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Nasal and Hand Cartiage of
Staphylococcus aureus
in Healthcare Workers

BRADLEY N, DOEBBELING

Summary

Six double-blind, randomised placebo-controlled clinicat
trials in the United States have evaluated the elimination of
Staphylococeus anvens carriage in healthcare workers with
mupirocin cintment, Consistent data from the six centres
demonstrated that calcium muplrocn ointment administered
intranasally for five days is snﬁ: and effective in climinating
asal carringe of S, axrens, Fland culeures were also performed
at one centre, showing that hand carvinge rates were signifi-
cantly decreased 72 hours post-therapy and at six months,
Additionally, molecular typing of all isolates obrained from the
nares and hands found identical strains at both sites in the
majority of subjects, implicating the nares as the primary reser-
voir of S, atirens colonisation.
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Affairs Medical Center, Towa City, Iowa, United States of
America
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INTRODUCTION

Recent epidemiological studies have shown
that Staphylococcus gurens remains an impot-
tant cause of nosocomial infections.! Therapy
for serious staphylococcal infections has
become increasingly difficult with the emer-
gence of strains resistant to multiple antibiotics.
Many healthy adults are persistently or inter-
mittently colonised with §. aurexs in their ante-
riot nares ? and thus are at increased risk for
cettain staphylococeal infections. Although var-
fous topical and systemic antibiotics have been
used to eliminate nasal carriage, recolonisation
typically occurs after 2 brief period of time.

Mupirocin (pseudomonic acid A), obtained
from Psendomonas fluorescens, is a topical
antibiotic with a unique chemical structure
which exhibits excellent ## vétro activity against
a wide range of Gram-positive organisms,
including methicillin-susceptible and methi-
cillin-resistant strains of 5. aurens.*® Dacre and
colleagues 7 used a formulation of mupirocin in
polyethylene glycol to control successfully an
outbreak of methicillin-resistant S. aureus
(MRSA). However, irritation of the nasal
mucosa was noted and a new formulation in a
white soft paraffin base was developed to elim-
inate this side effect,

Studies at the University of Towa on the car-
riage of S. aureus in healthcare workers were
stimulated by the work of Casewell and Hill,f
who performed the first clinical trizl of
mupirocin in eliminating nasal carriage. Using a
2% mupirocin ointment in white soft paraffin
in healthy nasal carriers, administered four
times a day for five days, all 32 carriers were
cleared of nasal . aureus after two days and
resnained negative for two weeks. Even
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22 weeks later, 56% of the subjects were free
of nasal colonisation. Furthermore, none of the
carriers had §. anreus recovered from the wrist
or perineal sites immediately post-therapy.

Subsequently, a series of six independently
randomised double-blind, placebo-controlled
clinical trials was performed in the United
States to evaluate the elimination of . awureus
nasal carriage using calcium mupirocin oint-
ment. This paper presents an overview of the
pooled results,” as well as a review of the
results obtained from our centre at the
University of Towa & which independently stud-
ied hand and nasal carriage. Finally, the
prospective follow-up of the original study
cohiort from our centre is also reviewed M
including an investigation of the long-term epi-
demiology of carriage among healthcare wark-
ers using molecular typing methods,>!!

STUDY METHODOLOGY

All six centres followed a common
protocol.” Healthcare workers, aged 18 years
and above, who were stable nasal carriers of S
aureys and without systemic illness, were
enrolled in the wial, The entry criteria required
two nasal cultures on two separate occasions,
at least 24 hours apart and within a five day
period. Minimal exclusion criteria included
hypersensitivity to mupirocin or white paraffin,
chronic cardiac, renal or hepatic discase or a
history of any type of dermatitis; however, very
few subjects were excluded.

Mupirocin and placebo ointments were dis-
tributed as identical 15 g tubes.? A 1 em
length of ointment (equivalent to 5 mg of
mupirocin) was measured onto & sterile swab
and applied to each of the anterior naves (1 cm
per naris) and massaged backward for one
minute to distribute the ointment fully. A toral
of 10 doses was applied (morning and evening
for five days). Spceimens for bacterial culture
were obtained with 2 sterile rayon swab, one
rotated five times in each nostril, and both
swabs directly inoculated onto a single blood
agar plate. Colonies of S. aureus were identified
by morphology and slide latex coagulase tests.
Antibiotic susceptibility tests were performed
using disc-diffusion techniques, with or without
replication by microbroth dilution according to
National Committee for Clinical Lahoratory
Standards (NCCLS). In addition, all isolates

undetwent phage typing and/or plasmid analy-
sis at a reference laboratory.

