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Abstract

Background—Staphylococcus aureus (S. aureus) is an organism of great public health 

importance, causing 20,000 deaths annually. Decolonization of patients with S. aureus may 

prevent infections, yet current options are limited to antimicrobials that promote antibiotic 

resistance and can cause adverse side effects. Probiotics have potential to reduce colonization of 

pathogenic bacteria, representing a promising alternative for S. aureus decolonization, but thus far 

lack rigorous evaluation.

Methods—Potential subjects were recruited from inpatient and outpatient settings within a VA 

medical center and screened for S. aureus gastrointestinal (GI) or extra-GI colonization using 

swabs at multiple body sites. Positive, eligible, consenting participants were stratified by 

colonization site and randomized in a 1:1 ratio to 4-weeks of daily placebo or Lactobacillus 
rhamnosus (L. rhamnosus) HN001 probiotic treatment. Blood and stool samples, and treatment 

adherence reports were collected from each subject throughout the study, along with a final set of 

swabs at study completion to detect S. aureus carriage. The outcomes of this study are GI or extra-

GI carriage by S. aureus at the end of 4 weeks of therapy, change in phagocytic activity of 
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polymorphonuclear cells from pre-intervention to post-intervention, and symptomatic S. aureus 
infection at any site during the study period.

Conclusion—114 participants have been recruited for this study. Analysis of outcomes is 

underway. This is the first clinical trial to examine the efficacy of L. rhamnosus HN001 for 

decolonization of S. aureus, and investigates the mechanism by which L. rhamnosus HN001 

mediates its effect on S. aureus colonization.
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1. Introduction

Staphylococcus aureus (S. aureus) is a pathogen of tremendous public health importance. 

Nearly 100,000 serious methicillin-resistant S. aureus (MRSA) infections occur in the US 

annually, resulting in close to 20,000 deaths [1]. Between 45 and 75% of these infections are 

the consequence of a healthcare-associated transmission [2,3]. Despite the reduction in 

incidence of hospital-acquired MRSA infections since 2005, invasive S. aureus infections 

continue to increase [4].

Methicillin-susceptible S. aureus (MSSA) is much more common than MRSA. Nearly 30% 

of the general population has nasal colonization of S. aureus and 1% of that is MRSA [5–8]. 

Although the anterior nares are the primary ecological niche for strains of S. aureus, 

including MRSA, several recent studies have shown that individuals may be colonized in the 

axillae, gastrointestinal (GI) tract, and oropharynx [9–11]. Studies assessing MRSA 

colonization among hospitalized patients have found their risk of acquiring S. aureus to be 

particularly high, with between 2 and 7% of patients colonized with MRSA on admission, 

and an additional 2–10% acquiring it during their hospital stay. Studies have further shown 

that colonization tends to be persistent and prolonged [12–27].

Asymptomatic colonization with S. aureus is a strong risk factor for subsequent invasive 

infection [12–28]. MRSA carriage poses a four-fold to thirteen-fold higher risk of infection 

compared with MSSA colonization [28], and MRSA colonization at hospital admission 

increases the risk of subsequent MRSA infection, compared with MSSA colonization [29]. 

Factors that trigger infection in colonized patients include invasive devices, surgical 

procedures, comorbid illnesses, and immune status. Many of these are not modifiable, thus it 

seems most logical to intervene at the colonization stage of the illness [29]. Yet, strategies to 

reduce colonization are currently limited to antimicrobials, which carry their own side 

effects and have been shown to promote antibiotic resistance [30–32].

Probiotics are live microorganisms that are available over the counter and are widely used as 

dietary supplements or in nutritional foods. They represent a low-cost, well tolerated, non-

antibiotic potential decolonization strategy with no risks of promoting antimicrobial 

resistance. A limited number of studies have shown that probiotics may reduce colonization 

of pathogenic bacteria, however, little is known about the efficacy of probiotics for reducing 

S. aureus colonization specifically [33–35]. The probiotic Lactobacillus rhamnosus (L. 
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rhamnosus), stimulates systemic immune functions, likely enhancing the body's ability to 

eradicate S. aureus at any colonization site [34,35].

We propose that the probiotic L. rhamnosus HN001,when compared to placebo, will reduce 

S. aureus nasal colonization when taken for four weeks, by increasing phagocytic activity of 

white cells, and that it will reduce S. aureus GI colonization over this same 4-week period. 

