


Materials and methods

Patients were prospectively enrolled in Children’s Hospital 1, Ho Chi Minh City, Vietnam and

diagnoses, prescribed therapy and outcome were recorded on first visit and on follow-up

after 7 days. Respiratory bacterial and viral pathogens were detected using molecular

assays. Antibiotic use before presentation was assessed using questionnaires and urine

HPLC. The impact of antibiotic usage on intestinal Enterobacteriaceae was assessed with

semi-quantitative culture on agar with and without antibiotics on presentation and after 7

and 28 days.

Results

A total of 563 patients were enrolled between February 2009 and February 2010. Antibiotics

were prescribed for all except 2 of 563 patients. The majority were 2nd and 3rd generation

oral cephalosporins and amoxicillin with or without clavulanic acid. Respiratory viruses were

detected in respiratory specimens of 72.5% of patients. Antibiotic use was considered inap-

propriate in 90.1% and 67.5%, based on guidelines and detected pathogens, respectively.

On presentation parents reported antibiotic use for 22% of patients, 41% of parents did not

know and 37% denied antibiotic use. Among these three groups, six commonly used antibi-

otics were detected with HPLC in patients’ urine in 49%, 40% and 14%, respectively. Tem-

porary selection of 3rd generation cephalosporin resistant intestinal Enterobacteriaceae

during antibiotic use was observed, with co-selection of resistance to aminoglycosides and

fluoroquinolones.

Conclusions

We report overuse and overprescription of antibiotics for uncomplicated ARI with selection

of resistant intestinal Enterobacteriaceae, posing a risk for community transmission and per-

sistence in a setting of a highly granular healthcare system and unrestricted access to antibi-

otics through private pharmacies.

Registration

This study was registered at the International Standard Randomised Controlled Trials Num-

ber registry under number ISRCTN32862422: http://www.isrctn.com/ISRCTN32862422

Introduction

Antimicrobial resistanceisamajor threatto globalhealth,sustainabledevelopmentandthe
globaleconomy[1±3].Globally,thenumberof deathsrelatedto antimicrobialresistanceis
predictedto increasefrom 700,000currentlyto 10million by2050without intervention[1]. In
theUSandtheEU,23,000and25,000deathssecondaryto drug-resistantinfectionsareesti-
matedto occurannually,respectively[4, 5]. Thesenumbersare3±5timeshigher(relativeto
populationsize)in Thailand,amiddle-incomecountrywhereantibioticuseis relativelywell
controlled[6]. Figuresarelikely to behigherin settingswith unrestrictedaccess,ahighlygran-
ular healthcaresystemandlackof antibioticstewardshipprogrammeslike Vietnam,where
antibioticusageandresistanceratesareamongthehighestin Asia[7, 8].
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Antibioticsarecommonlyusedor prescribedfor mild acuterespiratoryinfections(ARI) in
bothchildrenandadultsin primary care.In theUK, for instance,aquarterof thepopulation
visit their generalpractitionerfor ARI annually,accountingfor 60%of totalGPantibioticpre-
scribing[9, 10].In Vietnam,the14th mostpopulouscountrygloballyandwith apopulationof
90million andahigh infectiousdiseasesburden,antibioticsarereadilyavailableover-the-
counterwithout prescription,including in communityhealthpostsandfrom privatepharma-
cies[11]. Previouswork hasshownthat78%of antibioticsfor humanuseweredispensedin
the60,000privatepharmacies,of whicharound90%without prescription,andthat themost
commonindicationwasfor ARI (80%)[12]. In across-sectionalstudyin northernVietnam
75%of childrenunder5 hadreceivedantibioticsfor anARI in theprecedingmonth, thelarge
majority dispensedwithout prescriptionin privatepharmacies[13]. However,aetiological
studiesshowthatARIsaremostlycausedbyvirusesandclinical trialshaveshownno efficacy
of antibioticsin treatingconditionslike acutebronchitis,bronchiolitisand(naso)pharyngitis
[14±17].

To inform policyandpotentialinterventions,weaimedto quantifyreallife antibioticpre-
scriptionratescomparedwith whatwasrecommendedfrom clinicalguidelinesandin relation
to detectedpathogensin patientspresentingwith ARI atanoutpatientclinic atalargetertiary
carepaediatrichospital(Children'sHospital1) in Ho Chi Minh City, Vietnam.Wealso
assessedantibioticuseon presentationusingquestionnairesandHPLCdetectionof 6 fre-
quentlyprescribedantibioticsin urine (S1Table),andtheimmediateimpactof antibiotic
usageon selectionof resistantintestinalEnterobacteriaceae usingsemi-quantitativeculture.

Materials and methods

Patients and samples

Patientswereenrolledat therespiratoryinfectionexaminationroomsat theoutpatientclinic
of Children'shospital1 (CH1) in Ho Chi Minh City, Vietnam.CH1 isalargetertiaryreferral
centrewith anoutpatientclinic with 54examinationroomswhere1,600,000patientsareseen
annually.At the2 respiratoryinfectionexaminationrooms,45,000patientsareseenannually.
Patientsarereferredto therespiratoryinfectionexaminationroomswhentheyregisterat the
outpatientdepartmentbynursingstaffwhenpresentingwith respiratorysymptomsasthe
chiefcomplaint.Patientswereeligiblefor enrolmentif theywereunder16yearsof age,hada
clinicaldiagnosisof ARI (definedashavinganacuteonset,within thelast5 days,of at least
oneof thefollowingsymptomsasthechiefcomplaint:cough,sorethroat,runny noseor nasal
congestion),hadno underlyingillness(exceptasthma),werenot admittedto hospital,and
agreedto return for afollow up visit after1week.After interim analysisof thefirst 100patients
astrongincrementin theproportionsof resistantcountedcolonieswasshown.A study
amendmentwasmadeandapprovedandtheremainingpatientsto beenrolledwereaskedto
return after4weeksfor anadditionalrectalswabto assessthedurationof thiseffect.Patients
with aclinicaldiagnosisof sinusitisor acuteotitis mediawerenot enrolled.Written informed
consentwasobtainedfrom parentsor legalguardians.Eligiblepatientswererecruitedbya
studydoctorduring aone-hourperiodon Mondays,Tuesdays,WednesdaysandThursdays,
with weeklyenrolmentrestrictedto amaximumof 10to 12patients.Apart from follow-upvis-
its for studypurposes,it wascommonfor patientsto return anumberof timesin thefirst
weekafterfirst presentationaspartof standardoutpatientcare.

