


Rifampin-resistant staphylococci in cirrhotic patients

about half of the patients in the short-term, the long-term influence of this drug treatment
should be determined.

Introduction

Rifaximin, belongingto the rifamycin group of antibiotics,hasbroad-spectrunantibacterial
activity againsigram-positiveand gram-negativdacteriaandalsoagainstaerobicandanaer-
obicmicroorganismg1, 2]. Rifaximin hashigh availabilityafteroral intakebut is poorly
absorbednto systemicirculation,resultingin ahigh concentrationin the gastrointestinal
lumen,and97%of the drugis excretedhroughfecesn anunchangedorm [3, 4]. These
uniquepropertiesrenderrifaximin agut-specifictherapeuticagentwhichis thereforewidely
usedfor smallintestinalbacterialovergrowth traveler'sdiarrheahepaticencephalopathygnd
colonicdiverticulardiseas¢s+7]. Additionally, rifaximin wasrecentlyapprovedor thetreat-
mentof diarrhea-predominantrritable bowelsyndrome(IBS-D) by the USFoodand Drug
Administration (FDA) [8].

Along with increasediseandthe expandedndicationsof rifaximin, emergingbacterial
cross-resistande otherantibioticshasbecomeamajor concern.Cross-resistand® the struc-
turally similar antibiotic rifampicin, whichis usedfor the treatmentof tuberculosismeningo-
coccaliseaseandstaphylococcdbreignbodyinfection[9] hasbeendocumented10].
However resultsareinconsistentegardingthe influenceof rifaximin administrationfor the
developmenbf cross-resistande rifampin in realclinical settingsThe developmenbf cross-
resistanceo rifampin afterrifaximin administrationhasheenconfirmedin staphylococci,
while this cross-resistandeasnot beenidentifiedin othermicroorganismsuchasEscherichia
coli (E. coli), Mycobacterium tuberculosis (M. tuberculosis), or Clostridium difficile (C. difficile).
Rifampin-resistanstaphylococcafterrifaximin administrationhavebeenfound in healthy
adults[10], but this cross-resistandeasnot beenproperlyevaluatedn patientswhoneed
rifaximin asatherapeutidntervention.

A recentstudyevaluatedhe efficacyof repeatedifaximin treatmentin patientswith relaps-
ing IBS-Dsymptomswho hadrespondedo aninitial 2-weekcourseof rifaximin treatment.
The safetyof rifaximin administrationwasdemonstratedor severamonthsof treatment[11];
howeverthis studyexcludedpatientswho hadsignificantmedicalcomorbidities.

Rifaximinis approvedor the preventionof hepaticencephalopathin liver cirrhosis
patients[12], andthis treatmentshowdong-termreductionin hepaticencephalopathy-related
andall-causénospitalization[13]. For the effectivepreventionof hepaticencephalopathin
advancedirrhotic patientsJong-termadministrationof rifaximin isinevitable Consequently,
thedevelopmenbf bacterialkcross-resistandeasbecomeamajor concern.

In this prospectivestudy,we evaluatedow frequentlyrifampin-resistam staphylococci
emergeafterrifaximin treatmentandexaminedhe clinical progresf colonizationafterrifax-
imin treatmentin cirrhotic patients.

Materials and methods
Patient enrollment

Eligiblesubjectsvereliver cirrhotic patientswho wereprescribedifaximin for the prevention
of hepaticencephalopathyPatientavho agreedo participatein the studyby givinginformed
written consentwereenrolled.A total of 38liver cirrhotic patientswereincludedfrom March
2015to April 2016in EwhaWwomansUniversityMokdongHospital,SeoulKorea.The patients
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took rifaximin (Normix®, Alfa Wassermann$00mgtid orally accordingto the hepatologist
prescription,andrifaximin wasdiscontinuedif the patientswerefound to haverifaximin-
resistanstaphylococcuduring this studyandwerealsoconfirmedwith low risk of ongoing
hepaticencephalopathyswabgrom both handsand perianalskin wereacquiredon dayO
(beforerifaximin treatment),period 1 (betweeril+7weeks)andperiod 2 (betweerB+16
weeks).

Patientswho hadahistory of rifaximin or rifamycin group antibiotic administrationor a
history of specificdiseaseequiring rifampin treatmentincluding tuberculosismeningococcal
infection,andforeignbodyinfectionwereexcludedrom this study.Patientswhoinitially had
rifampin-resistantstaphylococcatolatesverealsoexcludedMedicalrecordsof all enrolled
patientswerereviewedandthe patients'clinical coursewasfolloweduntil Decembef016.
Thelnstitutional ReviewBoardof EwhaWomansUniversity Hospitalapprovedhis study
(IRBnumber;2014-06-026-008).

Staphylococcus identification and rifampin susceptibility testing

Swabdrom the handsand perianalskin wereculturedon blood agarplatesfor 24+72hoursat
35ECColonieswith appropriatestaphylococcahorphologyweresub-culturedon asubse-
guentblood agarplate followedby gramstainingand catalas¢ests Staphylococcapecies
wereconfirmedif the colonieswereboth gram-and catalase-positivdhe AP| Staph(BIO-
MERIEUX, Marcy-I'Etoile, France )it wasusedfor identification of staphylococcajenera.
All isolatedstaphylococaiveretestedor rifampin susceptibilityoy measuringhe minimum
inhibitory concentration(MIC) usingthe E-testRifampicinstrip (BIOMERIEUX, Marcy-
I'Etoile, France).

