


about half of the patients in the short-term, the long-term influence of this drug treatment

should be determined.

Introduction

Rifaximin,belongingto therifamycingroupof antibiotics,hasbroad-spectrumantibacterial
activityagainstgram-positive,andgram-negativebacteria,andalsoagainstaerobicandanaer-
obicmicroorganisms[1, 2]. Rifaximinhashighavailabilityafteroral intakebut ispoorly
absorbedinto systemiccirculation,resultingin ahighconcentrationin thegastrointestinal
lumen,and97%of thedrug isexcretedthroughfecesin anunchangedform [3, 4]. These
uniquepropertiesrenderrifaximin agut-specifictherapeuticagent,whichis thereforewidely
usedfor smallintestinalbacterialovergrowth,traveler'sdiarrhea,hepaticencephalopathy,and
colonicdiverticulardisease[5±7].Additionally, rifaximin wasrecentlyapprovedfor thetreat-
mentof diarrhea-predominantirritable bowelsyndrome(IBS-D)by theUSFoodandDrug
Administration (FDA) [8].

Alongwith increaseduseandtheexpandedindicationsof rifaximin, emergingbacterial
cross-resistanceto otherantibioticshasbecomeamajorconcern.Cross-resistanceto thestruc-
turally similarantibiotic rifampicin,which isusedfor thetreatmentof tuberculosis,meningo-
coccaldisease,andstaphylococcalforeignbodyinfection[9] hasbeendocumented[10].
However,resultsareinconsistentregardingtheinfluenceof rifaximin administrationfor the
developmentof cross-resistanceto rifampin in realclinicalsettings.Thedevelopmentof cross-
resistanceto rifampin afterrifaximin administrationhasbeenconfirmedin staphylococci,
while thiscross-resistancehasnot beenidentifiedin othermicroorganismssuchasEscherichia
coli (E. coli), Mycobacterium tuberculosis (M. tuberculosis), or Clostridium difficile (C. difficile).
Rifampin-resistantstaphylococciafterrifaximin administrationhavebeenfound in healthy
adults[10], but thiscross-resistancehasnot beenproperlyevaluatedin patientswhoneed
rifaximin asatherapeuticintervention.

A recentstudyevaluatedtheefficacyof repeatedrifaximin treatmentin patientswith relaps-
ing IBS-Dsymptomswhohadrespondedto aninitial 2-weekcourseof rifaximin treatment.
Thesafetyof rifaximin administrationwasdemonstratedfor severalmonthsof treatment[11];
however,thisstudyexcludedpatientswhohadsignificantmedicalcomorbidities.

Rifaximin isapprovedfor thepreventionof hepaticencephalopathyin liver cirrhosis
patients[12], andthis treatmentshowslong-termreductionin hepaticencephalopathy-related
andall-causehospitalization[13]. For theeffectivepreventionof hepaticencephalopathyin
advancedcirrhotic patients,long-termadministrationof rifaximin is inevitable.Consequently,
thedevelopmentof bacterialcross-resistancehasbecomeamajorconcern.

In thisprospectivestudy,weevaluatedhowfrequentlyrifampin-resistant staphylococci
emergeafterrifaximin treatmentandexaminedtheclinicalprogressof colonizationafterrifax-
imin treatmentin cirrhotic patients.

Materials and methods

Patient enrollment

Eligiblesubjectswereliver cirrhotic patientswhowereprescribedrifaximin for theprevention
of hepaticencephalopathy.Patientswhoagreedto participatein thestudybygivinginformed
written consentwereenrolled.A totalof 38liver cirrhotic patientswereincludedfrom March
2015to April 2016in EwhaWomansUniversityMokdongHospital,Seoul,Korea.Thepatients
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took rifaximin (Normix1, Alfa Wassermann)400mgtid orallyaccordingto thehepatologist
prescription,andrifaximin wasdiscontinuedif thepatientswerefound to haverifaximin-
resistantstaphylococcusduring thisstudyandwerealsoconfirmedwith low risk of ongoing
hepaticencephalopathy.Swabsfrom bothhandsandperianalskinwereacquiredon day0
(beforerifaximin treatment),period1 (between1±7weeks),andperiod2 (between8±16
weeks).