Demographic,clinicalandantibioticprescriptionandusagedatawerecollectedin case
report forms(CRF).Attendingphysiciansassessedandrecordedclinicaldiagnosisandout-
come.At enrolmentcombinednoseandthroatswabs(NTS)in Viral TransportMedium,a
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rectalswabin normalsalineandaurine samplewerecollected.At follow-upvisitsafter1week
and,in asubsetof patients,after4weeksanadditionalrectalswabwascollected.

Basedon systematicreviews,localhospitalguidelinesandinternationalguidelinesantibiot-
icswereconsideredinappropriatebasedon clinicaldiagnosisif prescribedfor aclinicaldiag-
nosisof uncomplicatedARI otherthanpneumoniaor streptococcalpharyngitis/tonsillitis,and
basedon clinicaldiagnosisandmoleculardiagnosticresultsif in addition to theclinicaldiag-
nosisaviruswasdetected(andno bacteria)[14±16,18±20].

Ethics approval

Protocolsandamendmentswerereviewedandapprovedby theInstitutional ReviewBoardsof
Children'sHospital1 andtheHealthServiceof Ho Chi Minh City, andby theUniversityof
Oxford TropicalResearchEthicsCommittee(OxTREC).

Molecular diagnostics

Thefollowingbacterialandviral pathogensweredetectedusinginhousemoleculardiagnos-
tics:Streptococcus pneumoniae,Haemophilus influenzae typeb,Mycoplasma pneumoniae,
Legionella pneumophila,Chlamydophila pneumoniae andpsittaci,Bordetella pertussis and
parapertussis, InfluenzavirusA-B,Parainfluenzavirus1±4,RespiratorySyncytialVirus A-B,
humanmetapneumovirusA-B, rhinoviruses,enteroviruses,parechoviruses,coronaviruses,
bocavirusesandadenoviruses.All assayswerepublishedpreviously,excepttheL. pneumophila
assay[21±28].ForL. pneumophila aninhousevalidatedassay,developedandusedin the
AmsterdamUniversityMedicalCentres,wasused.Nucleicacidswereextractedusinganauto-
matedcommercialGuanidiniumThiocyanate(GuSCN)basedmethodon theEasyMag(Easy
MAG 2.0,bioMeÂrieux,Marcyl'EÂtoile,France)or MagnaPure96(Roche,Mannheim,Ger-
many)platform.Viral RNA wasreverselytranscribedusingSuperscriptIII reversetranscrip-
tase(Invitrogen,Carlsbad,California,USA)andrandomhexamers(Roche).Real-timePCR
wasperformedon aLC480II Thermocycler(Roche).PrimersweremanufacturedbySigma
Proligo(Singapore).ProbescontainingMinor GrooveBinders(MGB) weremanufacturedby
AppliedBiosystemsInc. (FosterCity, CA,USA),probescontainingLCRED610,670or
CYAN500fluorophoresor with incorporatedLockedNucleicAcid (LNA) residueswereman-
ufacturedbyTib Molbiol (Berlin,Germany),andprobescontainingonly HEX or FAM by
SigmaProligo.EquineArteritis Virus andPhocidHerpesVirus wereusedasnon-competitive
internalcontrolsin PCRswith RNA andDNA targets,respectively[29,30].Testingwasnot
partof standardof care,wasconductedbatch-wisein aresearchlaboratoryandresultswere
not reportedto thetreatingphysicians.

Measurement of antibiotic levels in urine

Antibiotic levelsin urine weredeterminedusingvalidatedin-houseprotocols,asdescribed
earlier[31]. Themostfrequentlyusedantibioticsin thehospitalandsoldin thepharmacyof
Children'sHospital1 arelistedin S1Table.Briefly,urine concentrationsof sixfrequentlyused
antibiotics(cephadroxil,cephalexin,cefaclor,cefixime,amoxicillin andcefuroxime)were
assessedusingin-housevalidatedHigh-PerformanceLiquid Chromatography(HPLC)proto-
cols.Briefly,HPLCwasdoneon aLachromElite±HitachiHPLCcontrolledbyEZChrom
v3.18software(Merck±HitachiJapan).SolidphaseextractionwasdoneusingIsolute96fixed
wellplates(BiotagaAB,Uppsala,Sweden).Separationwasdonethrougha5μmLichroCart
240x4.6mmPurosphereRP-18/5μm4x4RP-18efor cephadroxil,cefaclor,cephalexinand
cefixime(limit of detection:0.08mg/L;lowerlimit of quantification[LLOQ]: 0.3mg/L)and
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througha5μm125x4mmRP-8/5μm4x4RP-8efor amoxicillin andcefuroxime(LOD: 0.1mg/
L and0.05mg/L,respectively;LLOQ:0.2mg/L)[18].