Therapy was considered successful if cul-
ture of the anterior nares 48-96 hours after the
last dose was negative for S. aurcus. Further
follow-up cultures of the nares were also taken
one, two and four weeks after therapy.

POOLED RESULTS FROM THE SIX TRIALS

The six clinical trials were performed at the
University of Towa, University of Cincinnati,
Columbia University, University of California
San Francisco, St Joseph’s Hospital in Tampa
and the Medical University of South Carolina.’?

A total of 339 subjects was enrolled in the
studies, 170 in the mupirocin group, 169 in the
placebo group.” There were no significant dif-
ferences between the groups in baseline charac-
teristics such as age, gender and race (Tuble 1).
There was a similar frequency of reasons for
discontinuation in both groups.” Overall, 24
subjects {14 mupirocin, 10 placebo) were
unable to continue in the study. Of these, eight
subjects were excluded because of negative
pre-therapy cultures (five mupirocin and three
placebo), Le,, subjects who did not meet the
enrolment criteria. The only adverse event
leading to discontinuation was an unpleasant
after-taste experienced by one subject receiving
mupirocin.

TanLE ¥« Demographic duta of the pavticipants i the siv
clinical trinds,

S Mupiragin Plucebe
Characteristic (h=170) (=169}
Age: meon £ 5D 329 +92 32.7 £ 8.6
{range) (18-62) (21-60)
Gender: no. {%:}
Female 104 (61) [ {59}
Mule 66 (3% GY (41}
Race: no. (%)
Caucasian 128 (75) 120 (71)
Hispanic 14 (8) 14 (8)
African-American 10 (6} 11 {7)
Asian 12 (7} 19 (1)
Other 6 4 5%

Note: resulis included here, with permission from:
Doebbeling BN, Breneman DL, Nea HC et al. Elimination
of Staphylococcus aureus nosal carringe in health care workers:
analysis of six clinjeal trials with calcium mupirocin cintment.
Clin Infect Dis 1993; 17: 466-474
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The primary end-point in the study was
elimination of S. sureus from the nares at 48 to
96 hours post-therapy” Table 2 shows the rate
of eradication of 8. awrcus among the partici-
pants evaluable in the six centres, The overall
rate of eradication was 91% in the mupirocin
group versus 6% in the placebo group, giving
a cruede difference of 85% and an adjusted dif-
ference of 90%. The overall risk ratio for S.
aerens carriage following treatment was 16.
Thus, participants were 16 times more likely to
have S, gurens in the nares after treatment if
they had reccived placebo compared to
mupirocin., This effect was consistent across
centres (ranging from eight to 32).

Yanri 2 - Nusal carviage efivaination rates of Staphylo-
eerecns aurens among cvaltable subjects from the six clinical tri-
als.

- Centse Mupiracin® Hacebo™ p value
All 1307143 {91) 8/142 (@) <0.0001
1 31732 (97} 1/33 (3) <(0.0001
2 21/23 (9 120 (3) <(.000!
3 19/28 (68) 1/30 (3) <0.0001
4 6/7 {86) 0/5 <0.015
bl 20/20 {100} 1/23 (4) <(.0001
6 33733 (1000 4/31 (13} <0.0001

t Number af participants with eradication of 5.
arprensfotal number (% with eradication)

Note: results inctuded here, with permission from:
Dachbeling BN, Breneman DL, New HC et al.  Elimination
of Stuphylococeas arerens nusal cacriage n health care workers:
avalysis of six clinical trials with caleium mupivocin ointment,
Clin Infect Dis 19933 17 466-474

Rates of nasal earriage climination for sub-
jects at most centres ranged from 68% to
100%.7 There was a highly significant differ-
ence (p<0.001) at all but one of the individual
centres and overall for all centres combined.
Although the protocol called for the enrolment
of ut least 50 subjects at each study site, only
12 subjects were enrolled al the sixth centre.
Despite the small study sample, the results at
this centre were also significant (p<0.015).

An intention to treat analysis which includ-
ed all enrolled subjects, including those who
did not meet all the pre-defined evaluable sub-
ject criteria, found similar results: 87% of the
mupirocin group and 7% of the placebo group
were free of S. aurens in the nares post-treat-

ment (p<0.001).7 A log linear model showed
no evidence of any interactions between the
treatment centre and outcome. This analysis
demonstrates that there was a consistent effect
in favour of mupirocin which was unaffected
by any of the differences in patient populations
or the method by which the protocol was
implemented at each centre.