Bacteriecapableof growthatanMIC > 4 ug/mL wereconsideredifampin-resistantand
thosewith anMIC < 1 pg/mL wereconsideredsusceptibléy the CLSI(Clinical andLabora-
tory Standarddnstitute) method[10].

Statistical analysis

All statisticabnalysesvereperformedusingthe SPS®rogram,version22.0.Continuousvari-
ablesarepresentedsthe meanwith standarddeviation,and categoricalariablesarepre-
sentedasnumberwith percentagel o evaluatehe predictivefactorsassociate@ith persisting
detectionof rifampin-resistantstaphylococcui period 2 amongthe patientswith rifampin-
resistanstaphylococcus period 1, Student's-testwasusedfor continuousvariablesandthe
chi-squaredestor Fisher'ssxacttestwasusedfor categoricaVariablesP values< 0.05were
consideredstatisticallysignificant.

Results
Clinical characteristics of enrolled cirrhotic patients

Of the 38cirrhotic patients fiveinitially demonstratedifampin-resistanistaphylococcaso-
latesandeightwho did not follow the assignedgchedulevereexcludedThus,the datafrom
25patientswho completedhe studywerefinally analyzedA detailedflow chartis shownin
Fig1.

Themeanpatients'agewas62.2yearswith 80.0%malepatients Themostcommoncause
of liver cirrhosiswasalcoholuse(68.0%)followedby viral infection (28.0%)andacryptogenic
caus€4.0%) PatientswereclassifiecasChild A (N = 16;64%),B (N = 7;28%),or C (N = 2;
8%).Nine patients(36.0%)werehospitalizedat the time of rifaximin treatmentinitiation, and
6 (24.0%)patientshada history of otherantibiotic treatmentwithin 3 monthsof rifaximin
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Liver cirrhosis patients requiring rifaximin
for treatment or prevention of hepatic
encephalopathy from
March 2015 to May 2016 (n = 38)

Patients with rifampin-resistant
staphylococcal isolations initially
(n=5)

Rifaximin treatment (n = 33)

| Follow-up loss (n = 6)

Staphylococcus identification and
rifampin susceptibility test in period 1
(n=27)

| Follow-up loss (n = 2)

Staphylococcus identification and
rifampin susceptibility test in period 2
(n = 25)

Fig 1. Flow chart of the study design.
https://bi.org/10.1371durnal.por.0186120.g01L

administration.The meanduration of rifaximin treatmentwas16.8days(Tablel). Therewere
no significantdrug-relatedadverseventsduring this study.

Identification of rifampin-resistant staphylococcal isolates

During the studyperiod,atotal of 198staphylococcasolatedrom 15speciesvereidentified.
Staphylococcus epidermidis (S. epidermidis) wasthe mostfrequentlyisolatedstrain,and Staphy-
lococcus haemolyticus (S. haemolyticus) wasthe mostcommonrifampin-resistanistrainiso-
latedfrom both handsand perianalskin (Table2).

Beforerifaximin treatment staphylococcatolonizationwasdetectedn all enrolled
patientswith 43rifampin-sensitivestaphylococcabolateddentified: 32isolatedfrom hands
(24 patients)andthe other 11isolategrom the perianalskin (15 patients) Eighteerrifampin-
resistanstaphylococcasolatefrom 11 patients(44.0%11/25)developedn period1,7iso-
latesfrom hands(6 patients)and11isolatedrom the perianalskin (10 patients).Themedian
MIC of thesesolatesvas32.0(interquartilerange(IQR), 4.0+32.0ug/mL. Severof the above
11patients(63.6%)developedesistanisolatesvithin 3 weekf initiation of rifaximin treat-
ment. Thefirst locationof rifampin-resistantsolatesvasthe perianalskinin 5 patients
(45.4%)both perianalskinandhandsin 5 patients(45.4%)andon handsonly in 1 patient
(9.1%) Sevenifampin-resistam isolatesrom hands(3 patients)and 10isolatedrom perianal
skin (6 patients)wereidentifiedin period 2. ThesdsolatesshowedamedianMIC of 32.0
(IQR,4.0+32.0pg/mL. No newresistantstrainswereacquiredin period 2. Rifampin-resistant
staphylococcasolatesveremore frequentlyfound from the perianalskin thanthe skin of
handsin both periodsl and2 (Table3).

Clinical characteristics of patients with rifampin-resistant staphylococci

Clinical datafrom the 11 patientswith rifampin-resistanistaphylococdin period1 were
reviewedEightpatients(50.0%8/16)of Child A, 2 patients(28.6%2/7) of Child B,and 1
(50.0%7/2) patientof Child C gradeshowedifampin-resistantsstaphylococcasolatesiuring
period1.
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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://dbi.org/10.1371djurnal.por.0186120.t00

Of the 11 patientswho developedifampin-resistantisolatesn period 1, six (54.5%)were
found to haveconsistentlyifampin-resistan isolatesluring period 2, whereaghe resistant
strainswereno longerdetectedn the other patients(45.5%) Therewasno significantdiffer-
encein clinical characteristicbetweerthe patientswho still showedifampin-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 11
Total 128/13 70/21

https://abi.org/10.1371djurnal.por.0186120.t0D
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Table 3. Incidence of staphylococcal isolates during the study.