Semi-quantitative culture of Enterobacteriaceae
Rectalswabswerekeptat4ÊCandprocessedwithin 24hoursof collection.Swabsweresus-
pendedin salineandseriallydiluted.Dilutions wereculturedon MacConkeyagarandthe
dilution yieldingbetween20±200colonieswasmadeagainthenextdayfrom theoriginalspec-
imenfor cultureon MacConkeyplatescontainingtetracycline(4 mg/L),amoxicillin (8 mg/L),
amoxicillin-clavulanicacid(8±4mg/L), ceftazidime(2 mg/L),ciprofloxacin(1 mg/L), trimeth-
oprim/sulfamethoxazole(2/38mg/L),gentamicin(4 mg/L),meropenem(4 mg/L) andacon-
trol platewithout antibiotics.Theconcentrationsusedwereselectedbasedon theCLSIcriteria
for intermediatesusceptibilityof theseantibioticsfor Enterobacteriaceae. Pan-susceptibleand
resistantATCCisolateswereusedasinternalqualitycontrolsfor eachbatchof plates.Lactose
fermentingEnterobacteriaceae wereidentifiedaslargecircularsmoothpink coloniesbyexpe-
riencedclinicalmicrobiologylaboratorytechniciansandwerecounted.Foreachantibiotic the
proportion of resistantEnterobacteriaceae wasdeterminedastheratio of bacterialcountson
plateswith andwithout differentantibiotics.Only pink (lactosefermenting)colonieswere
countedandthroughoutthismanuscriptwhenwereferto Enterobacteriaceae counts,lactose
fermentingEnterobacteriaceae aremeant.Bacterialcounts(+1) werelogarithmicallytrans-
formedfor displayin graphsandregressionwasusedto calculatethepositionof linesrepre-
sentingthemeanfor eachcollectiontimepoint.Thissemi-quantitativemethodwasdesigned
to beasimpleandelegantwayto showrelativeselection/ enrichmentof resistanteasilycultur-
ablerelevanthumanpathogensduring appropriateor inappropriateuseof antibioticsfor an
infectionin adifferentbodycompartment.

Statistical analysis

All variablesof interestweresummarisedbygroup(age,clinicaldiagnosis,singleinfectionor
co-infection).Fordescriptivestatistics,prevalenceandpercentagewereusedfor categorical
variableswhilemeanandstandarddeviationor medianandinterquartilerange(IQR) were
usedfor normallyor non-normallydistributedcontinuousdata,respectively.Comparisonsof
epidemiologicalandclinicalcharacteristicsamongagegroupsor infectiongroups(no patho-
gen,oneviral infection,onebacterialinfectionandco-infection)wereanalysedusingFisher's
exacttestfor categoricaldataandtheKruskal-Wallistestfor continuousdata.Differencesof
proportionsof resistantEnterobacteriaceae coloniesbetweendays1 and8,anddays8 and
week4 wereassessedusingtheWilcoxonmatchedpairssigned-ranktest.In orderto assess
concordanceof antibioticuseasdeterminedbyparentinterviewsandurine tests,aKappa
measureof agreementwasused.All statisticaltestswereperformedastwo-tailedtestsat5%
significancelevels.SPSSversion20wasusedfor all analyses.

Results

Demographic and clinical data

BetweenFebruary2009andFebruary2010563patientswereenrolled,545returnedfor afol-
low-upvisit atday8,13werefollowed-upby telephoneand5 werelostto follow-up.Fig1
showsaflowchartof enrolmentandfollow-up.Demographics,clinicaldiagnosesandoutcome
aredisplayedin Table1.Patientshadamedianageof 1.96years(IQR 1.05±3.18)and95.2%of
patientswereaged5 yearsor below.Themale:femaleratio was1.28:1.Completeor partial
recoveryatday8 accordingto theattendingphysicianwasreportedfor 138/563(24.5%)and
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361/563(64.1%)patients,respectively.In contrast,59/563(10.5%)patientsdid not recover:
6.4%remainedclinicallyunchanged,2.8%worsenedand1.2%wereadmittedto hospital.By
proportion of fully recoveredpatientsatday8,upperrespiratoryinfectionshadabetterout-
comethanlowerrespiratorytract infections(34%[53/155]vs.21%[81/391])and,similarly,
bronchitishadaworseoutcomethanotherclinicaldiagnoses(20%[53/262]).

Prescription of antibiotics and other medications

Antibioticswereprescribedfor all but two patients(561/563,99.6%),with amedianduration
of 6days(IQR:4±7).Themostcommonlyprescribedantibioticsatpresentationwereamoxi-
cillin-clavulanicacid(45.6%),cefuroximeaxetil(22.0%),cefixime(11.4%),cefaclor(8.2%),
erythromycin(3.7%),amoxicillin (3.0%),andcefpodoxime(2.3%).Firstchoiceantibioticsfor
ambulatorypneumoniatreatmentasrecommendedby the2009hospitalguidelines,i.e.amoxi-
cillin or co-trimoxazole,wereinfrequentlyprescribed(3.0and0.4%,respectively).

In addition to antibiotics,coughsyrup(394/563,70.0%),bronchodilators(324/563,57.6%),
antipyretics(150/563,26.6%),antihistamines(66/563,11.7%),mucolytics(62/563,11.0%)and
steroids(58/563,10.3%)werealsoprescribed.

Pathogen detection rates and associations

Detectionof viral andbacterialpathogensusingmolecularassaysisshownin Table2.S. pneu-
moniae andH. influenzae typeb weredetectedin 553/563(98.4%)and69/563(12.3%)NTS
samplesfrom patients(Table2).Resultsfor thesetwo bacteriawerenot includedin further
analyses(seediscussion).

Fig 1. Enrolment flowchart. Flowchartof enrolmentandfollow-upof 563patientswith acuterespiratoryinfection enrolledat the
outpatientdepartmentof Children'sHospital1,Ho Chi Minh City,Vietnam.

https://doi.org/10.1371/journal.pone.0241760.g001
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Virusesweredetectedin 410/563(72.8%)NTSsamples,294/410(71.7%)weresingleinfections
and116/410(28.3%)wereco-infectionswith eithervirusesor bacteria.AtypicalbacteriaandBorde-
tella spp. weredetectedin 43/563(7.6%)samples,in mostof which(27/43,63%)viruseswerealso
detected.Mostcommonlydetectedviruseswererhinoviruses(27%,152/563)andenteroviruses
(10.5%,95/563).M.pneumoniaewasthemostfrequentlydetectedatypicalbacterium(4.4%,25/563).