The proportion of subjects who were nega-
tive post-therapy and remained negative at the
four week follow-up period is shown in Table
37 Interestingly, 74% of the successfully treat-
ed mupirocin subjects (96/130) remained nega-
tive at four weeks, while only one of the eight
subjects in the placebo group who had been
negative post-therapy remained negative.

TABLE 3 - Ratex of nasal carviage climination throughou!
the four week follow-up period from the six clinical triaks.

Cenire Mupirocin® Placebo™
All 96/130 {74) 1/8 (13}
1 26/31 (84) 0/1
2 14/21 (67) 0/1
3 12/20 (60} on
4 4/6 (67) 0/0
5 16/20 (80) 011
6 24/32 (75) 1/4 (25}

* Number of participants with negative nasal cultures
one week, two weeks and four weeks after therapy/total
number (% with negative cultures)

Note: results included here, with permission from:
Doebbeling BN, Breneman DL, Neuw HIC et ul. Elimination
of Staphylocaceus aurens nasal cardage in health care workers:
anulysis of six clinical trials with caleium mupirocin ointment.
Clin Infect Dis 1993; [7: 466-174

Molecular typing was performed both by
phage and plasmid paitern analysis.” Among
the placebo subjects with post-treatment iso-
lates, 97/106 (92%} had the same strain as was
present at baseline. In the mupirocin groups,
considcrably fewer isolates were available after
treattment; however, 5/7 (71%) had the same
apparent strains as at baseline, whereas a new
strain was found in the remainder (29%).

The study also tested for development of
mupirocin resistance. Although at the base-
line there were five isolates which showed
mupirocin resistance by disc-dilfusion, when
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the isolates were tested by broth microdilution,
all the isolates had minimum inhibitory concen-
trations of less than 0.12 mg/l. At follow-up,
two of the mupirocin 2nd one of the placebo
subjects who had resistant strains according to
the disc-diffusion technigue at baseline were
negative for any S. gureus post-treatment. One
of the placebo subjects was not evaluable for
efficacy. The third placebo subject was positive
at follow-up; however, the isolate was
mupirocin-susceptible by both techniques.
Following treatment, five isolates were consid-
eted mupirocin-resistant by the disc-diffusion
technique, four in the mupirocin group and
one in the placebo group. All of those isolates
were mupirocin-susceptible by broth microdi-
lution. The study demonstrated that the two
susceptibility testing techniques do not agree.
However, since there was no resistance accord-
ing to the more reliable technique, we conclud-
ed that there was no evidence of development
of mupirocin resistance.

Adverse experiences were reported by 57
subjects, 17% in each treatment group.” A
similar frequency of respiratory or nasal signs
and symptoms also occurred in each treatment
group (14 mupirocin, 12 placebo), all of which
were mild or moderate in severity. There were
no serious advetse events.

UNIVERSITY OF IOWA STUDY

Our stucly at Iowa followed the same proto-
col as the other live centres; however we also
evaluated hand carriage and performed entich-
ment cultures in addition to direct inoculation
onto blood agar plates® Additionally, we eval-
uated subjects in the original cohort at regular
intervals over the year following therapy®?

A total of 311 healthcare warkers was
screened for nasal carriage using a pre-moist-
ened rayon swab.* Of these, approximately
one-third wete nasal carriers with at least one
positive culture, and 73 subjects {23%) had
stable nasal carriage confirmed by a second
positive culrure. Five volunteers were judged
incligible for enrolment by the pre-defined
exclusion criteria, and the remaining 68 sub-
jects were randomly assigned to receive
mupirocin or placebo (34 to each group).

The baseline characteristics of the two study

groups were quite similar (Table 4).2 Subjects
in the mupirocin group were slightly older (p
=0.20). Although not statistically significant, a
trend towards older age could have biased the
results against the mupirocin trearment and in
tavour of placebo. Nearly all of the 68 subjects
completed the full three months of follow-up.
The only subject not evaluable lefr town
because of a death in the family and failed to
take his medicine with him. All other cultures
were obtained with the exception of one cul-
ture each in two different subjects (0.6% of the
total).