Patients with sensitive isolates
From hand
From perianal skin
Patients with resistant isolates
From hand
From perianal skin
Staphylococcal isolates
Rifampin-sensitive isolates
From hand
From perianal skin
Rifampin-resistant isolates
From hand
From perianal skin

Period 0 Period 1 Period 2
25 14 19
24 14 18
15 10 14

11 6

6 3

10 6
43 73 89
43 55 72
32 40 48
11 15 24
18 17

7 7

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://da.org/10.1371durnal.pon®186120.t003

staphylococcusolonizationandthe patientsin whom rifampin-resistantstaphylococacivere
no longerdetected Table4).

Table5 demonstrateshe detailedchangesn strainsof rifampin-resistantstaphylococcal
isolatesfrom period 1 to period 2. Amongthe 6 patientswho showedcontinuedrifampin-
resistanstaphylococcasolatesn period2, five harboreddifferentspecie®f rifampin-resis-
tant staphylococcuom thosein period1.

Therewere6 patientswho hadhistory of otherantibiotic intakebeforerifaximin treatment,
andhalf of themshowedifampin-resistanistaphylococcasolatesn period1. During thefol-
low-up period (variableup to 15months)afterrifaximin treatment,infectiousdiseasedevel-
opedin 5 patients2 patientswith pneumoniaand 3 patientswith catheter-relatedepsisliver
abscesg@ndenterocolitis respectivelytwo of themhadhistory of otherantibiotic intake.
Rifampin-resistanstrainswerenot identifiedin anyof theseinfectedpatients The patient
who developedatheter-relatedepsisafterdiscontinuationof rifaximin wastreatedwith
third-generationcephalosporirfor 8 daysandthe pathogenwasidentified asrifampin-sensi-
tive S. epidermidis. Rifampin-sensitives. haemolyticus wasidentifiedin the ascite®f the
patientwho developedacterialperitonitis after9.8monthsof rifaximin discontinuation,and
hehadno history of otherantibiotic intake. The other 3 patientshadnon-staphylococcasso-
ciatedinfectiousdisease.

Discussion

This studyis thefirst to analyzeifampin resistancafterrifaximin intakein arealclinical set-
ting. Theaim of our studywasto evaluatavhetherrifampin-resistantstaphylococotould
developafterrifaximin treatmentin immunocompromisedcpatientsandwhetherthe emer-
genceandcolonizationof the bacteriacouldinfluencepatients'clinical courseln Korea rifax-
imin wasapprovedor thetreatmentand preventionof hepaticencephalopathin additionto
othergastrointestinainfections;therefore weanalyzedirrhotic patientsin this study.

All enrolledpatientswerefound to havestaphylococcatolonization,and44.0%of patients
developedifampin-resistantstaphylococcaolatesafterrifaximin treatment.Therifampin-
resistanstaphylococcasolatesemergedvithin 3weeksafterrifaximin treatmentin this study
group.Thefastestifampin-resistan staphylococcasolatewasfound on day10of rifaximin
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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 No detection of rifampin-resistant Pvalue

staphylococcus in period 2 staphylococcus in period 2

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) 10.999

Diabetes mellitus 1(16.7) 1(20.0) 10.999
Alcohol consumption (%) 3(50.0) 1(20.0) 0.545
Smoking habit (%) 1(16.7) 1(20.0) 10.999
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) 10.999
Admission at the time of treatment (%) 2(40.0) 2(33.3) 10.999
Duration of rifaximin, mean “ SD (days) 19.67 “20.12 19.40 “10.21 0.979
Interval for development of rifaximin resistant 2.00 “1.41 1.20 “1.30 0.359
staphylococcus in period 1, mean “ SD (days)
Development of infectious disease (%) 3(50.0) 0(0) 0.182

SD, standard deviation

https://da.org/10.1371durnal.pon®186120.t004

intake.About half of the patients(54.5%)werefound to maintain colonizationwith rifampin-
resistanisolatesafterdiscontinuationof rifaximin, without acquisitionof anewresistant
strainin period2. Theresistanstrainswereno longerdetectedn the 63.6%of patientsafter
discontinuationof rifaximin. In patientswith resistanstrains therewasno correlation
betweerduration of rifaximin treatmentandtime to culture conversion(negativeculture
resultof rifampin-resistanstaphylococcusRifampin-resistanstaphylococcasolatesvere
more frequentlyfound from the perianalskin thanfrom handskin. ThemedianMIC of
detectedifampin-resistanisolatesvas32.0(IQR, 4.0£32.0pg/mL in both periodsland2.
When EUCAST(EuropeanCommitteeon Antimicrobial SusceptibilityTesting)wasused,n
whichrifampin MIC > 0.5ug/mL wasconsideredesistantandMIC < 0.06pg/mL wascon-
sideredsusceptibleo rifampin [14], the percentagef rifampin-resistantsolatesvashigher
thanthatdeterminedby CLSIlin periodsl (27.4%20/73)and 2 (21.3%.19/89),but these
changesverenegligible producingno changen MIC distribution.