Patientswhohadahistoryof rifaximin or rifamycingroupantibioticadministrationor a
historyof specificdiseaserequiringrifampin treatmentincluding tuberculosis,meningococcal
infection,andforeignbodyinfectionwereexcludedfrom thisstudy.Patientswhoinitially had
rifampin-resistantstaphylococcalisolateswerealsoexcluded.Medicalrecordsof all enrolled
patientswerereviewed,andthepatients'clinicalcoursewasfolloweduntil December2016.
TheInstitutional ReviewBoardof EwhaWomansUniversityHospitalapprovedthisstudy
(IRBnumber;2014-06-026-008).

Staphylococcus identification and rifampin susceptibility testing

Swabsfrom thehandsandperianalskinwereculturedon bloodagarplatesfor 24±72hoursat
35ÊC.Colonieswith appropriatestaphylococcalmorphologyweresub-culturedon asubse-
quentbloodagarplate,followedbygramstainingandcatalasetests.Staphylococcalspecies
wereconfirmedif thecolonieswerebothgram-andcatalase-positive.TheAPI Staph(BIO-
MEÂRIEUX,Marcy-I'Etoile,France)kit wasusedfor identificationof staphylococcalgenera.
All isolatedstaphylococciweretestedfor rifampin susceptibilitybymeasuringtheminimum
inhibitory concentration(MIC) usingtheE-testRifampicinstrip (BIOMEÂRIEUX,Marcy-
I'Etoile,France).

Bacteriacapableof growthatanMIC � 4μg/mL wereconsideredrifampin-resistant,and
thosewith anMIC � 1μg/mL wereconsideredsusceptibleby theCLSI(ClinicalandLabora-
tory StandardsInstitute)method[10].

Statistical analysis

All statisticalanalyseswereperformedusingtheSPSSprogram,version22.0.Continuousvari-
ablesarepresentedasthemeanwith standarddeviation,andcategoricalvariablesarepre-
sentedasnumberwith percentage.To evaluatethepredictivefactorsassociatedwith persisting
detectionof rifampin-resistantstaphylococcusin period2amongthepatientswith rifampin-
resistantstaphylococcusin period1,Student'st-testwasusedfor continuousvariables,andthe
chi-squaretestor Fisher'sexacttestwasusedfor categoricalvariables.P values< 0.05were
consideredstatisticallysignificant.

Results

Clinical characteristics of enrolled cirrhotic patients

Of the38cirrhotic patients,five initially demonstratedrifampin-resistantstaphylococcaliso-
lates,andeightwhodid not follow theassignedschedulewereexcluded.Thus,thedatafrom
25patientswhocompletedthestudywerefinally analyzed.A detailedflow chartisshownin
Fig1.

Themeanpatients'agewas62.2years,with 80.0%malepatients.Themostcommoncause
of liver cirrhosiswasalcoholuse(68.0%),followedbyviral infection(28.0%)andacryptogenic
cause(4.0%).PatientswereclassifiedasChild A (N = 16;64%),B (N = 7;28%),or C (N = 2;
8%).Nine patients(36.0%)werehospitalizedat thetime of rifaximin treatmentinitiation, and
6 (24.0%)patientshadahistoryof otherantibiotic treatmentwithin 3monthsof rifaximin
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administration.Themeandurationof rifaximin treatmentwas16.8days(Table1).Therewere
no significantdrug-relatedadverseeventsduring thisstudy.

Identification of rifampin-resistant staphylococcal isolates

During thestudyperiod,atotalof 198staphylococcalisolatesfrom 15specieswereidentified.
Staphylococcus epidermidis (S. epidermidis) wasthemostfrequentlyisolatedstrain,andStaphy-
lococcus haemolyticus (S. haemolyticus) wasthemostcommonrifampin-resistantstrainiso-
latedfrom bothhandsandperianalskin (Table2).

Beforerifaximin treatment,staphylococcalcolonizationwasdetectedin all enrolled
patients,with 43rifampin-sensitivestaphylococcalisolatesidentified:32isolatedfrom hands
(24patients)andtheother11isolatesfrom theperianalskin (15patients).Eighteenrifampin-
resistantstaphylococcalisolatesfrom 11patients(44.0%,11/25)developedin period1,7 iso-
latesfrom hands(6 patients)and11isolatesfrom theperianalskin (10patients).Themedian
MIC of theseisolateswas32.0(interquartilerange(IQR),4.0±32.0)μg/mL.Sevenof theabove
11patients(63.6%)developedresistantisolateswithin 3 weeksof initiation of rifaximin treat-
ment.Thefirst locationof rifampin-resistantisolateswastheperianalskin in 5 patients
(45.4%),bothperianalskinandhandsin 5 patients(45.4%),andon handsonly in 1 patient
(9.1%).Sevenrifampin-resistant isolatesfrom hands(3 patients)and10isolatesfrom perianal
skin (6 patients)wereidentifiedin period2.TheseisolatesshowedamedianMIC of 32.0
(IQR,4.0±32.0)μg/mL.No newresistantstrainswereacquiredin period2.Rifampin-resistant
staphylococcalisolatesweremorefrequentlyfound from theperianalskin thantheskinof
handsin bothperiods1 and2 (Table3).

