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Abstract

OBJECTIVE.—To determine the impact of total household decolonization with intranasal
mupirocin and chlorhexidine gluconate body wash on recurrent methicillin-resistant
Staphylococcus aureus (MRSA) infection among subjects with MRSA skin and soft-tissue
infection.

DESIGN.—Three-arm nonmasked randomized controlled trial.
SETTING.—Five academic medical centers in Southeastern Pennsylvania.

PARTICIPANTS.—Adults and children presenting to ambulatory care settings with community-
onset MRSA skin and soft-tissue infection (ie, index cases) and their household members.

INTERVENTION.—Enrolled households were randomized to 1 of 3 intervention groups: (1)
education on routine hygiene measures, (2) education plus decolonization without reminders
(intranasal mupirocin ointment twice daily for 7 days and chlorhexidine gluconate on the first
and last day), or (3) education plus decolonization with reminders, where subjects received daily
telephone call or text message reminders.

MAIN OUTCOME MEASURES.—Owing to small numbers of recurrent infections, this analysis
focused on time to clearance of colonization in the index case.

RESULTS.—Of 223 households, 73 were randomized to education-only, 76 to decolonization
without reminders, 74 to decolonization with reminders. There was no significant difference in
time to clearance of colonization between the education-only and decolonization groups (log-rank
P=.768). In secondary analyses, compliance with decolonization was associated with decreased
time to clearance (P=.018).

CONCLUSIONS.—Total household decolonization did not result in decreased time to clearance
of MRSA colonization among adults and children with MRSA skin and soft-tissue infection.
However, subjects who were compliant with the protocol had more rapid clearance.

The incidence of community-onset Staphylococcus aureus skin and soft-tissue infections
(SSTI) has increased in recent years, with the majority caused by methicillin-resistant
strains.1=3 S. aureus colonizes several anatomic sites, including the anterior nares,? throat,>
axillae,8 groin,” rectum,® and skin wounds.® Previous studies have demonstrated that
colonization with methicillin-resistant S. aureus (MRSA) is linked to acute infection in
approximately 25% of patients.>~13 Notably, more than half of patients with MRSA SSTI
develop recurrent infections within 1 year.1014-16 As a result, several decolonization
strategies have been used to try to decrease MRSA colonization and reduce the burden

of subsequent infection. Topical mupirocin has been shown to effectively eradicate S.
aureus nasal colonizationl” and is often a component of decolonization protocols. However,
given the presence of MRSA in dermatologic sites, antiseptic body washes, such as
chlorhexidine, hexachlorophene, or bleach baths, have also been utilized. There is great
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variability among practitioners regarding prescription of decolonization strategies, timing of
decolonization, decolonization of household members, and choice of agents.1® Furthermore,
MRSA eradication in individuals has not been shown to decrease recurrent infections among
those colonized or their close contacts,1® perhaps related to recurrent transmission of MRSA
among close contacts.

MRSA transmission among household members is common.2%21 Previous studies have
demonstrated that the presence of colonization with MRSA among household members
results in prolonged duration of MRSA colonization in index cases.?2-24 Failure to eradicate
MRSA colonization among household members may increase risk of persistent or recurrent
colonization and subsequent reinfection.25-28 However, the ideal strategies for management
of household MRSA colonization require further study. Therefore, the objective of this study
was to determine the impact of total household decolonization with intranasal mupirocin and
chlorhexidine gluconate (CHG) body wash on recurrent MRSA infections. Secondarily, we
sought to determine time to clearance of colonization among subjects initially presenting
with MRSA SSTI. Although the primary outcome of the original protocol was recurrent
infection, there were very few outcomes in any of the intervention groups. Therefore, this
article focuses on the secondary outcome of interest, clearance of colonization.