S. epidermidis is the mostcommonbacterialspeciessolatedrom humanskin,found on all
bodyparts[15]. S. aureus isanothercommonspeciesandis the mosteminentpathogerof
humaninfectionamongstaphylococdil5]. Therateof S. aureus colonizationon the handsis
knownto be21%in the healthypopulation[16], while persistentand transientcolonizationis
reportedat 20%and 30% respectively15]. In our study,S. epidermidis andS. aureus werethe
mostcommonlyfound specieshut the rateof staphylococcatolonizationwashigherthanin
the healthypopulation.
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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://abi.org/10.1371djurnal.por.0186120.t08

Rifaximin,asemisyntheticerivativeof rifamycin hasbroadspectrumactivity againstero-
bic andanaerobigram-negativeandgram-positivemicroorganismg1, 2]. The mechanisnof
rifaximin antimicrobialactivityisinhibition of RNA synthesidy binding with the B-subunit
of the bacteriaDNA-dependentRNA polymerasgl7]. Rifaximinis not affectedby gastric
fluid [1], andits additionalpyridoimidazolering minimizessystemiabsorption.enabling
high concentrationf the drug to remainin the gastrointestinairact[18]. Nearly97%of
rifaximin is excretedn the stoolin unchangedorm, with lesshan 0.4%bioavailabilityin the
blood afteroral administration[3, 4]; thus,thereis no needfor doseadjustmentdor patients
with hepaticdysfunctionor renalinsufficiency[1]. Theadverseffectsof rifaximin arealsorel-
ativelytolerable andit hasalow levelof interactionwith otherdrugssharingthe cytochrome
P-450metabolismpathway[19].

By virtue of theseuniquerifaximin propertiestincludindroadspectrumbacterialcover-
age easyavailabilityfor oralintake,gut-specificherapeuticeffectsarisingfrom high gut
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concentrationsandsafety+thelinicalindicationshavebeenexpandedrom treatmentof trav-
eler'sdiarrhea(May 25,2004)[12] to preventionof hepaticencephalopath{March 25,2010)
[12] andtreatmentfor irritable bowelsyndromewith diarrhea(May 27,2015)by the US-FDA
[8]. Other possiblandicationsarealsoconsideredor infectiousdiarrhea,inflammatorybowel
diseasesmallbowelbacterialovergrowth,and non-complicateddiverticulardiseas¢l].

With the broaduseof rifaximin, manyresearcherareconcernedaboutthe possibilityof
antimicrobialresistanceThe mechanisnfor bacteriato obtainrifamycin resistancés associ-
atedwith DNA-dependentRNA polymerasencodedn the rpoB gene andspecificmutations
in this genearefound to leadto cross-resistand®e otherrifamycin derivativesvhich are
turnedoutin in vitro experimentwith S. aureus [20], M. tuberculosis [21,22],and C. difficile
[23]. Specifigoint mutationscouldresultin resistancéo all rifamycinsor only someof them
[21]. Also,activity of bacteriaimultidrug resistancéMDR) efflux pump systemswhichlower
theintracellulardrug concentrationjs anotherpossiblemechanisnof resistancg24].

Severastudieshavereportedalow possibilityof developmenbf rifaximin antimicrobial
resistanceln vitro andanimalstudiesreportedthat rifaximin plasmaconcentrationrwasnot
sufficientto developrifaximin resistancer cross-resistande rifampin in M. tuberculosis [25,
26].Regardinghe effectof rifaximin on gut flora and staphylococcaksistanceanin vivo ani-
mal studyreportedthatrifaximin couldreducethetotal bacterialcountin the smallintestine;
howeveryecoveryof bacterialcountsoccurredafewdaysaftercessatiorf therapy[27]. The
authorsof this studyconcludeno influenceof rifaximin on the developmentf rifampin-resis-
tanceby demonstratingno increaseof rifampin-resistantstaphylococcafterrifaximin treat-
mentusingrifampin susceptibilitytestg27].

On the otherhand,oppositeresultsof spontaneousifaximin-resistantimutantswere
reported[28], andrifampin-resistantC. difficile infection associatewith previousexposurgo
rifamycin wasdemonstratedasedn patientshospitalizedor the treatmentof C. difficile
infection[29]. Staphylococcasolatesvith cross-resistande rifampin weredetectedn the
skin of healthyvolunteersafteroral intake of rifaximin. Theauthorsof the studyassumehat
contactbetweerstoolcontainingrifaximin and perianalstaphylococcugrasthe modeof
acquisitionof rifampin-resistancéecausall of the resistanstrainsfirst appearedn the peri-
analskin[10]. Theyalsosuggesthe clinical relevancef cross-resistandeetweerrifaximin
andrifampin by reportinga caseof bacteremiawvith rifampin-resistants. aureus afterreceiving
rifaximin [30]. Especiallyrifampin hasapivotalrole in treatmentof methicillin-resistants.
aureus (MRSA)-associatefibreignbodyinfection asanantibiofilm agen{31]; thus,rifampin
resistanceouldresultin fataltreatmentfailure. Accordingto arecentKoreanmulti-center
studyin which our hospitalparticipated poth community-associateRSAandhealthcare-
associatedRSAisolatesshowecdhigh susceptibilityto rifampin, nearly95%[32]. Howevera
Spaniststudyreportedthat the prevalencef rifampin-resistancavashigherin MRSAthanin
methicillin-sensitiveS. aureus althoughthe prevalencef rifampin-resistancéselfwaslow
amongs. aureus isolateg0.59%)33]. It isimpressivehatall rifampin-resistants. aureus iso-
latedfrom clinical specimensvereMRSAIn a Chinastudy[34]. Therefore co-existencef
methicillin resistancén rifampin-resistanistaphylococcuseeddo beinvestigatedthoughwe
couldnot performsuchananalysisn this study.

