on nasal carniage of Staphyiocoe
% eus. ) Infect 1989; 14: 117- 124, : :
40) ?gzggéj:ng[{f:{le;éan DR, i’fallcr MA, Houston A[]\, \\'cn;,trsl‘ RP. l.on:a:::lrr:nﬁnuz:d
- course i asal mupirocin on the prevalence of 5. aureus nasal
:T.-:L:D olrlt'lt (;::r::sr:’rtr?r:::l:‘ of the 3 }1: Interscience Conference on Antimicrobial Agents and
‘hemotherapy; 1991 Abstract no. 1033:271. . g
1 ‘I‘.—lﬁfﬁﬂgij{ﬁwg}x;c;iw:ﬂh G]J, Casewell MW, Elimination of nasal carriage of m;.-th;m]lmb
2 rc;iﬁhn‘l Slmphyz'amrms anreus with mupirocin during a hospiral outhreak. 7 Antimicro
Chemother 1988; 22: 377-384. : Lo e
> 3 A, De Bacre YA, et al. "The influence o : ] HrFoc
i :::;ﬂ:mn?nﬁl-.zt) Euﬁn:;:\ftiscidcnsr of Staphylococcus aureus infections in hemodialysis

atie Nephrol Dial Tramsplant 1989; 4: 278-281. =5 PR
43 ?;:::I:::! ;Efp De Baere YA, Godard €, Van Landuyt HW, ?“;ihm .-\d/f. I;,f:?li;:'lﬂl;!yl:;
x g:aph)‘!acm-.:m aureus in dialysis by nasal mupirocin. In: Jl'r).n-:'” JT’{JSO- e 2ot
-h:.rarm'me‘r Conference on Antimicrahial Agents and Chemotherapy; %
Abstract no. 1262:315. e
44. Boelaert JR, Van Lunduyt HW, Go
et al. Nasal mupirocn ointment

Jdard CA, Daneels RF, Schurgers ML, Matthys EG,

decreases the incidence of S!aphy_i}mrgsq aureus

bacteremias in hemodialysis patients. Nephral Dr;al‘ Transplant l_‘)‘i}; Bﬁaﬁfgim,ﬁm 5

45. Holton DL, Nicolle LE, Diley I, Bernstein K. Efficacy ul"rnupnrmagl.] soimen
2 eradicating '.S’mphy!umrrus aurens nasal carrigge in chronic haemodialysis p

+1991; 17: 133 137. : ‘ : s
40 :?i’:lz;:”f:’d {'?r:;lrl.z W. Bommer |, Bornefl M. Prospective randomised placebo
¥ 5 . '

) ) an hylococcus aureus by means of
G : . concerning the ehimination af Staph) ( ]
::‘:lr::;(!'jf.lll:l‘l:l} ?LUG{;\at:';u;k umltrguing hemodialysis {p;:stcrzj Igremn.'ronal Congress on
Managenentof Infecton: 1992: S 3 0 20n et a B Stahl €. The effcacy of
7 J >, Brandt ], Durkin 1Y, « paathl 4
e imil:::f I-(it;anc:lil:'.;:rr'n:lc&t‘nnd chlorhexidine body scrubs in the cradmmo;_ “{F-‘ma},ﬁﬁ r-;wﬁ;::f
?rl:;h \'r'Lumr:m: aureus among patients undergoing long-term hemodinlysis.
Control 1992; 20: 138-141. : RN Lo e
H. f(\‘-;””::"i{lqlizr:'nzl?[%. A comparison of mupirocin and rifampicin in s‘l;ur‘tg:;r&n::f:({i}}ulléx‘;xlr:
X of g'rmph:.'h;mrrm' aurens basal carringe in hemodialysis patients. 7 Am P
S ioti is. N B 2, 326: 337 339,
49 %&"34?4 RI’, Preoperative antibiotic prophylaxis. N Engl J Med I‘I ‘l‘i..t. 3123““5“. Al
500, l(ltln‘:rnmw'J Maat A, Manders M, Wigenvoort J. Reduction o p;m_-;,zlrrﬂb_ws s
5 ft‘l:ttinn by climination of nasal carringe of Staphyiococcus rm;;us. ?};rmpv ey
I;};:} Interscience Conference on Antimicrobial Agents and Chento Vi :

11-14, Annheim. Abstract no, 1267:322.




A i A A

ga.
51

52.

53.

54

36

57,
58.

59

0f),

6l.

62

63.

04,
65,
0y,

7.

(1
0Oy,

7.

L. R, B. Hudson

Bulanda M, Czopek E, Heczko PB. Prevention of outbreaks of staphylococcal scalded
skin syndrome in nursery by treating carriers of Srap}a(edamccm aureus with mupirocin.
In: Proceedings of the 7th Mediterranean Congress of Chemotherapy; 1990, May 20-25,

Burcelona, Abstract no. 984:211.