To investigate these hypotheses, we are conducting a randomized, double-blinded, placebo-

controlled, phase II clinical trial.

2. Methods

2.1. Study design

This is a randomized, placebo-controlled, double blind, phase II clinical trial in veterans 

colonized by S. aureus. Study enrollment took place from February 2012 to December 2015. 

Fig. 1 displays each step of the study protocol. All study procedures and informed consent 

documents were approved by the University of Wisconsin-Madison institutional review 

board and the Veterans Affairs (VA) Research and development committee.

2.2. Participant selection

The inclusion and exclusion criteria for subject enrollment are summarized in Table 1.

2.2.1. Inclusion criteria—Adult patients, age 18 years or older of either gender, who 

screened positive for S. aureus colonization at GI or extra-GI sites at the William S. 

Middleton Veterans Affairs Hospital (VAMC), were able to take oral medication, and 

provide informed consent were eligible for this study. S. aureus extra-GI colonization is 

defined as the recovery of S. aureus, including MRSA, from the nose, axillae, and wound 

sites. GI carriage is defined as the recovery of S. aureus from an oropharyngeal and/or a 

perirectal swab or stool specimen. Only 1 swab needed to be positive for the patient to be 

considered positive for S. aureus colonization.

2.2.2. Exclusion criteria—Patients were excluded from the study if they had 

uncontrollable psychiatric illness (defined as being admitted to the psychiatric ward of the 

hospital for inpatients, and mental health clinic visit notes documenting uncontrolled 

illness), persistent diarrhea (defined as >3 loose stools per day for at least 2 consecutive 

days), or an active infection with S. aureus (defined as being on vancomycin, daptomycin, or 

therapeutic doses of clindamycin, minocycline, or linezolid). Any suspected S. aureus 
infection was confirmed by reviewing microbiology records going back 30 days before 

enrollment for positive cultures from a sterile site. Other exclusion criteria include being 

pregnant, admission in the intensive care unit (ICU) at time of enrollment, on a 

decolonization protocol for MRSA, including mupirocin and tea tree oil, or currently 

involved in another investigational trial. Women who become pregnant during the study 

period discontinued the study medication but continued the procedures as listed in the 

protocol as well as continuing to self-monitor for adverse events. Patients with cognitive 

decline, as defined by a clinical diagnosis of dementia for outpatients, and mention of 

delirium or dementia in the medical record for inpatients, were also excluded from the trial.
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2.3. Recruitment

This study recruited both inpatients and outpatients seeking care at the VAMC, as well as 

members of the VA community not currently seeking care. In order to increase rate of 

positive screening of patients with S. aureus colonization, we used infection control data to 

determine which patients and clinics were at highest risk for MSSA or MRSA colonization. 

Several high-risk factors were identified in the literature, from which seven were selected 

based on easy identifiability in the outpatient setting (Table 2). All potential study subjects 

were identified through the VAMC, local Veterans of Foreign Wars (VFW) posts, The Dry 

Hootch, and local papers and VA newsletters. A total of 114 participants were recruited for 

this study.

2.3.1. Outpatients—Ten outpatient clinics were targeted for baseline screening, including 

the primary care, infectious diseases, women's health, geriatrics, dermatology, pulmonary, 

endocrine, nephrology, cardiology, and orthopedic surgery clinics. Providers at these clinics 

were asked to call the research team when a patient at high risk for S. aureus colonization 

was being seen, based on an informational flyer that was distributed to all target clinics that 

defined high-risk patients. For patients known to be colonized by S. aureus, a weekly list of 

patients coming to the outpatient clinics was generated by infection control and the research 

team made contact with them during their scheduled clinic visit.

The consent form and informational material was mailed to all potential subjects who met 

eligibility criteria and expressed interest in the study. One-week later a follow-up phone call 

was made to assess the subject's interest, answer questions, and schedule a baseline study 

visit.

2.3.2. Community sites—Several presentations regarding the study were given at The 

Dry Hootch and VFWs throughout the study to increase veteran recruitment. If individuals 

were interested, a study team member contacted the potential subject's primary care 

physician and evaluated their medical records to assess the appropriateness of study 

enrollment.

2.3.3. Inpatients—To recruit inpatients, a member of the potential subject's clinical 

treatment team sought permission from the subject to talk to the study team and introduced 

the study. A member of the research team gave the participant study details and obtained 

informed consent.