In accordancevith the abovestudiespur studydemonstratesross-resistandaetween
rifaximin andrifampin in staphylococciAlthoughnot all resistantstrainsweredetectecn
the perianalskinin period 1, about91%of the resistanistrainsweredetectedn eitherthe
perianalskin or both the perianalskin andthe handswhich strengthenshe suggestedecha-
nism of acquiredrifampin-resistancén staphylococciWe alsoshowedhatthis resistancean
developrapidly within 2 weeksand canbedetecteduntil 22weeksafterrifaximin discontinua-
tion. We did not find anysignificantclinical factorsassociate@ith persistingdetection/or
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lackof detectionof rifampin-resistantstaphylococcin period2 in the patientswith rifampin-
resistantsstaphylococcum period 1. This mightimply thatthereis no predictivefactorin
decidingwhich patientsshouldbefollowedup to confirm whetherrifampin-resistanistaphy-
lococciwill persistor disappearFortunately althoughthe emergencef theresistanistrains
wasidentified, no infectiousdiseasegrelatedto rifampin-resistanistaphylococdncluding
MRSAinfectionwerefound in the patientsduring the 15-monthfollow-up period.

In our study,5 patientswho hadno history of previousrifaximin or rifampin intakewere
found to haverifampin-resistantstaphylococcapeciestthetime of inclusion.All of these
patientswerediagnosedvith alcoholicliver cirrhosis,andfour alsohaddiabetesnellitusand
progressediver cirrhosis(Child B or C). Regardinghe possibilityof usingantibiotics,only 2
patientshadbeenhospitalizedr exposedo antibioticsotherthanamemberof the rifamycin
groupwithin the pastl year.No onehadaforeignbodysuchasprostheticjoint, indwelling
catheterpacemakemr prostheticheartvalve which could causea seriousclinical condition
from foreignbodyinfectionwith rifampin-resistantstaphylococcuspecies.

Themechanisnof acquiringrifampin-resistam staphylococdin thesepatientsis unclear.
Themechanisnof rifamycin-resistancéhrough mutation of the rpoB genehaslow risk for
horizontaltransmissiorcomparedwith resistance&ncodedn mobile geneticelementgplas-
mid or transposon]27]. Thesepatientsmight haveunclearrecallsor haveexperience@xpo-
sureto otherantibioticsin the rifamycin categoryHowever therewasalsoa possibilitythat
theyharboredcommunity- or hospital-acquiredifampin-resistanistaphylococciAlthough
rifaximin resistancés not encoden amobile geneticelementyapid spreadof suchresis-
tanceis possiblaunderthe specificconditionsof antibiotic over-useor inappropriateprescrip-
tion [35], supportedby a studyof genemutation-basediprofloxacinresistance¢hat spread
rapidly afterantibiotic treatmentof MRSAIn anosocomiaketting[36].

Although colonizationwith rifampin-resistanisolateglid not resultin aseriousclinical
statusduring the follow-up periodin this study,it is still acautiousconcernthat broaderuseof
rifaximin for mild diseasegspeciallyepeatedhor for long-term,couldincreasehe possibility
of significantinfectionswith rifampin-resistanisolatesn high-risk patientssuchasimmuno-
compromisedpatientsor thosewith amedicaldeviceimplant. Therefore further studieswith
long-termdataarerequiredto evaluatehe clinicalimplication of the colonizationof rifam-
pin-resistantisolatesafterrifaximin usein immunocompromisecpatientsandtherisk of hori-
zontalspreadof rifampin resistanceindertheincreasedrescriptionof rifaximin with broad
indications.

Asthis studywasa pilot study,it hasseveralimitations. First,therewasinevitablevariation
in rifaximin treatmentduration becaus¢his studywasbasedn arealclinical setting;thus,the
prescriptionschedulaliffereddependingon patientclinical status Also,arelativelysmall
numberof patientswasenrolled,andwe could not concludeexactlyhow long theresistant
strainpersistedafterdiscontinuationof rifaximin treatment.However this studyis veryvalu-
ablein termsof evaluatingheincidenceof staphylococcatross-resistande rifamycin after
rifaximin treatment,asaresultof clinical coursein staphylococcus-colonizgghtientswith
immunocompromisedcondition for whom rifaximin drug usehasbeenapprovedy the FDA.

In conclusionifampin-resistanistaphylococcatrainscandevelopshortly afterrifaximin
treatmentin cirrhotic immunocompromisedatients Although aboutthe half of the resistant
strainswereno longerdetectedvithin about4 monthsafterrifaximin discontinuationwithout
significantinfectiouseventsthe long-termdruginfluenceon the clinical coursein immuno-
compromisedpatientsshouldbedetermined.
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(XLSX)

Author Contributions
Conceptualization: Seong-Eurkim.