Clinical characteristics of patients with rifampin-resistant staphylococci

Clinicaldatafrom the11patientswith rifampin-resistantstaphylococciin period1 were
reviewed.Eightpatients(50.0%,8/16)of Child A, 2 patients(28.6%,2/7)of Child B,and1
(50.0%,1/2)patientof Child C gradeshowedrifampin-resistantstaphylococcalisolatesduring
period1.

Fig 1. Flow chart of the study design.

https://doi.org/10.1371/journal.pone.0186120.g001
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Of the11patientswhodevelopedrifampin-resistantisolatesin period1,six(54.5%)were
found to haveconsistentlyrifampin-resistant isolatesduring period2,whereastheresistant
strainswereno longerdetectedin theotherpatients(45.5%).Therewasno significantdiffer-
encein clinicalcharacteristicsbetweenthepatientswhostill showedrifampin-resistant

Table 2. Staphylococcal species isolated during the study.

Species Hand (total/resistant) Perianal (total/resistant)

Staphylococcus epidermidis 43/3 19/4

Staphylococcus aureus 18/1 13/6

Staphylococcus haemolyticus 17/7 15/9

Staphylococcus capitis 12/1 2/0

Staphylococcus warneri 12/0 2/0

Staphylococcus hominis 8/0 3/0

Staphylococcus xylosus 5/1 5/1

Staphylococcus lugdunensis 5/0 6/0

Staphylococcus caprae 5/0 0

Staphylococcus chromogenes 1/0 2/0

Staphylococcus saprophyticus 1/0 0

Staphylococcus simulans 1/0 0

Staphylococcus cohnii cohnii 1/0 0

Staphylococcus sciuri 0 2/0

Staphylococcus lentus 0 1/1

Total 128/13 70/21

https://doi.org/10.1371/journal.pone.0186120.t002

Table 1. Baseline characteristics of the enrolled patients.

Age, mean �“ SD (years) 62.2 �“ 8.4

Male (%) 20 (80.0)

Comorbidities (%)

Hypertension 5 (20.0)

Diabetes mellitus 6 (24.0)

Alcohol consumption (%) 14 (56.0)

Smoking habit (%) 6 (24.0)

Etiology of liver cirrhosis (%)

Viral 7 (28.0)

Alcohol 17 (68.0)

Cryptogenic 1 (4.0)

Child score (%)

A 16 (64.0)

B 7 (28.0)

C 2 (8.0)

Past admission history (%)

Yes 15 (60.0)

No 10 (40.0)

History of other antibiotics (%) 6 (24.0)

Hospitalized at the time of treatment initiation (%) 9 (36.0)

Duration of rifaximin, mean �“ SD (days) 16.8 �“ 11.9

SD, standard deviation

https://doi.org/10.1371/journal.pone.0186120.t001
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staphylococcuscolonizationandthepatientsin whomrifampin-resistantstaphylococciwere
no longerdetected(Table4).

Table5 demonstratesthedetailedchangesin strainsof rifampin-resistantstaphylococcal
isolatesfrom period1 to period2.Amongthe6 patientswhoshowedcontinuedrifampin-
resistantstaphylococcalisolatesin period2,fiveharboreddifferentspeciesof rifampin-resis-
tant staphylococcusfrom thosein period1.