METHODS

Study Design and Participants

We conducted a 3-arm, nonmasked randomized controlled trial to assess the impact of total
household decolonization on recurrent infection among subjects presenting with MRSA
SSTI. The study was performed from November 1, 2011, through May 31, 2013, at 5
academic medical centers in Southeastern Pennsylvania: the Hospital of the University of
Pennsylvania, a 782-bed adult acute care hospital; Penn Presbyterian Medical Center, a 300-
bed adult acute care hospital; Pennsylvania Hospital, a 500-bed adult community hospital;
Children’s Hospital of Philadelphia, a 520-bed children’s hospital; and Penn State Milton

S. Hershey Medical Center, a 551-bed adult and pediatric hospital. Adults and children

aged at least 6 months presenting to the emergency departments or primary care settings

at any of the 5 study sites with an acute SSTI for which a microbiologic sample was sent
were approached for entry. Additionally, patients hospitalized for 14 days or fewer with

an acute SSTI and who had a wound swab sent for microbiologic culture within the first

72 hours were also approached. Eligible subjects were those whose culture subsequently
grew MRSA. To be enrolled, the study subject (ie, index case) and all members of his/her
household were required to participate. Each household was enrolled only once. Informed
consent or assent was obtained from all index cases and household members. This study was
approved by the institutional review boards of all participating institutions. A Data Safety
Monitoring Board oversaw study conduct and reviewed safety data at the midpoint of the
study period.

Interventions and Randomization

Enrolled households were randomized to 1 of 3 intervention groups: (1) education, (2)
education plus decolonization without reminders, and (3) education plus decolonization with
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reminders. The educational intervention included 10 minutes of face-to-face instruction
by a study staff member and written materials2® (Supplementary Appendix 1), which
were reviewed with all site coordinators to ensure consistency. The education focused on
personal hygiene (eg, hand hygiene and bathing), interrupting transmission (eg, avoidance
of shared towels), and household hygiene (eg, regular washing of linens and towels). The
decolonization protocol was as follows: (1) 2% mupirocin ointment applied inside both
nares twice daily for 7 days, and (2) a 4% CHG (Hibiclens; Mélnlycke Health Care) body
wash, including entire skin surface, excluding face and hair, with particular attention to
axillae, inguinal, and perirectal areas, performed on the first and last day of mupirocin use.
Subjects were asked to record performance of each step of the protocol in a journal, which
was returned at the end of the period of medication use, along with any unused portion of
the agents. The subjects randomized to decolonization without reminders were instructed
on the decolonization protocol during the initial visit. Those randomized to decolonization
with reminders also received daily phone calls or text messages during the decolonization
protocol period to remind them to perform the indicated procedures.

Households were randomized using block randomization with randomly varying block sizes.
Treatment allocations were assigned 1:1:1 on the basis of a random number generator and
the allocation was placed in a sealed envelope that was opened only after the full household
was consented.

Longitudinal Follow-Up, Outcomes, and Data Collection

After randomization and performance of the decolonization protocol (for treatment groups),
index cases and all household members performed self-sampling for MRSA from 3
anatomic sites (nares, axillae, groin) every 2 weeks for 6 months. Multiple anatomic

sites were chosen for sampling in order to maximize the sensitivity of detection of

MRSA colonization.3%:31 The ESwab System (Copan Diagnostics) was used for all sample
collections. Subjects obtained specimens by placing a swab in both nares; they then

placed a second swab in both axillae followed by both groin creases. If the initial

skin lesion was present, that site was sampled with a third swab. The swab specimens

were mailed to the study laboratory. Subjects returned the first swab within 7-14 days

after completing the decolonization protocol. Research staff demonstrated the method for
sampling each anatomic site and also provided an information sheet with these instructions
at the enrollment visit. For children unable to self-collect specimens, parents/guardians were
instructed to perform the sampling. Of note, self-collection of swabs has proven highly
sensitive compared with swabs collected by research staff.32

The primary end point was recurrent MRSA infection in the index case (ie, the subject
presenting with MRSA SSTI). The secondary end point was time to clearance of

MRSA colonization. The following data elements were collected on index cases and
household members through the initial home visit interview and confirmed or expanded

via review of medical and prescription records: demographic data; medical history, including
comorbidities and medications; number of people in the household; and, for index cases
only, antibiotic use during the year prior to diagnosis of SSTI (pretreatment), the 14 days
following SSTI diagnosis (treatment), and the period after treatment through end of follow-
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up (posttreatment). Antibiotic use in the 14 days prior to SSTI diagnosis was not included
because this was assumed to be empirical treatment for the presenting infection. For the
primary end point, index cases were asked to report any recurrent skin infections during the
follow-up period. These were reported via biweekly data collection forms that were to be
mailed in along with the swab samples. Additionally, house visits were performed halfway
and at the end of the follow-up period to confirm and expand information submitted on the
forms.