TasLe 4 - Charactevistios of the participants in the
University of lowa study.

o Mupirocin Placebo
Characteristic (n=34) fn34)
Mean age (years) 3497 121
Gender: no. (%}

Female 24 (7 23 {GR)

Male 10 (29) 11 (33)
Race: no. (%)

Caucnsian 313 (9% 32 94

Other 1 (3) 2
Involved in patient care: no. (%1 26 (77) 10 {RY)
Eady withdrwwnl from study: no,. 0 1

¥ p=0.20. Note: all other camparisons not statisticaily
significant {p=0,20)

Note: results included here, with permission from:
Reagan DR, Dochbeling BN, Plaller MA et al. Lliminution ol
coincident Staphyfocavens awrers nasal aned haned carrfage with
intranasal application of mupirocin enleiunt vinment, A
Interty Med 19915 114 101-106

Nasal cultures were obtained as described
above with an additional culture into TLSO
(5% Tween 80, 2% lecithin, 0.5% sodium
oleate, 0.1% sodium sulphite, 0.1% proteous
peptone and 0.1% tryptone) broth enrichment
media, incubated for 24 hours, then subcul-
tured onto blood agar® Hand cultures were
carried out by immersing each hand in a sterile
plastic bag containing 30 ml of TLSO broth
media and agitating for 30 seconds.® Aliquots
of the broth were cultured onto blood agar
plates and a further aliquot was incubated for
24 hours, then subcultured onto blood agar
plates. Nasal and hand cultures were taken at
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72-96 hours posi-therapy, and nasal cultures
were repeated one week, two weeks, one
month and three months post-therapy. Long-
term nasal and hand cultures were obtained at
six months and one year (sec “long-term fol-
low-up” section below).

Figure 1 shows the rates of nasal carriage at
each interval after treatment,® The upper line
demonstrates that rates of nasal carriage in the
placebo group declined aver time from 100%
at baseline to 82% after 12 weeks, In the
mupirocin group at 12 weeks, 29% were posi-
tive for S, awrens. Thus there was a highly sig-
nificant difference at three months in nasal car-
thge {p value <0.001; 95% confidence interval
(CL,) 26-80%). Thus, it is estimated that treat-
ment resulted in a 53% difference in nasal car-
riage of S. aurews three months after therapy,
although this difference could range from 26%
to 80% in the overall population.

100
(4]
E 80
=
= —0— PIKtoO
S 60 | —— Mot
o
=
= i
7] 40
Qo
o
® 20
I
T T T ¥ =T T T T

BL 0 1 2 3 4 5 6 7 & 9 0 11 12

# Weeks Post-Traalmant

Vipure | - Rates of nasal carriage a2 cach time interval
after treatment (University of Jowa sudy).

Note: resutts ineluded here, with permission from:
Reagan DR, Dochheling BN, faller MA et al. Eliminaton of
coincident Staphylocorcns aurcas nasab and hand carriage with
intranasal application of mopirocin cdcium ofntnenr, Ann
Internn Med 199105 184 100106,

Figure 2 demonstrates hand carringe rates at
baseline and at 72 ta 96 hours post-therapy. At
baseline there was a slight difference in hand
carriage, 29% in the mupirocin group com-
pared with 50% in the placebo group
(p=0.137). Only 3% of the mupirocin group as
opposed to 58% of the placebo group carried
S, qurens on the hands post-therapy, a signifi-
cant decrease, even controlling for the baseline
difference (p<0.001; CI,30-80%).%
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Figure 2 - Hand corriage rates at boseline end at 72-96

"hours post-therapy {University of Towa study).

Noter results included heve, with permission from:
Reagan DR, Doebbeling BN, Pfaller MA et al. Elimination of
coincidenr Stapbylococcus ayvens nasal and hand carriage with
intranasal application of mupirocin celcium ointment. Ann
Intern Med 1991; 114: 101-106,

We also performed molecular typing using
restriction endonuclease analysis of plastnid
DNA, and some sample subjects are shown in
Figure 3.2 The first three columns show a
placebo subject whose pre-treatment nasal
{lane 1) and pre-treatment hand (lane 2) iso-
lates appeared identical; at 12 weeks the same
strain was isolated from the nose (lane 3).
Lanes 4 and 5 show a mupirocin subject whose
pre-treatment nose and hand strains were iden-
tical; subscquent cultures wete negative until
week 4 when a strain with the same pattern
{lane 6} was isolated. Lane 7 is an isolate [rom
another mupirocin-iteated subject whaose pre-
treatment nasal isolate had one pattern and
subscquently (following four negative nasal cul-
tures) at the three month visit had a post-treat-
ment hasal strain (lane 8) that had an obviously
different plasmid type (i.e. re-colonisation by
an apparently new strain).