Amongpatientsolderthanfive,apathogenwasdetectedin only 40%(11/27),asopposedto
80±90%in the<1,1 and2±5agegroups.

Detectionsbymonth of viral andatypicalbacterialpathogensareshownin S1Fig.Detection
ratesof pathogensvariedfrom month to month during theyearandclearseasonalpatterns
wereobservedfor severalviruses.InfluenzavirusA, RespiratorySyncytialVirus (RSV)and
humanmetapneumovirus(hMPV) weremostlyseenduring andaroundtherainy season(June
to November)with hMPV peakingafterRSV,Parainfluenzavirus3 (PIV3) wasmostlydetected
from Novemberto June.EnterovirusesandRhinovirusesweredetectedthroughouttheyear,
with highestdetectionratesfor Enterovirusesin Novemberandfor Rhinovirusesin March.

Significantassociationsbetweenspecificpathogensandclinicaldiagnosisor outcomewere
not observed,but co-infectionsandinfectionswith multiple viruseswereassociatedwith a
worseoutcome.

Table 1. Patient baseline, diagnosis and outcome data.

Characteristicsa ARI patients (n = 563)

Medianagein years(IQR) 1.96(1.05±3.18)

� 1 year,n (%) 137(24.3)

1-� 2 years,n (%) 148(26.3)

2-� 5 years,n (%) 251(44.6)

>5 years,n (%) 27(4.8)

Male,n (%) 316(56.1)

Clinicaldiagnosisb

asthma 17(3.0)

bronchitis 262(46.5)

bronchiolitis 122(21.7)

pneumonia 7 (1.2)

nasopharyngitis 105(18.7)

pharyngitis 42(7.5)

tonsillitis 7 (1.2)

laryngotracheobronchitis 1 (0.2)

Outcomec

Completerecovery 138(24.5)

Partialrecovery 361(64.1)

Unchanged 36(6.4)

Worsened 16(2.8)

Admitted 7 (1.2)

Unknown 5 (0.9)

a Baselinecharacteristicsof 563patientswith acuterespiratoryinfectionenrolledat theoutpatientdepartmentof

Children'sHospital1,Ho Chi Minh City, Vietnam
b Clinicaldiagnosisof 563patientswith acuterespiratoryinfectionenrolledat theoutpatientdepartmentof

Children'sHospital1,Ho Chi Minh City, Vietnam
c Outcomerecordedatday8 of 563patientswith acuterespiratoryinfectionenrolledat theoutpatientdepartmentof

Children'sHospital1,Ho Chi Minh City, Vietnam.

https://doi.org/10.1371/journal.pone.0241760.t001
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Amongthedetectedviruses,severalareknown to alsobefrequentlydetectedamong
asymptomaticchildren,whereasinfluenzavirusA andB,RSV,hMPV andPIV3havestronger
associationswith diseaseandoutbreaksof respiratoryinfections.These4weredetectedin
186/563(33.0%)patients(influenzaA 39,B5,RSV54,hMPV 41,PIV346,RSV+ hMPV 1).

Appropriateness of antibiotics according to guidelines and pathogens

Weretrospectivelyclassifiedantibioticuseasinappropriatebasedon clinicaldiagnosisand
(RT-)PCRresults.Weusedtwo definitionsfor inappropriateantibioticuse:1) basedon clini-
caldiagnosis,i.e.antibioticusein patientswhowerenot diagnosedwith pneumoniaor phar-
yngitis/tonsillitisand2) basedon acombinationof clinicalandlaboratorydiagnosisin
patientswhoserespiratorysampleswerepositivefor at leastoneof 14virusesandnegativefor
6bacterialpathogenstestedbyPCR(excludingS. pneumoniae andH. influenzae).

Table 2. Pathogens detected in respiratory samples.

ARI patients

(n = 563)

Viruses

InfluenzavirusA, n(%) 39(6.9)

InfluenzavirusB,n(%) 5 (0.9)

EnterovirusA-D, n(%) 59(10.5)

Adenovirus,n(%) 52(9.2)

RhinovirusA-C, n(%) 152(27.0)

RSVA/B, n(%) 54(9.6)

Humanmetapneumovirus,n(%) 41(7.3)

Parainfluenzavirus1,n(%) 10(1.8)

Parainfluenzavirus2,n(%) 11(2.0)

Parainfluenzavirus3,n(%) 46(8.2)

Parainfluenzavirus4,n(%) 19(3.4)

Coronaviruses,n(%) 21(3.7)

Humanparechovirus,n(%) 4 (0.7)

Humanbocavirus,n(%) 19(3.4)

Bacteria

Haemophilus influenzae, n(%) 69(12.3)

Streptococcus pneumoniae, n(%) 553(98.4)

Bordetella pertussis, n(%) 4 (0.7)

Bordetella parapertussis, n(%) 11(2.0)

Legionella pneumophila, n(%) 0 (0)

Mycoplasma pneumoniae, n(%) 25(4.4)

Chlamydophila pneumoniae, n(%) 3 (0.5)

Chlamydophila psitacci, n(%) 0 (0)

Any pathogenpositive,n(%) 426(75.6)

Singleviral infection,n(%) 294(52.2)

Singlebacterial infection,n(%) 16(2.8)

Co infection,n(%) 116(20.6)

No pathogen,n(%) 137(24.3)

Viral andbacterialpathogensdetectedby real-timemultiplex or single(RT-)PCR in poolednasalandpharyngeal

swabstakenatenrolmentamong563patientswith acuterespiratoryinfectionenrolledat theoutpatientdepartment

of Children'sHospital 1,Ho Chi Minh City, Vietnam.