Sanchez PJ, Shelton 8, Threlkeld N, Fisher L, Sumner J, Grier CE, Randomized,
double-blind placebo controlled evaluation of mupirocin ointment for eradication of
methicillin-resistant Staphylococens aureus colonization in preterm infants, In: Proceed-
angs of the 32nd Interscience Conference on Antimicrobial Agents and Chemotherapy; 1993,
Oct L1~14, Annheim. Abstract no. 1690:392.

Leigh DA, Joy G. Trentment of familial Staphylococeal infection— Comparison of
mupirocin nasal sintment and chlorhexidine/neomycin (Naseptin) cream in eradication
of nasal carriage, ¥ Antimicrob Chemother 1993 31: 909-917.

Hsu CCS, Macaluso CP, Special 1., Hubhle RH, High rate of methicillin resistance of
Staphylococcus aureus isolated from hospitalised nursing home patients. Arch Intern Med
1988; 148: 569-57().

Cederna JE, Terpenning MS, Ensberg M, er al. Staphvlococeis airews nusal colonisation
ina nursing home: eradication with mupirocin. Infect Control Haosp Epideminl 1980; 11:
13-16.

Kauffman CA, Terpenning MS, He X, ef al. Attempts to eradicate methicillin resistant
Staphylacoceus aurerss from a long-term care facility with the use of mupirocin ointment.
Am J Med 1993; 94: 371-378.

Marples RR. Iow significant arc methicillin-resistant Staphylacoccus aureus in long-
term geriatric care. Drugs Ageing 1992; 2: 369-373.

Willems F'T'hC. Fluctuation in nasal carriage of MRSE as a consequence of treatment of
cardiac surgery patients and nurses with mupirocin, International Congress on Manage-
ment of Infection; 1992; April 5-9, Amsterdam. Abstract no, 109: p2.

Farmer TH, Gilbart J, Elson SW. Biochemical basis of MUPLrocin resistance in strains of
Staphylococcus aureus. J Antimicrob Chemother 1992; 30: 587-596.

Gilbart J, Perry CR, Slocombe B. High level mupirocin resistance in Staphylococcus
anreus: Evidence for two distinet isoleucyl-tRNA synthetases. Antimierob Agents Chenmo-

ther 1993 37: 3238.

Cookson BD, Lacey RW, Noble WC, Reeves D5, Wise R, Redhead RJ. Mupirocin-

resistant Stapliviococens aurens. Lancet 1990; 335: 1095-1096.

Martin de Nicolas MM, Vindel A, Torrellas A, Suez-Nieto JA. In-vitro activity of
mupirocin and 11 other antibiotics against 1500 Spanish clinical isolates of S. aureus
causing hospital infections from 1979 1o 1992, 18th International € ‘ongress of Chemo-
therapy Junc 27 July 2/ 1993, Abstract no. 891,

Gu JW, Briones F, Fang W, Scully BE, Neu HC. Susceptibility of 1309 nasal isolates of
Staphvlococeus aureus from hospital personnel in the United States to 21 antibiotics.

American Soctety for Microbivlogy meeting; 1991 Dallas: Abstract A97.

Smith GE, Kennedy CTC. Staphylucaceus aureus resistant to mupirocin. ¥ Antimicroh
Clhemother 1988; 21 141 142,

Rahman M, Noble WC, Caokson B, Mupirocin-resistunt Staphviococcus aureus. Lancet

1987; 2: 387. (l.etter).

Baird D, Caia J. Mupirocin-resistant Staphylococcus aureus. Lancet 1987; 2: 387 388,

{letter).

Layton MC, Perez M, Heald P, Patterson JE, An outbreak of mupirocin-resistant

Staphylococcus aurens on a dermatology ward associated with an environmental reser-

voir. fufect Control Hosp Epidemiol 1993; 14: 369-375.

Hill RLR, Cusewell MW, Nasal carriage of MRSA: the role of mupirocin and outlook

for resistance. Drups Exptl Clin Res 1990; XVI: 397 402,

New HC. The use of mupirocin in controlling methicillin-resistant Staphviococens
wuerens. dnfect Contral Hosp Epidemiol 1990; 11 1112,

Cookson BIY, Mupirocin resistance in staphylococei, J Autimicrob Chemother 1990); 25:
447 503.

T e

B i

AR R RN - i e =

o
2

L,

e




	P1116123.JPG
	P1116124.JPG
	P1116125.JPG
	P1116126.JPG
	P1116127.JPG
	P1116128.JPG
	P1116129.JPG
	P1116130.JPG
	P1116131.JPG
	P1116132.JPG