Data curation: JiYoungChangMin SunRyu,Yang-Heeloo,Ko EunLee JihyunLee Kang
Hoon Lee.

Formal analysis: Ji YoungChang,Yang-HeeJoo.
Investigation: JiYoungChang,Yang-HeeJoo.
Methodology: Seong-EurKim, So-Younwoo.

Supervision: Seong-EurKim, TaeHun Kim, So-YounWoo, ChangMo Moon, Hye-Kyung
Jung Ki-Nam Shim,Sung-AeJung.

Writing - original draft: JiYoungChang.

References

1. Adachi JA, DuPont HL. Rifaximin: a novel nonabsorbed rifamycin for gastrointestinal disorders. Clin
Infect Dis. 2006; 42(4):541—7. https://doi.org/10.1086/499950 PMID: 16421799.

2. SensiP. History of the development of rifampin. Review of Infectious Diseases. 1983; 5(Supplement 3):
S402-S6.

3. Rizzello F, Gionchetti P, Venturi A, Ferretti M, Peruzzo S, Raspanti X, et al. Rifaximin systemic absorp-
tion in patients with ulcerative colitis. Eur J Clin Pharmacol. 1998; 54(1):91-3. PMID: 9591937.

4. Descombe JJ, Dubourg D, Picard M, Palazzini E. Pharmacokinetic study of rifaximin after oral adminis-
tration in healthy volunteers. Int J Clin Pharmacol Res. 1994; 14(2):51-6. PMID: 7836025.

5. Scarpignato C, Pelosini I. Rifaximin, a poorly absorbed antibiotic: pharmacology and clinical potential.
Chemotherapy. 2005; 51 Suppl 1:36—66. https://doi.org/10.1159/000081990 PMID: 15855748.

6. Robins GW, Wellington K. Rifaximin: a review of its use in the management of traveller’s diarrhoea.
Drugs. 2005; 65(12):1697—713. PMID: 16060706.

7. Scarpellini E, Gabrielli M, Lauritano CE, Lupascu A, Merra G, Cammarota G, et al. High dosage rifaxi-
min for the treatment of small intestinal bacterial overgrowth. Aliment Pharmacol Ther. 2007; 25
(7):781-6. https://doi.org/10.1111/j.1365-2036.2007.03259.x PMID: 17373916.

8. Kane JS, Ford AC. Rifaximin for the treatment of diarrhea-predominant irritable bowel syndrome. Expert
review of gastroenterology & hepatology. 2016; 10(4):431—42.
Rana F. Rifampicin—an overview. Int J Res Pharm Chem. 2013; 3(1):83-7.
10. Valentin T, Leitner E, Rohn A, Zollner-Schwetz |, Hoenigl M, Salzer HJ, et al. Rifaximin intake leads to

emergence of rifampin-resistant staphylococci. J Infect. 2011; 62(1):34—8. https://doi.org/10.1016/j.jinf.
2010.11.004 PMID: 21073894.

11. Lembo A, Pimentel M, Rao SS, Schoenfeld P, Cash B, Weinstock LB, et al. Repeat Treatment With
Rifaximin is Safe and Effective in Patients With Diarrhea-predominant Irritable Bowel Syndrome.
Gastroenterology. 2016. https://doi.org/10.10583/j.gastro0.2016.08.003 PMID: 27528177.

12. Rivkin A, Gim S. Rifaximin: new therapeutic indication and future directions. Clin Ther. 2011; 33
(7):812-27. https://doi.org/10.1016/j.clinthera.2011.06.007 PMID: 21741091.

PLOS ONE | https://doi.org/10.1371/journal.pone.0186120  October 5, 2017 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186120.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186120.s002
https://doi.org/10.1086/499950
http://www.ncbi.nlm.nih.gov/pubmed/16421799
http://www.ncbi.nlm.nih.gov/pubmed/9591937
http://www.ncbi.nlm.nih.gov/pubmed/7836025
https://doi.org/10.1159/000081990
http://www.ncbi.nlm.nih.gov/pubmed/15855748
http://www.ncbi.nlm.nih.gov/pubmed/16060706
https://doi.org/10.1111/j.1365-2036.2007.03259.x
http://www.ncbi.nlm.nih.gov/pubmed/17373916
https://doi.org/10.1016/j.jinf.2010.11.004
https://doi.org/10.1016/j.jinf.2010.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21073894
https://doi.org/10.1053/j.gastro.2016.08.003
http://www.ncbi.nlm.nih.gov/pubmed/27528177
https://doi.org/10.1016/j.clinthera.2011.06.007
http://www.ncbi.nlm.nih.gov/pubmed/21741091
https://doi.org/10.1371/journal.pone.0186120

Rifampin-resistant staphylococci in cirrhotic patients

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Mullen KD, Sanyal AJ, Bass NM, Poordad FF, Sheikh MY, Frederick RT, et al. Rifaximin is safe and
well tolerated for long-term maintenance of remission from overt hepatic encephalopathy. Clin Gastro-
enterol Hepatol. 2014; 12(8):1390-7.e2. https://doi.org/10.1016/j.cgh.2013.12.021 PMID: 24365449.