Laboratory Testing

Swab samples were plated to BBL ChromAgar MRSA (BD) and processed according

to manufacturer’s instructions.33 Susceptibility testing of isolates was performed using

the Vitek 2 automated identification and susceptibility testing system with Advanced

Expert System (bioMérieux) and interpreted according to established criteria.3# Isolates that
were erythromycin-resistant but clindamycin-susceptible were routinely tested for inducible
macrolide-lincosamide-streptogramin resistance by the disk diffusion method (D-test).34

Data Analysis

For the primary analysis, subjects who received the education intervention only were
compared with those who underwent decolonization (ie, combined subjects who underwent
decolonization with and without reminders). The primary analysis was performed as a
modified intention-to-treat analysis. A per-protocol analysis was also performed, excluding
subjects in the intervention arms who were not compliant with the decolonization protocol.
Compliance was defined in 2 ways using self-report (ie, journals): (1) 100% compliance
with both mupirocin (14 doses) and CHG (2 doses), and (2) at least 50% compliance

with both mupirocin (=7 doses) and CHG (=1 dose). We conducted secondary analyses to
account for the effect of varying degrees of compliance with the decolonization protocol

by examining study cohorts with 50% and 100% compliance. For these analyses, subjects
in the education group were considered to have 0% compliance, along with subjects in the
intervention arms who did not meet the definitions of 50% and 100% compliance. Index
cases who were prescribed a decolonization agent as part of their care during the 14 days
after diagnosis of SSTI were excluded from these secondary analyses. Missing data were
accounted for using 2 methods, via sensitivity analyses. In 1 analysis, households with any
missing compliance data were excluded; in a second analysis, missing compliance data was
regarded as noncompliance.

Subjects were presumed to be colonized with MRSA at the date of enrollment. Clearance
of colonization was defined as 2 consecutive sampling periods with no MRSA-positive
surveillance cultures. The clearance date was then considered to be the midpoint between
the date of the last positive surveillance culture and the date of the first negative culture.
Study groups were compared on the basis of demographic, comorbidity, household, and
antibiotic use characteristics using XZ or Fisher exact test for categorical variables and ¢
test or Wilcoxon rank sum test for continuous variables, as appropriate. Median time to
clearance of colonization with MRSA was determined using a Kaplan-Meier estimate. The
difference in time to clearance of colonization between groups was measured using the
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log-rank test. A Cox proportional hazards model was developed to adjust for any potential
confounding variables, including household size.

For all calculations, a 2-tailed P < .05 was considered to be significant. Statistical
calculations were performed using commercially available software (SAS, version 9.3 [SAS
Institute]).

Of 223 enrolled households, 73 were randomized to education only, 76 to decolonization
without reminders, and 74 to decolonization with reminders (Figure 1). Of these, 52 (71%),
48 (63%), and 49 (66%) index cases, respectively, returned swabs for at least the first

2 consecutive sampling periods (thus permitting calculation of duration of colonization).
Therefore, 149 households were included in the modified intention-to-treat analysis, which
consisted of 149 index cases and 537 household members. There were no statistical
differences between the included and excluded subjects with respect to demographic
characteristics and comorbidities. Median duration of follow up for index cases and
household members was 91 days (interquartile range, 48-151 days) and 114 days (79-184
days), respectively. Index cases returned swab samples for a median of 6 (interquartile range,
3-10) sampling episodes (of possible 14), whereas household members returned samples
for a median of 7 (4-11). There were no substantive differences in baseline characteristics
between the study groups (Table 1). Index cases in the decolonization groups (group 2 and
group 3) received clindamycin as treatment for the MRSA SSTI more commonly (62.9% vs
50%) and trimethoprim-sulfamethoxazole less commonly (30.9% vs 40.4%) than those in
the education group (Supplementary Table 1). There were no serious adverse events in any
of the 3 study groups.