Therewere6 patientswhohadhistoryof otherantibiotic intakebeforerifaximin treatment,
andhalfof themshowedrifampin-resistantstaphylococcalisolatesin period1.During thefol-
low-upperiod(variableup to 15months)afterrifaximin treatment,infectiousdiseasesdevel-
opedin 5patients:2 patientswith pneumoniaand3patientswith catheter-relatedsepsis,liver
abscess,andenterocolitis,respectively;two of themhadhistoryof otherantibiotic intake.
Rifampin-resistantstrainswerenot identifiedin anyof theseinfectedpatients.Thepatient
whodevelopedcatheter-relatedsepsisafterdiscontinuationof rifaximin wastreatedwith
third-generationcephalosporinfor 8 days,andthepathogenwasidentifiedasrifampin-sensi-
tiveS. epidermidis. Rifampin-sensitiveS. haemolyticus wasidentifiedin theascitesof the
patientwhodevelopedbacterialperitonitisafter9.8monthsof rifaximin discontinuation,and
hehadno historyof otherantibiotic intake.Theother3 patientshadnon-staphylococcalasso-
ciatedinfectiousdisease.

Discussion

Thisstudyis thefirst to analyzerifampin resistanceafterrifaximin intakein arealclinicalset-
ting. Theaimof our studywasto evaluatewhetherrifampin-resistantstaphylococcicould
developafterrifaximin treatmentin immunocompromisedpatientsandwhethertheemer-
genceandcolonizationof thebacteriacouldinfluencepatients'clinicalcourse.In Korea,rifax-
imin wasapprovedfor thetreatmentandpreventionof hepaticencephalopathyin addition to
othergastrointestinalinfections;therefore,weanalyzedcirrhotic patientsin thisstudy.

All enrolledpatientswerefound to havestaphylococcalcolonization,and44.0%of patients
developedrifampin-resistantstaphylococcalisolatesafterrifaximin treatment.Therifampin-
resistantstaphylococcalisolatesemergedwithin 3weeksafterrifaximin treatmentin thisstudy
group.Thefastestrifampin-resistant staphylococcalisolatewasfoundon day10of rifaximin

Table 3. Incidence of staphylococcal isolates during the study.

Period 0 Period 1 Period 2

Patients with sensitive isolates 25 14 19

From hand 24 14 18

From perianal skin 15 10 14

Patients with resistant isolates - 11� 6�

From hand - 6 3

From perianal skin - 10 6

Staphylococcal isolates 43 73 89

Rifampin-sensitive isolates 43 55 72

From hand 32 40 48

From perianal skin 11 15 24

Rifampin-resistant isolates - 18 17

From hand - 7 7

From perianal skin - 11 10

�Among the 11 patients with rifampin-resistant isolates in period 1, six were found to have rifampin-resistant isolates in period 2.

https://doi.org/10.1371/journal.pone.0186120.t003
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intake.About halfof thepatients(54.5%)werefound to maintaincolonizationwith rifampin-
resistantisolatesafterdiscontinuationof rifaximin, without acquisitionof anewresistant
strainin period2.Theresistantstrainswereno longerdetectedin the63.6%of patientsafter
discontinuationof rifaximin. In patientswith resistantstrains,therewasno correlation
betweendurationof rifaximin treatmentandtime to cultureconversion(negativeculture
resultof rifampin-resistantstaphylococcus).Rifampin-resistantstaphylococcalisolateswere
morefrequentlyfound from theperianalskin thanfrom handskin.ThemedianMIC of
detectedrifampin-resistantisolateswas32.0(IQR,4.0±32.0)μg/mL in bothperiods1and2.
WhenEUCAST(EuropeanCommitteeon Antimicrobial SusceptibilityTesting)wasused,in
whichrifampin MIC > 0.5μg/mL wasconsideredresistant,andMIC � 0.06μg/mL wascon-
sideredsusceptibleto rifampin [14], thepercentageof rifampin-resistantisolateswashigher
thanthatdeterminedbyCLSIin periods1 (27.4%,20/73)and2 (21.3%,19/89),but these
changeswerenegligible,producingno changein MIC distribution.

S. epidermidis is themostcommonbacterialspeciesisolatedfrom humanskin,foundon all
bodyparts[15]. S. aureus isanothercommonspeciesandis themosteminentpathogenof
humaninfectionamongstaphylococci[15]. Therateof S. aureus colonizationon thehandsis
known to be21%in thehealthypopulation[16], whilepersistentandtransientcolonizationis
reportedat20%and30%,respectively[15]. In our study,S. epidermidis andS. aureus werethe
mostcommonlyfoundspecies,but therateof staphylococcalcolonizationwashigherthanin
thehealthypopulation.

Table 4. Predictive factors for persisting detection of rifampin-resistant staphylococcus in period 2 among the patients with rifampin-resistant

staphylococcus in period 1.