2.4. Compensation

A total of $100 was provided as compensation to each participant who enrolled in and 

completed the study, in two $50 payments. One payment was given for completion of Study 

Visit 1 (Day 0/Week 1) and the second for Study Visit 2 (Week 4), at the end of study. 

Compensation was only provided for subjects who were found to be colonized with S. 
aureus, and enrolled in the study. No compensation was given for subjects who were 

negative for S. aureus on screening, or who underwent screening but did not enroll in the 

study.
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2.5. Randomization

All subjects with a positive S. aureus screen who enrolled in the study were randomized at 

the first study visit using a blocked randomization scheme in a 1:1 ratio. Randomization was 

conducted by the VA pharmacy and stratified based on site of S. aureus colonization: GI, or 

extra-GI sites, to account for differences inherent to various colonization sites. Within each 

stratum, a permuted blocked randomization was used with varying block sizes. Sequence 

generation was completed using a computer random number generator. Both the 

investigators and subjects were blinded to the treatment allocation assignments.

2.6. Intervention

The intervention is daily oral administration of L. rhamnosus HN001 or matched placebo for 

four weeks.

2.6.1. Probiotic—The probiotic, L. rhamnosus HN001, is administered in capsule form 

containing 1 × 1010 organisms. The study drug is provided by the manufacturer, DuPont 

Nutrition and Health (Madison, WI). Random samples of study drug are cultured once 

monthly to ensure that colony counts remain stable. Subjects take 1 capsule daily for 28 

days.

2.6.2. Placebo—The matched placebo contains the same inert filler as the active product 

and is identical to study treatment in appearance and taste. The manufacturer, DuPont 

Nutrition and Health, also supplies the placebo.

2.7. GI tract survival and intestinal adhesion of L. rhamnosus HN001

L. rhamnosus HN001 has good viability and survival in the human GI tract as demonstrated 

by fecal analysis for L. rhamnosus HN001 of 10 subjects who consumed 1.6 × 109 colony-

forming units (cfu) L. rhamnosus HN001 per day for 6 months [36]. L. rhamnosus HN001 

has also demonstrated strong adhesion to human intestinal epithelial cells [37]. The dose of 

1 × 1010 organisms once daily for 28 days was chosen due to its similarity to what has been 

used in other clinical trials of L. rhamnosus HN001 [35,38–40].

2.8. Intervention timeline

The study timeline is shown in Fig. 1, and intervention details are outlined below.

2.8.1. Baseline screening visit—Once the consent form was signed, the patient was 

screened for MRSA carriage and the first set of swabs (set #1) was obtained to culture for S. 
aureus at nose, skin, oropharyngeal and perirectal sites. If an open wound was present, a 

wound swab was obtained as well. The participant is given 4 stool-collection kits and trained 

in stool collection.

2.8.2. Study Visit 1—If the participant was found to be colonized with S. aureus, 

outpatients were told to collect their next stool (#1) and either mail it in, or bring it to clinic 

at Study Visit 1 (Week 0), where a blood draw was also performed. A blood draw and stool 

sample were collected for inpatients at this visit as well. All study participants were 

randomized to receive either placebo or probiotic for 4 weeks. Outpatients and inpatients 
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that had been discharged were asked to mail-in their stool at 1 week, 2 weeks, and 3 weeks 

from this time point (#2, 3, 4). Study team members collected stool samples from inpatients 

that had not been discharged.

2.8.3. Study Visit 2—At the end of Week 4 outpatient and discharged inpatient subjects 

were asked to return to clinic with a stool sample (#5) and were resampled for S. aureus 
colonization by swabbing nose, skin, oropharyngeal and perirectal sites (set #2). Inpatient 

subjects that had not been discharged also submitted a final stool sample, and were re-

swabbed. At this point, the second blood draw (#2) was performed to detect changes in 

phagocytic polymorphonuclear (PMN) cell activity.

2.9. Adherence

During the visit at week 4,we collected self-report data using simple validated questions that 

assess adherence over the past 7 days, for example “Many people don't take their medication 

perfectly all the time. Over the past 7 days, how many times did you miss a dose of study 

medication? When was the last time that you missed any of the study medication?”

2.10. Subject withdrawal

All subjects were informed during enrollment that they may discontinue participation in the 

study at any time. We asked that they contact the study coordinator if they decided to drop-

out of the study. The second half of the compensation, $50, was given to all participants who 

completed at least 75% of the study period. If the subject was willing, the research 

coordinator arranged a research clinic visit which was used to collect a final set of samples.