https://doi.org/10.1371/journal.pone.0241760.t002
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Only 7 (1.2%)patientshadaclinicaldiagnosisof pneumoniaand49(8.7%)patientshada
diagnosisof pharyngitisor tonsillitis (Table1).Theremainingninetypercent(90.1%,507/563)
of patientsreceivedantibioticsinappropriatelyaccordingto definition 1.Firstchoiceantibiot-
icsfor ambulatorypneumoniatreatmentasrecommendedby the2009hospitalguidelines,i.e.
amoxicillin or co-trimoxazole,wererarelyprescribed(3.0and0.4%,respectively).Among
these507patients,380hadavirusandno atypicalbacteriadetected,andtherefore,according
to definition 2,67.5%(380/563)of patientsreceivedantibioticsinappropriately.

Antibiotic use on presentation by questionnaire and by detection in urine

by HPLC

Resultsfrom parentinterviewson antibioticuseandHPLCdetectionin urine collectedatpre-
sentationareshownin Tables3 and4.From553/563(98.2%)patientsaurine samplewascol-
lectedatpresentation.Antibiotic useduring thetwo daysprior to enrolmentwasreportedby
123/553(22.2%)of parents,206/553(37%)reportedno antibioticuseand224/553(40.5%)did

Table 3. Antibiotic use assessed by questionnaire and HPLC.

HPLC (%) Questionnaire (%) of which HPLC positive

(total number = 553) (total number = 553)

Any antibiotic (patients) 178 32.2 123 22.2 60

1 antibiotic 160 28.9 119 21.5

2 antibiotics 14 2.5 4 0.7

3 antibiotics 4 0.7

Total (antibiotics) 200 127

Perantibioitc

Amoxicillin (with or without clavulanicacid) 52 9.4 48 8.7 22

Cefaclor 28 5.1 37 6.7 12

Cefadroxil 34 6.1 3 0.5 3

Cefixime 54 9.8 14 2.5 8

Cefuroxime 10 1.8 16 2.9 4

Cephalexin 22 4.0 1 0.2 1

Other 8 0.2

Total (antibiotics) 200 127 60

Negative(belowthelevelof detection) 375 67.8

Denieduse 206 37.3 29

Unknown 224 40.5 89

Antibiotic useamong553patientswith acuterespiratoryinfectionprior to enrolmentat theoutpatientdepartmentof Children'sHospital1,Ho Chi Minh City,

Vietnamasassessed byquestionnaire on enrolmentandby HPLCof urine collectedon enrolment.

https://doi.org/10.1371/journal.pone.0241760.t003

Table 4. Kappa score.

Kappa 0.37 questionnaire

+ -

HPLC + 60 29 89

- 63 177 240

123 206 329

Kappascoreof antibioticuseasassessedby questionnaire on enrolmentandbyHPLCof urine collectedon

enrolment.

https://doi.org/10.1371/journal.pone.0241760.t004
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not know.Amongpatientsfrom whomaurine samplewascollected,32%(178/553)hadapos-
itive resultfor oneof 6 frequentlyprescribedantibioticsdetectedbyHPLCin urine;2 different
antibioticsweredetectedin 14patientsand3 in 4 patients(Table3).Cefixime,athird-genera-
tion oralcephalosporin,wasthemostfrequentlydetectedantibiotic.

Amongthosewhoconfirmedor deniedantibiotic use,therewasagreementwith HPLC
resultsin 237/329(72%;kappascore0.37[0.21±0.40:fair agreement],Table4).Antibiotics
weredetectedin urine of 29/206(14%)patientswhoseparentsdenieduse,andin 60/123
(49%)patientsfor whomusewasreported,with themeasuredantibiotic correspondingto
thereportedantibiotic in 50/60(83%)of cases.Useof the6 testedantibioticswasreported
in 56of theremaining63(89%)casesthat testednegative.In patientsfor whomprior use
wasunknown,antibioticsweredetectedin 89/224(40%).Thesensitivityof HPLCto detect
6 antibioticsin urine from patientswhoseparentsreporteduseof thesesame6 antibiotics,
was49%.

Effect of antibiotics on intestinal Enterobacteriaceae
Wedeterminedtheproportion of patientscarryingresistantEnterobacteriaceae andthefrac-
tion of antibiotic resistantintestinalEnterobacteriaceae bysemi-quantitativecultureof rectal
swabstakenon day1 (n = 563)and8 (n = 542)on 9MacConkeyagarplateseach:with anddif-
ferentantibiotics(tetracycline,amoxicillin,amoxicillin-clavulanicacid,ceftazidime,ciproflox-
acin,trimethoprim/sulfamethoxazole,gentamicin,meropenem).Thirty-five of 40consecutive
invitedpatientscamebackto hospitalafter4 weeksfor re-assessmentof intestinalEnterobac-
teriaceae, afterinterim analysisof thefirst 100patientshadshownstrongincrementsof the
proportion of patientscarryingresistantbacteriaandtheproportionsof resistantbacteriain
their samples(Fig2).Proportionsof patientsandproportionsof countedresistantcoloniesare
shownin Table5.McNemartestandWilcoxonmatchedpairssigned-ranktestswereusedto
assessstatisticalsignificanceof differentproportionsof patientsandresistantcolonies,respec-
tively.Logtransformedcolonycountsat3differenttimepointson plateswith andwithout 4
differentantibiotics(amoxicillin,ceftazidime,gentamicin,andciprofloxacin)areshownin Fig
2.Regressionwasusedto calculatethepositionof linesrepresentingthemean.