Persisting detection of rifampin-resistant

staphylococcus in period 2

No detection of rifampin-resistant

staphylococcus in period 2

P value

Age, mean �“ SD (years) 67.0 �“ 9.49 61.4 �“ 4.34 0.257

Male (%) 5 (83.3) 3 (60.6) 0.545

Comorbidities (%)

Hypertension 1 (16.7) 1 (20.0) �! 0.999

Diabetes mellitus 1 (16.7) 1 (20.0) �! 0.999

Alcohol consumption (%) 3 (50.0) 1 (20.0) 0.545

Smoking habit (%) 1 (16.7) 1 (20.0) �! 0.999

Etiology of liver cirrhosis (%) 0.545

Viral 3 (50.0) 1 (20.0)

Alcohol 3 (50.0) 3 (60.0)

Cryptogenic 0 (0) 1 (20.0)

Child score (%) 0.727

A 4 (66.7) 4 (80.0)

B 1 (16.7) 1 (20.0)

C 1 (16.7) 0 (0)

Past admission history (%) 5 (83.3) 3 (60.0) 0.545

History of other antibiotics (%) 2 (33.3) 2 (40.0) �! 0.999

Admission at the time of treatment (%) 2 (40.0) 2 (33.3) �! 0.999

Duration of rifaximin, mean �“ SD (days) 19.67 �“ 20.12 19.40 �“ 10.21 0.979

Interval for development of rifaximin resistant

staphylococcus in period 1, mean �“ SD (days)

2.00 �“ 1.41 1.20 �“ 1.30 0.359

Development of infectious disease (%) 3 (50.0) 0 (0) 0.182

SD, standard deviation

https://doi.org/10.1371/journal.pone.0186120.t004
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Rifaximin,asemisyntheticderivativeof rifamycinhasbroadspectrumactivityagainstaero-
bic andanaerobicgram-negativeandgram-positivemicroorganisms[1, 2]. Themechanismof
rifaximin antimicrobialactivityis inhibition of RNA synthesisbybinding with theβ-subunit
of thebacterialDNA-dependentRNA polymerase[17]. Rifaximin isnot affectedbygastric
fluid [1], andits additionalpyridoimidazolering minimizessystemicabsorption,enabling
highconcentrationsof thedrug to remainin thegastrointestinaltract [18]. Nearly97%of
rifaximin isexcretedin thestoolin unchangedform, with lessthan0.4%bioavailabilityin the
bloodafteroraladministration[3, 4]; thus,thereisno needfor doseadjustmentsfor patients
with hepaticdysfunctionor renalinsufficiency[1]. Theadverseeffectsof rifaximin arealsorel-
ativelytolerable,andit hasalow levelof interactionwith otherdrugssharingthecytochrome
P-450metabolismpathway[19].

Byvirtueof theseuniquerifaximin properties±includingbroadspectrumbacterialcover-
age,easyavailabilityfor oral intake,gut-specifictherapeuticeffectsarisingfrom highgut

Table 5. Identification of rifampin-resistant staphylococci in each period.

Period 1 Period 2

Patient 1

Hand S. epidermidis, S. xylosus S. epidermidis, S. hominis

Perianal skin S. aureus S. epidermidis

Patient 2

Hand S. hominis S. capitis, S. epidermidis

Perianal skin S. hominis, S. xylosus S. hominis

Patient 3

Hand - -

Perianal skin S. lentus -

Patient 4

Hand - S. aureus, S. hominis

Perianal skin S. hominis S. aureus

Patient 5

Hand S. hominis -

Perianal skin S. aureus -

Patient 6

Hand S. hominis -

Perianal skin S. hominis -

Patient 7

Hand S. hominis -

Perianal skin S. hominis S. hominis

Patient 8

Hand S. hominis -

Perianal skin - -

Patient 9

Hand - -

Perianal skin S. epidermidis S. aureus, S. epidermidis

Patient 10

Hand - -

Perianal skin S. epidermidis S. hominis

Patient 11

Hand - -

Perianal skin S. aureus -

https://doi.org/10.1371/journal.pone.0186120.t005
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concentrations,andsafety±theclinical indicationshavebeenexpandedfrom treatmentof trav-
eler'sdiarrhea(May25,2004)[12] to preventionof hepaticencephalopathy(March25,2010)
[12] andtreatmentfor irritable bowelsyndromewith diarrhea(May27,2015)by theUS-FDA
[8]. Otherpossibleindicationsarealsoconsideredfor infectiousdiarrhea,inflammatorybowel
disease,smallbowelbacterialovergrowth,andnon-complicateddiverticulardisease[1].