2.11. Outcomes

The primary outcome of this study is GI (oropharyngeal, perirectal swab, or stool sample 

positive) or extra-GI (nares, axillae, or wound swab positive) carriage by S. aureus at the end 

of 4 weeks of therapy. The secondary outcome is the change in phagocytic activity of PMN 

cells from pre-intervention (Study Visit 1/week 0) to post-intervention (Study Visit 2/week 

4). The exploratory outcome is symptomatic S. aureus infections at any site at any time 

during the trial period, which will be used for descriptive purposes only.

We hypothesize that the ingestion of L. rhamnosus HN001 will decrease S. aureus 
colonization by 72%, significantly improve phagocytic functioning of PMN and monocyte 

cells, and decrease the rate of S. aureus clinically symptomatic infection.

2.12. Sample collection and microbiologic analysis

2.12.1. Blood specimens—We anticipate that there will be a mean increase in the 

percentages of PMN and monocyte cells with phagocytic activity among subjects in the 

treatment group compared with the placebo group by at least 15%. This is in line with 

previous studies that found significant increases ranging from 14 to 35% in PMN phagocytic 

activity and 40% mean increases in the percentage of monocyte phagocytic activity for 

subjects taking probiotics [35,40,41].
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Once collected, blood samples were processed within 24 h of collection. The phagocytic 

activity of Monocytes and Granulocytes in whole blood is determined using PHAGOTEST; 

clinical Diagnostic for the Qualitative Analysis of Leukocyte Phagocytosis in Human Whole 

blood (Glycotope Biotechnology GmbH, Biocarta San Diego CA). Test kits are analyzed by 

flow cytometry using the 488 nm argon-ion laser of a Becton-Dickinson FACSCalibur 

(Becton-Dickinson, Franklin Lakes NJ) controlled by Becton-Dickinson CellQuest software. 

Results are expressed as % Phagocytizing Granulocytes and % Phagocytizing Monocytes.

2.12.2. Assessment of S. aureus Colonization in Nose, Oropharyngeal, skin 
Stool and Perirectal Swabs—Polymerase Chain Reaction (PCR) is undertaken on extra-

GI and GI swabs to identify colonization by S. aureus using GeneXpert's Xpert SA Nasal 

Complete kit (Cepheid, Sunnyvale CA). We also utilize conventional cultures to identify and 

stock S. aureus isolates for future strain typing. Cultures of these sites and wounds are done 

using a broth enrichment followed by standard microbiologic techniques. A second nasal 

sample was taken with a flocculated swab and stored for future analysis.

2.12.3. Assessment of S. aureus strain relatedness—We stock all positive S. 
aureus cultures for future potential strain typing using pulsed-field gel electrophoresis. This 

could be used to determine whether subjects stay colonized with the same strain or acquire 

different or multiple strains from the environment.

2.12.4. Assessment of probiotic presence in fecal samples—This analysis is done 

to confirm that viable probiotic is able to reach the lower intestinal tract, and thus able to 

exert a potentially beneficial effect on gutmicrobiota, and eradicate GI tract colonization by 

S. aureus. Probiotic is detected in stool samples (or perirectal swabs) in participants 

randomized to the intervention group. Identity of the probiotic recovered from each patient 

is confirmed by strain specific PCR performed on selected colonies of lactobacillus 

recovered from stool cultures.

2.13. Adverse events

2.13.1. Safety of probiotics—Lactobacilli have a long history of use in food and dairy 

products and are commercially available to the public without the consent of a physician. 

They have been safely used in several studies of various patient populations, including 

premature infants, pregnant women, immunocompromised hosts, and animal models 

[34,35,40,42–51]. As a live bacterial organism, it carries some degree of risk for clinical 

infections, including bacteremia, however these infections due to Lactobacillus species arise 

most often from the patient's endogenous microbiota. L. rhamnosus HN001 is unable to 

dissolve mucin, and has not been found to translocate to organs beyond the intestine 

[50,52,53], and is unlikely to be able to cause invasive disease. When they do occur, the 

majority of clinical infections due to lactobacilli species from probiotics occur in 

immunocompromised or severely ill patients, thus we have excluded ICU subjects from our 

study.
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Although we did not anticipate any safety concerns associated with the administration of L. 
rhamnosus HN001 given its long safety record, close monitoring for adverse effects and 

clinical infection was maintained to ensure protection of subjects.