Theproportion of patientsfrom whomantibiotic resistantEnterobacteriaceae werecultured
on 8platescontainingdifferentantibioticsandtheproportion of countedresistantEnterobac-
teriaceae colonies(definedastheratiosof thenumberof colonieson 8differentplatescontain-
ing 8differentantibioticsdividedby thenumberof countedcolonieson 1 platewithout
antibiotics)among563,542and35patientswith acuterespiratoryinfectionenrolledat the
outpatientdepartmentof Children'sHospital1,Ho Chi Minh City, Vietnamatday1,dayand
day28of enrolment.McNemartestandWilcoxonmatchedpairssigned-ranktestswereused
to assessstatisticalsignificanceof differentproportionsof patientsandresistantcolonies,
respectively.

Formostantibiotics,theproportionsof patientscarryingresistantbacteriawerealready
highatday1.Theseproportionsfurther increasedsignificantlyatday8 for amoxicillin,amoxi-
cillin with clavulanicacid,ceftazidime,ciprofloxacinandgentamicin,andrestoredto baseline
proportionsor belowafter4weeks.Similarly,theproportionsof resistantintestinalEnterobac-
teriaceae coloniesincreasedfor these5antibioticsandreturnedto day1 levelsafter4 weeks
(Table5andFig2).Forceftazidimeandco-trimoxazoletheproportionsof resistantEnterobac-
teriaceae coloniesweresignificantlylowerafter4weekscomparedto day1,whichmaybe
explainedbyantibioticusebeforepresentation.Indeed,whenexcludingpatientswhowere
alreadyusingantibioticson day1 (assessedbyquestionnaireor HPLC),proportionsof resis-
tantEnterobacteriaceae coloniesafter4 weeksweresimilar to thoseatday1.
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Discussion

Accordingto systematicreviewsandcurrent internationalandlocalguidelines,including
thosein placeat therecruitinghospital,only clinicaldiagnosesof pneumoniaandstreptococ-
calpharyngitis/tonsillitisareindicationsfor prescriptionof antibioticsin outpatientswith ARI
[14±16,18±20].Antibioticshavenot beenproveneffectiveandthereforearenot recom-
mendedfor otherdiagnosesunlesstherearebacterialsuper-infections,but thesehavebeen
reportedto occurin only around5±8%of childrenwith ARI [32,33].In our study,pneumonia
andpharyngitis/tonsillitiswerediagnosedin only 1.2%(n = 7) and8.7%(n = 49)of patients
presentingwith ARI, but antibioticswereprescribedin all but two patientsenrolled.This
meansthatmorethan90%of patientsinappropriatelyreceivedantibioticsfor clinicaldiagno-
ses,whichdo not requireantibiotic treatmentaccordingto treatmentguidelines.Usingmore
stringentcriteria,basedon detectionof viral andbacterialpathogens(althoughtestedretro-
spectivelyin thisstudy),nearly70%of patientswereinappropriatelytreatedwith antibiotics,i.

Fig 2. Gut Enterobacteriaceae grown on plates with and without antibiotics. Logarithmically transformedcolonycountsof
Enterobacteriaceae on MacConkeyagarwith (y-axis)andwithout (x-axis,MC) antibioticsfrom rectalswabstakenon day1 (n = 563,blue),
day8 (n = 542,red)andday29(n = 35,black)from patientswith acuterespiratory infectionenrolledat theoutpatientdepartmentof
Children'sHospital1,Ho Chi Minh City,Vietnam.Red,blueandblacklinesrepresentthemeanasdetermined byregressionanalysis.

https://doi.org/10.1371/journal.pone.0241760.g002
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e. whenonly aviral pathogenwasdetected.Moreover,thechoiceof antibioticsrarelyfollowed
hospitalguidelines,but insteadbroad-spectrumagents,suchasamoxicillin-clavulanicacid
andsecondor third generationcephalosporinswereprescribedwhicharenot recommended
for ARIs.

In addition to high ratesof inappropriateantibioticprescriptionbyattendingphysicians,
antibioticswerealsofrequentlyusedprior to presentation.Interviewedparentsreportedanti-
biotic usebeforepresentationin 22%of children,while41%of parentsdid not knowwhether
antibioticswereused.AsdeterminedbyHPLCdetectionof antibioticsin urine, therateof
prior usewas32%with fair agreementbetweenreportedanddetectedantibiotics(Table4).
HPLCmayprovideamoreaccurateandobjectivedetectionrateof antibioticusethanthe
questionnaire,althoughsensitivityis limited andHPLConly detectsantibioticsseveralhours
afteruse.AntibioticsweredetectedbyHPLCin only 49%of samplesfrom patientswhose
parentsreportedantibioticuse.If weextrapolatethis,wecanthenalsoassumethat theantibi-
otic useamongpatientswhoseparentsdidn't reportor weren'tsureaboutantibioticuseis in
realityalsoapproximatelytwiceashighasdetectedwith HPLC:28%and80%,respectively,or
atotalof 65%of patientswhohadusedantibioticsbeforepresentation.Thesehigh reported,
measuredandestimatedratesof antibioticusereflecttheover-the-counteravailabilityand
widespreaduseof antibioticsin Vietnam.

High ratesof antibioticusein outpatientchildrenwith ARI havebeenreportedbefore,par-
ticularly in Asiancountries,with ratesrangingfrom 30%in theUK to around80%in China
andKorea[34±36].Althoughdifferencesmaybepartiallyexplainedby theuseof differentdef-
initions anddifferencesin studypopulations,theysupportour observedhigh levelof antibiotic
overusein Vietnamesechildren.A high rateof antibioticconsumptionin Vietnamesechildren
wasalsosuggestedbyacommunitysurveyin northernVietnamwhere73%of interviewed
parentsindicatedthat their childrenbetween1±5yearsold hadusedantibioticsin thepreced-
ing month [13].