The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of
MICs and zone diameters. Version 7.1, 2017. http://www.eucast.org.

Otto M. Staphylococcus colonization of the skin and antimicrobial peptides. Expert review of dermatol-
ogy. 2010; 5(2):183-95. https://doi.org/10.1586/edm.10.6 PMID: 20473345

Mernelius S, Carlsson E, Henricson J, Léfgren S, Lindgren P-E, Ehricht R, et al. Staphylococcus aureus
colonization related to severity of hand eczema. European Journal of Clinical Microbiology & Infectious
Diseases. 2016; 35(8):1355-61. https://doi.org/10.1007/s10096-016-2672-2 PMID: 27193891

Calvori C, Frontali L, Leoni L, Tecce G. Effect of rifamycin on protein synthesis. Nature. 1965; 207
(995):417-8. PMID: 4957347.

Huang DB, DuPont HL. Rifaximin—a novel antimicrobial for enteric infections. J Infect. 2005; 50(2):97—
106. https://doi.org/10.1016/}.jinf.2004.05.019 PMID: 15667909.

Steffen R, Sack DA, Riopel L, Jiang Z-D, Sturchler M, Ericsson CD, et al. Therapy of travelers’ diarrhea
with rifaximin on various continents. Am J Gastroenterol. 2003; 98(5):1073-8. https://doi.org/10.1111/j.
1572-0241.2003.07283.x PMID: 12809830

Wichelhaus TA, Schéfer V, Brade V, Béddinghaus B. Molecular Characterization of rpoBMutations
Conferring Cross-Resistance to Rifamycins on Methicillin-Resistant Staphylococcus aureus. Antimicro-
bial agents and chemotherapy. 1999; 43(11):2813-6. PMID: 10543773

Williams DL, Spring L, Collins L, Miller LP, Heifets LB, Gangadharam PR, et al. Contribution of rpoB
mutations to development of rifamycin cross-resistance in Mycobacterium tuberculosis. Antimicrob
Agents Chemother. 1998; 42(7):1853-7. PMID: 9661035.

Yang B, Koga H, Ohno H, Ogawa K, Fukuda M, Hirakata Y, et al. Relationship between antimycobacter-
ial activities of rifampicin, rifabutin and KRM-1648 and rpoB mutations of Mycobacterium tuberculosis. J
Antimicrob Chemother. 1998; 42(5):621-8. PMID: 9848446.

O’Connor JR, Galang MA, Sambol SP, Hecht DW, Vedantam G, Gerding DN, et al. Rifampin and rifaxi-
min resistance in clinical isolates of Clostridium difficile. Antimicrob Agents Chemother. 2008; 52
(8):2813-7. https://doi.org/10.1128/AAC.00342-08 PMID: 18559647.

Kothary V, Scherl EJ, Bosworth B, Jiang ZD, Dupont HL, Harel J, et al. Rifaximin resistance in Escheri-
chia coli associated with inflammatory bowel disease correlates with prior rifaximin use, mutations in
rpoB, and activity of Phe-Arg-beta-naphthylamide-inhibitable efflux pumps. Antimicrob Agents Che-
mother. 2013; 57(2):811-7. https://doi.org/10.1128/AAC.02163-12 PMID: 23183443.

Soro O, Pesce A, Raggi M, Debbia EA, Schito GC. Selection of rifampicin-resistant Mycobacterium
tuberculosis does not occur in the presence of low concentrations of rifaximin. Clin Microbiol Infect.
1997; 3(1):147-51. PMID: 11864097.

Lucchesi M, Marchi E, Venturini AP. Antimycobacterial activity of rifaximin (L/105) in experimental
tuberculosis in the guinea pig. Chemioterapia. 1984; 3(6):371-2. Epub 1984/12/01. PMID: 6442216.

Kim MS, Morales W, Hani AA, Kim S, Kim G, Weitsman S, et al. The effect of rifaximin on gut flora and
Staphylococcus resistance. Dig Dis Sci. 2013; 58(6):1676—82. https://doi.org/10.1007/s10620-013-
2675-0 PMID: 23589147.

Marchese A, Salerno A, Pesce A, Debbia EA, Schito GC. In vitro activity of rifaximin, metronidazole and
vancomycin against Clostridium difficile and the rate of selection of spontaneously resistant mutants
against representative anaerobic and aerobic bacteria, including ammonia-producing species. Chemo-
therapy. 2000; 46(4):253—-66. Epub 2000/06/22. PMID: 108594 31.

Curry SR, Marsh JW, Shutt KA, Muto CA, O’Leary MM, Saul MI, et al. High frequency of rifampin resis-
tance identified in an epidemic Clostridium difficile clone from a large teaching hospital. Clin Infect Dis.
2009; 48(4):425-9. https://doi.org/10.1086/596315 PMID: 19140738.