Modified Intention-to-Treat Analysis

There were 5 reported subsequent infections among index cases, 4 of which were confirmed
to be MRSA infections (1 in the education group and 3 in the decolonization groups; P
=.122). Median time to clearance of MRSA colonization was 19 days (95% ClI, 15-33
days) for the education-only group and 23 days (17-29 days) for the groups who underwent
decolonization (log-rank £=.768) (Figure 2). Using a Cox proportional hazards model

to adjust for the differences in antibiotic treatment between the groups and household

size, there was still no significant effect of decolonization on duration of colonization
(Table 2). There were no significant differences in time to clearance of MRSA colonization
between the education-only group and those who underwent decolonization with or without
reminders (log-rank £=.811) (Supplementary Figure 1). There was no effect modification
by age (P =.985). Approximately 20% of index cases remained colonized at the end of the
study period, regardless of group.

Per-Protocol Analysis

Full compliance data were available for 126 households (84.6%). Fifteen index cases (10%)
had a prescription from their treating physician for mupirocin, CHG, or bleach baths/body
wipes in the 14 days following diagnosis of SSTI. In the per-protocol analysis, households
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with incomplete compliance data and those with index cases who were prescribed
decolonization agents by their providers (ie, not part of the study) were excluded. Those
index cases whose households reported 100% compliance (29 [26.1%] of 111 subjects) with
the decolonization strategies had a median time to clearance of colonization of 23 days
(95% ClI, 12-29 days), compared with the education-only group, who had a median time

to clearance of colonization of 19 days (15-33 days; log-rank £=.191) (Figure 3). When
comparing those with at least 50% compliance (63 [56.8%] of 111 subjects) to index cases
in households with education as the intervention, the index cases also had similar median
time to clearance of MRSA colonization (23 days [95% CI, 17-29 days] vs 19 days [15-33
days]; log-rank P=.545) (Supplementary Figure 2). There was no significant difference

in compliance between adults and children (ie, <18 years of age) (data not shown). Eleven
households consisted only of the index case. Sensitivity analyses of both modified intention-
to-treat and per-protocol analyses were performed excluding those households and results
did not differ (data not shown).

Secondary Analysis of Compliance

Subjects with missing data and with prescriptions for decolonization agents outside of

the study were excluded, resulting in analysis of 116 index cases (78%). Subjects in the
education-only arm were defined as having 0% compliance. Household 100% compliance
with decolonization resulted in a median time to clearance of colonization of 23 days

(95% ClI, 12-29 days) in the index case, whereas those households with less than 100%
compliance had a median time to clearance of 27 days (19-63 days; log-rank P=.018)
(Figure 4). Similarly, those index cases in households with at least 50% compliance also
had shorter median time to clearance of MRSA colonization compared with households
with less than 50% compliance (23 days [95% CI, 17-29 days] vs 33 days [16-123 days];
log-rank £=.051) (Supplementary Figure 3). When missing compliance data were regarded
as noncompliance, results were similar for both the 100% compliance and 50% thresholds
(data not shown). Randomization to decolonization with reminders was not associated with
either 50% or 100% compliance (P=.105 and P =.750, respectively).

DISCUSSION

We conducted a randomized trial of total household decolonization to assess its effect

on recurrent MRSA SSTI and clearance of MRSA colonization among subjects who
initially presented with and were treated for acute community-onset MRSA SSTI. This
cohort more accurately reflects the clinical situation ambulatory providers typically
encounter. Surprisingly, very few subjects reported recurrent MRSA SSTI. We found

that decolonization of all household members did not decrease time to clearance of
colonization in the intention-to-treat or per-protocol analyses. However, on secondary
analyses assessing degree of compliance as an exposure, subjects who were more compliant
with the decolonization procedures had modest but statistically significantly shorter times to
clearance of MRSA colonization.

This is the first study, to our knowledge, to compare the effect of total household
decolonization with that of routine hygiene measures on clearance of MRSA colonization.
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Fritz and colleagues!® recently conducted a randomized controlled trial comparing
individual versus total household decolonization among children who presented with S.
aureus SSTI and found that total household decolonization did not lead to increased
cessation of colonization but did result in fewer recurrent SSTIs. Our study demonstrated
similar findings in terms of clearance of colonization when comparing total household
decolonization with hygiene education only, but we could not assess the impact on
recurrent SSTI because subsequent infections occurred in only 5 subjects. A randomized
controlled trial of bleach baths plus education on routine hygiene measures compared with
routine hygiene measures alone showed no significant difference in rate of recurrent SSTI
among children,3® although that study was limited to children and employed a different
decolonization protocol, and the outcome included only medically attended SSTI, which
may have underestimated the true incidence of recurrent infection.