2.13.2. Safety of placebo—The placebo used was made of the inert and inactive 

substance microcrystalline cellulose, normally used as a carrier substance in the formulation 

of tablets and capsules. There was virtually no likelihood of adverse reaction to the 

substance, therefore there was no foreseeable risk associated with placebo ingestion. 

However, safety monitoring was still performed.

2.13.3. Safety monitoring—All participants were instructed to contact the research 

specialist directly if they developed a fever or other signs of infection. In the case of 

emergency, such as severe illness, they were instructed to proceed to the nearest emergency 

room or call 911. Subjects were instructed to keep a copy of the study information in case 

they needed to be evaluated by an outside physician. In the event of any adverse effects, 

timely, accurate and complete reporting and analysis of safety information was undertaken.

2.14. Data management

A Data and Safety Monitoring Committee (DSMC) set up by the VA funding agency was 

used to ensure subject safety, research data integrity, compliance with federal regulations, 

and serious adverse event monitoring. The frequency of protocol oversight by the DSMC 

was quarterly.

2.15. Statistical analysis

2.15.1. Sample size justification—Assuming the rate of S. aureus carriage at the time 

of initial screening for the placebo group is 30% [5–8],- a sample size of 114 subjects 

(approximately 57 per group)would provide 80% power to detect a 72% reduction in 

carriage rates using a 2-sided 0.05 level significance test. The sample size of 114 includes a 

10% drop out rate inflation. Sample size calculations were performed using R version 2.9.1 

(R Foundation for Statistical Computing, Vienna, Austria).

2.15.2. Data analysis—All analyses will be conducted in SAS version 9.4 (SAS Institute, 

Cary, NC). The primary outcome for this trial is carriage of S. aureus at the end of 4-weeks 

of treatment, comparing probiotic and placebo treatment groups. The primary analysis will 

consist of a single comparison of the rates of carriage in the L. rhamnosus HN001 and 

placebo groups using the Cochran-Mantel-Haenszel test for differences in proportions across 

strata, as defined by baseline carriage site. A nominal two-sided p-value of 0.05 will be 

regarded as statistically significant.

The main analyses of the primary outcome will be based on the intention- to-treat principle. 

Additional exploratory analyses will be conducted using the on-protocol population, which 

will consist of subjects who took at least 50% of assigned doses of study drug. We anticipate 

relatively high adherence; however, this additional analysis will help to understand the 

biological efficacy of treatment.
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Repeated measures linear regression models will be used to evaluate the effect of probiotic 

treatment on phagocytic activity of PMN and monocyte cells (in some cases, after log-

transformation) at the two time-points (Study Visit 1/week 0, and week 4/end of treatment). 

Models will include the treatment contrast of interest, as well as relevant covariates.

To assess the exploratory outcome, the composite incidence rate of all-site S. aureus 
infections in probiotic and placebo groups will be compared using the Cochran-Mantel-

Haenszel test for differences in proportions across strata defined by baseline carriage site.

3. Discussion

Ingestion of lactic acid bacteria has been linked to enhanced host immune response in many 

human and animal studies [34,35,38–41, 54–57]. Lactic acid bacteria have been shown to 

induce local immune modulation in the GI tract, and certain strains may also induce a 

systemic immune response [58–60]. The probiotic used in this study, L. rhamnosus HN001, 

is a lactic acid bacterium shown to affect significant immunemodulation, and is a recognized 

immunostimulatory agent [34, 35,38,39,56,57]. L. rhamnosus HN001 consumption in mice 

and humans is associated with enhanced phagocytic activity of leukocytes, macrophages, 

PMN cells, and natural killer cells [34,35,40,56,57,61]. The increase in phagocytosis seen 

with L. rhamnosus HN001 therapy could lead to improved killing of gram positive 

organisms such as S. aureus, including MRSA.

This is the first clinical trial to examine the efficacy of L. rhamnosus HN001 for 

decolonization of S. aureus. This study will identify the major mechanisms by which L. 
rhamnosus HN001 is expected to mediate its effect on S. aureus colonization, and shed light 

on its efficacy in decolonization at sites outside of the GI tract. If the hypotheses are 

supported, this study would be strong evidence for the use of probiotics, specifically L. 
rhamnosus HN001, as a low cost, safe, non-antibiotic adjunct treatment option. By including 

both inpatients and outpatients in our study population, we hope to elucidate the effects of 

probiotic therapy in multiple settings. If the treatment is successful, and readily adopted, the 

use of probiotics would greatly reduce carriage of S. aureus, thus reducing the infection rate, 

the spread of S. aureus, particularly in the hospital setting, would reduce use of antibiotics 

and subsequent antibiotic resistance, and significantly reduce the costs associated with care 

of patients colonized and infected by S. aureus.