Valentin T, Hoenigl M, Wagner J, Krause R, Zollner-Schwetz |. Bacteraemia with rifampin-resistant
Staphylococcus aureus and the potential role of cross-resistance between rifampin and rifaximin. Jour-
nal of Infection. 2014; 69(3):295-7. http://dx.doi.org/10.1016/}.jinf.2014.04.003. PMID: 24780764

Mihailescu R, Furustrand Tafin U, Corvec S, Oliva A, Betrisey B, Borens O, et al. High Activity of Fosfo-
mycin and Rifampin against Methicillin-Resistant Staphylococcus aureus Biofilm In Vitro and in an
Experimental Foreign-Body Infection Model. Antimicrobial Agents and Chemotherapy. 2014; 58
(5):2547-53. https://doi.org/10.1128/AAC.02420-12 PMID: 24550327

Kim ES, Kim HB, Kim G, Kim KH, Park KH, Lee S, et al. Clinical and epidemiological factors associated
with methicillin resistance in community-onset invasive Staphylococcus aureus infections: prospective
multicenter cross-sectional study in Korea. PLoS One. 2014; 9(12):e114127. https://doi.org/10.1371/
journal.pone.0114127 PMID: 25485895.

PLOS ONE | https://doi.org/10.1371/journal.pone.0186120  October 5, 2017 12/13


https://doi.org/10.1016/j.cgh.2013.12.021
http://www.ncbi.nlm.nih.gov/pubmed/24365449
http://www.eucast.org
https://doi.org/10.1586/edm.10.6
http://www.ncbi.nlm.nih.gov/pubmed/20473345
https://doi.org/10.1007/s10096-016-2672-2
http://www.ncbi.nlm.nih.gov/pubmed/27193891
http://www.ncbi.nlm.nih.gov/pubmed/4957347
https://doi.org/10.1016/j.jinf.2004.05.019
http://www.ncbi.nlm.nih.gov/pubmed/15667909
https://doi.org/10.1111/j.1572-0241.2003.07283.x
https://doi.org/10.1111/j.1572-0241.2003.07283.x
http://www.ncbi.nlm.nih.gov/pubmed/12809830
http://www.ncbi.nlm.nih.gov/pubmed/10543773
http://www.ncbi.nlm.nih.gov/pubmed/9661035
http://www.ncbi.nlm.nih.gov/pubmed/9848446
https://doi.org/10.1128/AAC.00342-08
http://www.ncbi.nlm.nih.gov/pubmed/18559647
https://doi.org/10.1128/AAC.02163-12
http://www.ncbi.nlm.nih.gov/pubmed/23183443
http://www.ncbi.nlm.nih.gov/pubmed/11864097
http://www.ncbi.nlm.nih.gov/pubmed/6442216
https://doi.org/10.1007/s10620-013-2675-0
https://doi.org/10.1007/s10620-013-2675-0
http://www.ncbi.nlm.nih.gov/pubmed/23589147
http://www.ncbi.nlm.nih.gov/pubmed/10859431
https://doi.org/10.1086/596315
http://www.ncbi.nlm.nih.gov/pubmed/19140738
http://dx.doi.org/10.1016/j.jinf.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24780764
https://doi.org/10.1128/AAC.02420-12
http://www.ncbi.nlm.nih.gov/pubmed/24550327
https://doi.org/10.1371/journal.pone.0114127
https://doi.org/10.1371/journal.pone.0114127
http://www.ncbi.nlm.nih.gov/pubmed/25485895
https://doi.org/10.1371/journal.pone.0186120

Rifampin-resistant staphylococci in cirrhotic patients

33.

34.

35.

36.

Villar M, Marimon JM, Garcia-Arenzana JM, de la Campa AG, Ferrandiz MJ, Perez-Trallero E. Epidemi-
ological and molecular aspects of rifampicin-resistant Staphylococcus aureus isolated from wounds,
blood and respiratory samples. J Antimicrob Chemother. 2011; 66(5):997—1000. https://doi.org/10.
10983/jac/dkr059 PMID: 21393177.

Zhou W, Shan W, Ma X, Chang W, Zhou X, Lu H, et al. Molecular characterization of rifampicin-resistant
Staphylococcus aureus isolates in a Chinese teaching hospital from Anhui, China. BMC Microbiol.
2012; 12:240. https://doi.org/10.1186/1471-2180-12-240 PMID: 23082766.

Farrell DJ. Rifaximin in the treatment of irritable bowel syndrome: is there a high risk for development of
antimicrobial resistance? J Clin Gastroenterol. 2013; 47(3):205—11. https://doi.org/10.1097/MCG.
0b013e31827559a3 PMID: 23340064.

Blumberg HM, Rimland D, Carroll DJ, Terry P, Wachsmuth IK. Rapid development of ciprofloxacin
resistance in methicillin-susceptible and -resistant Staphylococcus aureus. J Infect Dis. 1991; 163
(6):1279-85. PMID: 2037793.

PLOS ONE | https://doi.org/10.1371/journal.pone.0186120  October 5, 2017 13/13


https://doi.org/10.1093/jac/dkr059
https://doi.org/10.1093/jac/dkr059
http://www.ncbi.nlm.nih.gov/pubmed/21393177
https://doi.org/10.1186/1471-2180-12-240
http://www.ncbi.nlm.nih.gov/pubmed/23082766
https://doi.org/10.1097/MCG.0b013e31827559a3
https://doi.org/10.1097/MCG.0b013e31827559a3
http://www.ncbi.nlm.nih.gov/pubmed/23340064
http://www.ncbi.nlm.nih.gov/pubmed/2037793
https://doi.org/10.1371/journal.pone.0186120