In our secondary analysis we found that better compliance was associated with more rapid
clearance of MRSA colonization. Fritz et all6 noted a high rate of compliance (81%) with
the decolonization protocol, which they defined as at least 5 days of 2% mupirocin applied
intranasally twice daily and once-daily 4% CHG, but did not report a per-protocol analysis
to determine the effect of compliance on the outcome. Although our analyses suggest that
the decolonization regimen was effective when applied, it remains unclear what measure and
degree of compliance is necessary to result in clinically significant outcomes and whether
such compliance is feasible in real world settings.

Approximately 20% of subjects remained colonized at the end of the study period,
regardless of study group. This is consistent with prior studies of MRSA colonization,
showing approximately 20% of subjects will have persistent colonization.24:36:37 Further
studies should seek to identify these patients earlier and examine the effect of focusing
education, decolonization, and improved compliance efforts in this higher-risk population.

This study has several limitations. The low number of recurrent MRSA SSTI limited the
ability to assess our primary outcome of interest (ie, recurrent MRSA SSTI). However, given
that MRSA colonization often precedes infection, assessment of duration of colonization
(ie, our secondary outcome) is also an important target for investigation. Masking was

not possible given the nature of the interventions. Although recall bias and relying on
patients to report subsequent infections are issues, information was prospectively gathered
from subjects through biweekly data collection forms, initial interview, and 2 follow-up
home visits to expand self-reported data. Furthermore, subjects were unaware of their
treatment group until after the initial interview was completed and investigators involved

in determining the outcome were masked to the subject’s intervention group to minimize
misclassification bias. Although the measure of compliance was determined before data
analysis, the optimal way to define compliance is unknown and requires further study.
Subjects also used CHG body wash only twice rather than daily, which may have decreased
effectiveness of the decolonization protocol. Additionally, we did not account for the effect
of contaminated household objects or pets on the outcomes, which have been suggested

to be potential reservoirs for MRSA.38-40 Finally, this study was conducted at 5 academic
medical centers in Southeastern Pennsylvania, which might not be generalizable to the
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broader population; however, the subjects represented a large, ethnically and racially diverse
population.

In conclusion, we found that total household decolonization with mupirocin and CHG
body wash compared with education on routine hygiene measures alone did not result

in decreased time to clearance of MRSA colonization. However, compliance with the
decolonization protocol was associated with a more rapid clearance of MRSA colonization.
Owing to small numbers, we were unable to examine the effect on recurrent infections. Our
findings may indicate that education on hygiene measures plays a critical role in decreasing
recurrent infections and, therefore, should be a focus for clinicians. Further studies should
assess the beliefs and attitudes of patients and their household members regarding recurrent
SSTI and decolonization recommendations in order to inform subsequent education efforts
that can be combined with household decolonization. Additionally, it is important to
determine the best measure and degree of compliance necessary to affect clinical outcomes,
particularly recurrent infections, as well as the longer-term effects of these interventions,
including their impact on clinical infections, the development of mupirocin resistance, and
time to recurrence of colonization and/or infection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Participants in study of the effect of total household decolonization on clearance of

colonization with methicillin-resistant Staphylococcus aureus.
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Kaplan-Meier curve of time to clearance of colonization: education-only vs decolonization.
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FIGURE 3.
Kaplan-Meier curve of time to clearance of colonization: education-only vs 100%

compliance with decolonization (per-protocol).
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FIGURE 4.
Kaplan-Meier curve of time to clearance of colonization: 100% compliance vs less than

100% compliance.
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TABLE 2.

Cox Proportional Hazards Model of Time to Clearance of MRSA Colonization

Group HR (95% CI) P
Education 1.00 [Reference]
Decolonization (combined) 0.92 (0.61-1.37)  .667
Treatment with clindamycin 2.53 (1.60-4.00) <.001

Treatment with trimethoprim-sulfamethoxazole = 1.29 (0.83-2.12)  .254
Household size 1.04 (0.96-1.11) .331

NOTE. HR, hazard ratio; MRSA, methicillin-resistant Staphylococcus aureus.
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