Overall, the treatment group had signifi-
cantly decreased nasal carsiage at three months
as well as significantly decreased hand carriage
at 72 hours post-therapy. Molecular typing of
the strains colonising the hands demonstrated
that the isolates were almost uniformly of the
same plasmid and antibiogram type as the
strains colonising the nares. Side effects were
mild, of brief duration and resolved with con-
tinued therapy. The frequency of any adverse
experience was essentially identical in each
group (22 mupirocin vs 23 placebo) and not
significantly different. Thus, the study demon-
strated that intranasal mupirocin calcium
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Figure 3 - Molccular typing using restriction endonucle-
ase anlysis of plasmid DNA (University of Jowa study).

Note: results inchuded here, with permission from:
Reapgan DR, Dochbeling BN, Pfaller MA et o, Elimination nf
coincident Stapbylocuccns aurens nasal and hand cacriage with
Ineranusal application of mupiracin calcium ointment. Ann
Trztern Med 19913 114: £01-106,

ointment was safe and effective in eliminating
S. aurcus hand carriage shortly after therapy, as
well as nasal carriage for up to three months
after a single brief treatment course.
Importantly, the study results suggested that
the anterior nares were the primary reservoir
for S. aureys carriage in healthy adults,

LONG-TERM FOLLOW.UP STUDY

The original cohort of healtheare workers
from the clinical trial at the University of lowa
was followed prospectively over a one year
period’" The nares and hands of the subjects
were cultured at six and 12 months, in addition
to the coltures previously obtained. The iso-
lates were typed by restriction endonuclease
analysis of plasmid DNA and by antibiotic sus-
ceptibility testing. ' Of the 68 healtheare
workers in the initial group, 100% were cul-
tured at six months and 93% at one year. The
major outcome measure was the occurrence of
any S. sureus cultured at either site {nares or
hand) ar six and 12 months, regardless of mol-
ecular type®!t The similarity of nasal and
hand isolate types at each time interval was
compared with baseline isolares.

At six months, nasal carriage was 48% in

the mupirocin group versus 72% in Fhe, con-
trols, 4 relative risk for S, aureis of 0.68 in the
treated group, with a dlffe{'enf:f? that
approached statistical significance
{(p=0.054).""1' At 12 months, nasal carriage
was 53% in the mupirocin group versus 76%
in the controls, giving a relative risk of (170,
{p=0.056). Hand carriage at six months was
significantly reduced in the mupiracin group,
15% versus 48% of controls (p=0.04), after
adjusting for the bascline rate of hand carringe,
Hand carriage was observed at least once in
two-thirds of the subjects during the one year
follow-up. Nearly all of the isolares (87%)
matched the subject’s current nasal plasmid
and antibiogram type®! Typing of all the ise-
lates showed that approximately one-third of
the mupirocin-treated subjects were re.
colonised in the nares with an cntirely new
strain, another third had re-isolation of the
original strain after initially negative post-thera-
py cultures, and another third had negative cul-
tures throughout,»!!

The overall results demonstrated that nasal
carriage in the mupirocin group had returned
to around 50% by six months, with a similar
treatment etfect persisting to one vear. Nasal
carriage in the treatment group was approxi-
mately 70% that of the contral group at both
time points. Hand carriage rates were signifi-
cantly decreased at six months in the treatment
group,

CONCLUSIONS

The results of these studies have important
clinical implications for understanding the mol.
ecular epidemiology of staphylococeal infec.
tions. Typing of strains demonstrated that
when 8. aureus was recovered following
intranasal treatment, isolation of the original
strain occurred as commonly as did fecavery ol
a new strain. Our study also found that §.
aureus hand carriage was significantly
decrcased six months following a single course
of intranasal therapy, which provides additional
confirmation of the nares as the primary site
for 5. aureus colonisation in healthy volunteers,
Healthcare workers who are nasal carriers of 5.
aureys, particularly those who have direct
patient contact, represent an important hospital
teservoir of S, aureus,
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Additionally, the randomised, placebo-con-
trolled studies demonstrate that a single five
day course of intranasal mupirocin ointment is
safe and well tolerated and effectively elimi-
nates stuble nasal carriage of S, aurens in
healthy subjects. Long-term [ollow-up of the
origiinal cohout at one centre found that the
majority of carriers were still clear after three
months and that half were still negative after
one Year.
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