The innovation in this trial is assessing the use L. rhamnosus to reduce S. aureus 
colonization. We examine the efficacy of this treatment option in several innovative ways 

including using inpatient and outpatient participants, assessing several different sites of 

colonization, and examining PMN activity as the mediating variable. We also use various 

methods to monitor study quality, including detailed adherence reporting, and assessment of 

probiotic presence in fecal samples.

Over the course of this trial, we have learned some valuable lessons about successful study 

execution. For instance, the use of both inpatients and outpatients helped make our study 

population more diverse and generalizable, but when subjects, albeit infrequently, 

transitioned from one setting to the other, brief lapses in adherence did occur. Patients 
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transitioning often forgot about their trial medication when going through the pharmacy on 

check-in or discharge, causing a 1–2 day lag in administration of the appropriate study drug. 

Given our regular collection of adherence data, and high level of adherence overall, these 

brief lapses likely did not affect our trial outcome. However, future studies with a need for 

more rigorous adherence should closely consider this issue when designing a study using 

inpatient and outpatient participants.

Clinical staff engagement was also a likely key to successful completion of this trial. Our 

research team had previously established positive relationships with the pharmacy and 

patient care teams involved in the study, allowing for increased ease of study coordination. 

We have also conducted prior interventions using probiotics within this hospital, and climate 

within the clinical setting for this type of practice was positive.

While this study will add important knowledge to the literature, it does have some 

limitations. The sample was drawn from the Wisconsin veteran population and is therefore 

predominantly white and male. The inpatients included in this study, while adding valuable 

information, have a high risk of re-exposure to S. aureus in the hospital setting. If an 

inpatient participant was colonized by S. aureus at enrollment, was successfully decolonized 

by the treatment drug, and was subsequently re-exposed to S. aureus and re-colonized during 

their hospital stay in the course of the clinical trial, we may not be able to detect the 

successful decolonization. Cases such as this would bias our results toward the null.

Lastly, by excluding patients with symptomatic infections, we are unable to examine the role 

of L. rhamnosus HN001 in treating S. aureus infection, however, that aim is outside the 

scope of the current study. If, as expected, S. aureus colonization is reduced, the next step is 

to undertake a study to examine the efficacy of probiotics for reducing S. aureus clinical 

infections. Comparative effectiveness research, comparing the impact of probiotics to 

currently available methods of decolonization such as topical mupirocin is another logical 

extension of this work. Future studies could also examine the impact of probiotics on 

colonization and infection by other multidrug-resistant bacteria, such as vancomycin-

resistant enterococcus, and Clostridium difficile.
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DSMC Data and Safety Monitoring Committee

GI gastrointestinal

ICU intensive care unit
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MRSA Methicillin-resistant Staphylococcus aureus

MSSA Methicillin-susceptible Staphylococcus aureus

PCR polymerase chain reaction
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Fig. 1. 
Schematic representation of the IMPROVE protocol.

Eggers et al. Page 16

Contemp Clin Trials. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Eggers et al. Page 17

Table 1

Study inclusion and exclusion criteria.

Inclusion criteria

S. aureus colonization at GI or extra-GI (nares, axillae, wound) source, screened at
  VAMC

Age 18 years or older

Able to take oral medications

Able to provide informed consent

Exclusion criteria

Uncontrolled psychiatric illness

Already on MRSA decolonization protocol (mupirocin, tea tree oil, etc.)

Currently involved in another investigational trial

Pregnancy

Persistent diarrhea, defined as >3 loose stools per day for at least 2 consecutive
  days

Critical illness (admitted in the ICU at time of enrollment)

Cognitive decline (clinical diagnosis of dementia for outpatients, and mention of
  delirium or dementia in the medical record for inpatients)

Active S. aureus infection, including MRSA, currently being treated by therapeutic
  doses of vancomycin, daptomycin, clindamycin, minocycline, or linezolid
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Table 2

Risk factors for colonization with S. aureus.

Age ≥ 60 years

Wound present for 4 weeks or more

Diabetes

Hospitalization in the last 6 months

Resident in a skilled nursing facility

Hemodialysis

Solid organ or bone marrow transplant patient
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