Thathighusageof antibioticsisnot without consequenceswasshownby theselectionof
antibiotic-resistantEnterobacteriaceae in stoolsamplesof our patients.Theproportionsof

Table 5. Proportions of patients with resistant Enterobacteriaceae and proportions of resistant Enterobacteriaceae at different timepoints.

Proportion of children carrying resistant bacteria Day 1 (n = 563) Day 8 (n = 542) Day 28 (n = 35) p1 (Day 1 vs 8) p2 (Day 1 vs 28)

Amoxicillin, n (%) 513(91.1) 516(95.2) 28(80.0) 0.008 0.5

AmoxicillinÐClavulanic acid,n (%) 504(89.5) 513(94.7) 28(80.0) 0.001 1

Ceftazidime,n (%) 379(67.3) 446(82.3) 13(37.1) <0.001 0.2

Ciprofloxacin, n (%) 322(57.2) 361(66.6) 20(57.1) <0.001 0.2

Gentamicin,n (%) 333(59.1) 377(69.6) 19(54.3) <0.001 0.3

Tetracycline, n (%) 516(91.7) 498(91.9) 29(82.9) 1 0.5

Cotrimoxazole,n (%) 524(93.1) 513(94.6) 25(71.4) 0.4 0.3

Meropenem, n (%) 4 (0.7) 2 (0.4) 0 (0) 0.7 NA

Proportionof resistantbacteria

Amoxicillin, n (%) 0.84 0.94 0.79 <0.001 0.06

AmoxicillinÐClavulanic acid,n (%) 0.82 0.92 0.82 <0.001 0.87

Ceftazidime,n (%) 0.50 0.70 0.29 <0.001 0.005

Ciprofloxacin, n (%) 0.40 0.50 0.44 <0.001 0.1

Gentamicin,n (%) 0.41 0.52 0.44 <0.001 0.7

Tetracycline, n (%) 0.82 0.84 0.83 0.36 0.28

Cotrimoxazole,n (%) 0.85 0.89 0.68 0.054 0.02

Meropenem, n (%) 0.004 0.002 0 0.5 0.3

https://doi.org/10.1371/journal.pone.0241760.t005
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patientscarryingresistantbacteriaaswellastheproportionsof resistantEnterobacteriaceae
coloniesin stoolsof individual patientsto commonlyusedantibioticswerealreadyhighatpre-
sentationbut showedfurther significantincreasesatday8.This includedEnterobacteriaceae
resistantto aminoglycosidesor quinolones,representingdrugsthatwerenot frequentlypre-
scribedfor ARI, presumablyreflectingthepresenceof multiple resistancegeneson mobile
geneticelementssuchasplasmids.Thesignificantincreasein resistantbacteriaunderantibi-
otic pressuremayleadto increasedtransferof resistancegenesto othercommensalor patho-
genicbacteria,andto person-to-personspreadin thecommunitythroughfaecal-oral
transmission.After withdrawingantibiotics,weobservedrestorationto baselinevaluesof pro-
portionsof resistantEnterobacteriaceae coloniesfor all antibioticstested.Proportionsof Enter-
obacteriaceae coloniesresistantto ceftazidimeandco-trimoxazolewererestoredto below
baselinevalues,whichmaybeexplainedbyantibioticusebeforepresentation.While these
observationssuggestthat immediateeffectsof antibiotic treatmenton selectionof resistant
bacteriaareonly short-lived,long-termpersistenceof selectedresistancegeneshasbeen
shownin otherstudies[37±42].Giventhewidespreaduseof antibioticsin Vietnam,theselec-
tion, persistenceandtransmissionof resistantbacterialikely occurson alargescaleatcommu-
nity levels,asisalsoindicatedby thehighprevalenceof resistanceatpresentationin our
outpatients.

Weacknowledgetherewereanumberof limitations to thiswork, e.g. clinicaldiagnoses
werenot assessedandrecordedin asystematicandstandardizedway.Althoughweacknowl-
edgethismaybeseenasalimitation, our work reflectsthereallife day-to-daypracticein the
busyoutpatientclinicsof apaediatrichospitalandrepresentativehighantibioticprescription
rates.Resultspresentedheremaynot begeneralisableto countrieswherethereisno over-the-
counteravailabilityof antibiotics.Other limitationsmayhavebeen:

1. Attendingphysiciansrecordedclinicaldiagnosesat their discretionwithout theuseof exact
casedefinitions.Theoretically,doctorsmayhaveover-diagnosedconditionsaspneumonia
to justify antibioticprescriptions,althoughthisdid not seemto haveoccurred.

2. Wedid not recordanylaboratoryvaluesthataremarkersof bacterialinfectionlike white
bloodcellcountandC-reactiveprotein.This isnot routinelydonein theoutpatientclinics
wherepatientswererecruitedandresultswouldhaveinfluencedtheobservationalnature
of thisstudy.

3. TheCRFweuseddid not specificallyrecord(warningsignsof) complicationsasmentioned
in someguidelines,e.g.NICE criteria for complicationsor Centorcriteria for streptococcal
pharyngitis[43,44].

4. Weusedtherespiratoryexaminationroomsfor recruitmentwheretherelativelymore
severecasesof respiratoryinfectionsareseen.Thismayhaveselectedfor apatientpopula-
tion morelikely to receiveantibiotics.