With thebroaduseof rifaximin, manyresearchersareconcernedaboutthepossibilityof
antimicrobialresistance.Themechanismfor bacteriato obtainrifamycin resistanceisassoci-
atedwith DNA-dependentRNA polymeraseencodedin therpoB gene,andspecificmutations
in thisgenearefound to leadto cross-resistanceto otherrifamycinderivativeswhichare
turnedout in in vitro experimentswith S. aureus [20], M. tuberculosis [21,22],andC. difficile
[23]. Specificpoint mutationscouldresultin resistanceto all rifamycinsor only someof them
[21]. Also,activityof bacterialmultidrug resistance(MDR) effluxpumpsystems,which lower
theintracellulardrugconcentration,isanotherpossiblemechanismof resistance[24].

Severalstudieshavereportedalow possibilityof developmentof rifaximin antimicrobial
resistance.In vitro andanimalstudiesreportedthat rifaximin plasmaconcentrationwasnot
sufficientto developrifaximin resistanceor cross-resistanceto rifampin in M. tuberculosis [25,
26].Regardingtheeffectof rifaximin on gut floraandstaphylococcalresistance,anin vivoani-
malstudyreportedthat rifaximin couldreducethetotalbacterialcount in thesmallintestine;
however,recoveryof bacterialcountsoccurredafewdaysaftercessationof therapy[27]. The
authorsof thisstudyconcludeno influenceof rifaximin on thedevelopmentof rifampin-resis-
tancebydemonstratingno increaseof rifampin-resistantstaphylococciafterrifaximin treat-
mentusingrifampin susceptibilitytests[27].

On theotherhand,oppositeresultsof spontaneousrifaximin-resistantmutantswere
reported[28], andrifampin-resistantC. difficile infectionassociatedwith previousexposureto
rifamycinwasdemonstratedbasedon patientshospitalizedfor thetreatmentof C. difficile
infection[29]. Staphylococcalisolateswith cross-resistanceto rifampin weredetectedon the
skinof healthyvolunteersafteroral intakeof rifaximin. Theauthorsof thestudyassumethat
contactbetweenstoolcontainingrifaximin andperianalstaphylococcuswasthemodeof
acquisitionof rifampin-resistancebecauseall of theresistantstrainsfirst appearedon theperi-
analskin [10]. Theyalsosuggesttheclinical relevanceof cross-resistancebetweenrifaximin
andrifampin byreportingacaseof bacteremiawith rifampin-resistantS. aureus afterreceiving
rifaximin [30]. Especially,rifampin hasapivotalrole in treatmentof methicillin-resistantS.
aureus (MRSA)-associatedforeignbodyinfectionasanantibiofilm agent[31]; thus,rifampin
resistancecouldresultin fataltreatmentfailure.Accordingto arecentKoreanmulti-center
studyin whichour hospitalparticipated,bothcommunity-associatedMRSAandhealthcare-
associatedMRSAisolatesshowedhighsusceptibilityto rifampin, nearly95%[32]. However,a
Spanishstudyreportedthat theprevalenceof rifampin-resistancewashigherin MRSAthanin
methicillin-sensitiveS. aureus althoughtheprevalenceof rifampin-resistanceitselfwaslow
amongS. aureus isolates(0.59%)[33]. It is impressivethatall rifampin-resistantS. aureus iso-
latedfrom clinicalspecimenswereMRSAin aChinastudy[34]. Therefore,co-existenceof
methicillin resistancein rifampin-resistantstaphylococcusneedsto beinvestigated,thoughwe
couldnot performsuchananalysisin thisstudy.