5. CommonchildhoodbacterialpneumoniapathogensS. pneumoniae andH. influenzae type
b werenot optimallydiagnosedin thisstudy.Respiratoryinfectionwith thesepathogens
shouldbeassessedusingwetandGram-stainingandbacterialcultureof sputum,which
wasnot performedhere.Moleculartestingresultswerenot takeninto accountwhen
describingaetiologyastheseresultswereconsideredto includecolonisation,andin the
caseof S. pneumoniae potentiallycross-reactivity.High carriageratesof S. pneumoniae up
to 80%havebeenreportedin childrenin theregion,but wedidn't find reportof ratesas
highasfound in our cohort [45,46].Our PCRassayfor S. pneumoniae targetedthepneu-
molysingene[21]. Thisgeneisavirulencefactorandexpressedbyalmostall isolatesof S.
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pneumoniae. However,recentreportsalsoshowedthatotherspeciesof Streptococcus can
alsoexpressthisgene[47,48].Our assaywasdevelopedfor usein diagnosisof centralner-
voussysteminfectionsin otherwisesterilecerebrospinalfluid. It isnot unlikely thatwhen
usedin respiratoryswabscross-reactivitywith otheroralstreptococcimayoccur.Wefur-
ther justifieddisregardingtheseresultsbecausewedetectedthesebacteriaatsimilar ratesin
NTSsamplesfrom acohortof healthychildren(unpublisheddata).Thebacterialload,as
expressedbyCpvaluefor S. pneumoniae wassignificantlyhigherin patientsthanin healthy
children,however,thisdid not correlatewith disease,diseaseseverity,or whetherother
pathogensweredetected.Wehypothesizedthat thishigherload,whichhasalsobeen
observedin otherstudies,wascausedby increasedsecretionsandsheddingof (colonized)
nasopharyngealepithelialcellsandresultsfor thesetwo bacteriawerenot includedin this
analysis[49].

Weshowthat in asettingof unrestrictedaccessto antibioticsandnon-adherenceto clinical
guidelinesthereisanalarminglyhigh inappropriateuseof antibioticsfor childrenwith mild
self-limiting illness,beforevisiting theoutpatientclinic andprescribedbydoctorsin theout-
patientclinic. Thissituationissimilar in manylow- andmiddle-incomecountriesacrossAsia
andAfrica [50]. Wealsoshowthat takingantibioticsexertsstrongbut reversibleselectivepres-
sureon intestinalEnterobacteriaeceae.

Physiciansreport that theyprescribeantibioticsbecauseof alackof diagnostictoolsto help
discriminatebetweenbacterialandviral infections.Laboratorycapacitybuilding, including
classicalmicrobiologyandmoleculartestingfor virusescouldhelpprovidethis information
for moreseverepatientsandinpatientswithin hoursto days,whichis too slowfor outpatients.
Point-of-caretestingfor 4 commonvirusesassociatedwith ARI (InfluenzavirusA andB,
RSV,hMPV andPIV-3) might havepreventedantibioticprescriptionin 186/563(33%)of our
patients,assuminggoodsensitivityandadherence.Likewise,useof arapidCRPtestcould
helpdistinguishviral from bacterialinfectionsandreduceantibioticprescriptionratessignifi-
cantly,aswasrecentlyshownin astudyin northernVietnam[51].

In 2013,VietnamestablishedaNationalAction Planfor AMR of which,similar to theWHO
GlobalAction Plan,keycomponentsareto raisepublicawareness,to strengthenandimprove
nationalsurveillanceon antibioticuseandsusceptibility,to ensureadequatesupplyof quality
antibiotics,to promotetheproperandsafeuseof antibioticsin humans,livestock,poultry and
aquacultureandto promoteinfectioncontrol [52]. Basedon our observations,andmorerecent
surveillancestudieson antimicrobialresistancein Vietnam,weproposethatVietnam'sstrategy
for AMR should,besidesenhancementof laboratorysupport,includeafocuson intensiveand
continuedmedicaltraining (CME) in rationalantibioticusefor medicalstudentsandcertified
medicalstaffincludingphysiciansanddevelopmentandimplementationof antibioticsteward-
shipprogrammesandtreatmentguidelinesatall levelsof thehealthcaresystem,similar to but
moreextensivethanwhatpublishedin arecentstudy[53]. It iscrucialto involvecommercial
pharmaciesin thisplan,as80%of antibioticsfor humanusearedispensedin the60.000phar-
maciesin Vietnam(of which90%without prescription)andthesearedependenton antibiotic
salesfor 25%of their revenue[12]. ThegeneralVietnamesepublicshouldbeengagedthrough
educationalprogrammesthroughnationalmediaandin thecommunities.At governmentlevel,
existinglegislationon prescription-onlydrugsshouldbeenforcedandexpandedto assurethat
antibioticscanno longerbepurchasedwithout adoctor'sconsultation.

Supporting information

S1 Fig. Pathogen detection by month. Detectionsbymonth of viral andatypicalbacterial
pathogensdetectedbyreal-timemultiplexor single(RT-)PCRin poolednasalandpharyngeal
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swabstakenatenrolmentamong563patientswith acuterespiratoryinfectionenrolledat the
outpatientdepartmentof Children'sHospital1,Ho Chi Minh City, Vietnam.X-axis:month;
Y-axis:numberof positivecasesperpathogen.FluA: InfluenzavirusA; FluB:Influenzavirus
B;RSVA/B: RespiratorySyncytialVirus A andB;PIV1-4:Humanparainfluenzaviruses1±4;
hRV:HumanRhinovirus;EV:EnterovirusA-D; CoV:HumanCoronavirus;BoV:Human
Bocavirus;MPV: HumanMetapneumovirus;PeV:HumanParechovirus;AdV: Adenovirus;
MP:Mycoplasma pneumoniae; CPn:Chlamydophila pneumoniae; CPs:Chlamydophila psitacci;
LP:Legionella pneumophila; BPt:Bordetella pertussis; BPp:Bordetella parapertussis.
(TIF)

S1 Table. Prescribed antibiotics. (a)List of mostfrequentlyprescribedantibioticsin theout-
patientdepartmentin 2007of Children'sHospital1,Ho Chi Minh City, Vietnam,(b) List of
mostfrequentlysoldantibioticsfor outpatientusein 2007in thehospitalpharmacyof Chil-
dren'sHospital1,Ho Chi Minh City, Vietnam.
(XLSX)

S1 Raw data.

(XLSX)
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