In accordancewith theabovestudies,our studydemonstratescross-resistancebetween
rifaximin andrifampin in staphylococci.Althoughnot all resistantstrainsweredetectedon
theperianalskin in period1,about91%of theresistantstrainsweredetectedon eitherthe
perianalskinor both theperianalskinandthehands,whichstrengthensthesuggestedmecha-
nismof acquiredrifampin-resistancein staphylococci.Wealsoshowedthat this resistancecan
developrapidlywithin 2weeksandcanbedetecteduntil 22weeksafterrifaximin discontinua-
tion. Wedid not find anysignificantclinical factorsassociatedwith persistingdetection/or
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lackof detectionof rifampin-resistantstaphylococciin period2 in thepatientswith rifampin-
resistantstaphylococcusin period1.Thismight imply that thereisno predictivefactorin
decidingwhichpatientsshouldbefollowedup to confirm whetherrifampin-resistantstaphy-
lococciwill persistor disappear.Fortunately,althoughtheemergenceof theresistantstrains
wasidentified,no infectiousdiseasesrelatedto rifampin-resistantstaphylococciincluding
MRSAinfectionwerefound in thepatientsduring the15-monthfollow-upperiod.

In our study,5 patientswhohadno historyof previousrifaximin or rifampin intakewere
found to haverifampin-resistantstaphylococcalspeciesat thetime of inclusion.All of these
patientswerediagnosedwith alcoholicliver cirrhosis,andfour alsohaddiabetesmellitusand
progressedliver cirrhosis(Child Bor C).Regardingthepossibilityof usingantibiotics,only 2
patientshadbeenhospitalizedor exposedto antibioticsotherthanamemberof therifamycin
groupwithin thepast1 year.No onehadaforeignbodysuchasprostheticjoint, indwelling
catheter,pacemaker,or prostheticheartvalve,whichcouldcauseaseriousclinicalcondition
from foreignbodyinfectionwith rifampin-resistantstaphylococcusspecies.

Themechanismof acquiringrifampin-resistant staphylococciin thesepatientsisunclear.
Themechanismof rifamycin-resistancethroughmutationof therpoBgenehaslow risk for
horizontaltransmissioncomparedwith resistanceencodedon mobilegeneticelements(plas-
mid or transposon)[27]. Thesepatientsmight haveunclearrecallsor haveexperiencedexpo-
sureto otherantibioticsin therifamycincategory.However,therewasalsoapossibilitythat
theyharboredcommunity-or hospital-acquiredrifampin-resistantstaphylococci.Although
rifaximin resistanceisnot encodedon amobilegeneticelement,rapidspreadof suchresis-
tanceispossibleunderthespecificconditionsof antibioticover-useor inappropriateprescrip-
tion [35], supportedbyastudyof genemutation-basedciprofloxacinresistancethatspread
rapidlyafterantibiotic treatmentof MRSAin anosocomialsetting[36].

Althoughcolonizationwith rifampin-resistantisolatesdid not resultin aseriousclinical
statusduring thefollow-upperiodin thisstudy,it is still acautiousconcernthatbroaderuseof
rifaximin for mild disease,especiallyrepeatedlyor for long-term,couldincreasethepossibility
of significantinfectionswith rifampin-resistantisolatesin high-riskpatientssuchasimmuno-
compromisedpatientsor thosewith amedicaldeviceimplant.Therefore,further studieswith
long-termdataarerequiredto evaluatetheclinical implicationof thecolonizationof rifam-
pin-resistantisolatesafterrifaximin usein immunocompromisedpatientsandtherisk of hori-
zontalspreadof rifampin resistanceundertheincreasedprescriptionof rifaximin with broad
indications.

Asthisstudywasapilot study,it hasseverallimitations.First,therewasinevitablevariation
in rifaximin treatmentdurationbecausethisstudywasbasedin arealclinicalsetting;thus,the
prescriptionschedulediffereddependingon patientclinicalstatus.Also,arelativelysmall
numberof patientswasenrolled,andwecouldnot concludeexactlyhowlongtheresistant
strainpersistedafterdiscontinuationof rifaximin treatment.However,thisstudyisveryvalu-
ablein termsof evaluatingtheincidenceof staphylococcalcross-resistanceto rifamycinafter
rifaximin treatment,asaresultof clinicalcoursein staphylococcus-colonizedpatientswith
immunocompromisedcondition for whomrifaximin drugusehasbeenapprovedby theFDA.

In conclusion,rifampin-resistantstaphylococcalstrainscandevelopshortlyafterrifaximin
treatmentin cirrhotic immunocompromisedpatients.Althoughaboutthehalfof theresistant
strainswereno longerdetectedwithin about4monthsafterrifaximin discontinuationwithout
significantinfectiousevents,thelong-termdrug influenceon theclinicalcoursein immuno-
compromisedpatientsshouldbedetermined.
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