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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 2" and 3™ 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 3™ 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 resistancés amajor threatto globalhealth sustainablelevelopmenaindthe
globaleconomy[1+3]. Globally,the numberof deathgelatedto antimicrobialresistancés
predictedto increasdrom 700,00@urrentlyto 10million by 2050without intervention[1]. In
theUSandthe EU, 23,000and 25,000eathssecondaryo drug-resistantnfectionsareesti-
matedto occurannually respectively4, 5]. Thesenumbersare3+5timeshigher(relativeto
populationsize)in Thailand,amiddle-incomecountry whereantibiotic useis relativelywell
controlled[6]. Figuresarelikely to behigherin settingswith unrestrictedaccessa highly gran-
ular healthcaresystemandlackof antibiotic stewardshigprogrammedike Vietnam,where
antibiotic usageandresistanceatesareamongthe highestin Asia[7, 8].
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Antibiotics arecommonlyusedor prescribedor mild acuterespiratoryinfections(ARI) in
both childrenandadultsin primary care.In the UK, for instanceaquarterof the population
visittheir generapractitionerfor ARl annually,accountingfor 60%of total GP antibiotic pre-
scribing[9, 10].1n Vietnam,the 14" mostpopulouscountry globallyandwith apopulationof
90million andahighinfectiousdiseaseburden,antibioticsarereadilyavailableover-the-
counterwithout prescription,includingin community healthpostsandfrom privatepharma-
cies[11]. Previouswork hasshownthat 78%of antibioticsfor humanuseweredispensedn
the 60,00Qrivatepharmaciespf which around90%without prescription,andthatthe most
commonindicationwasfor ARI (80%)[12]. In across-sectionatudyin northern Vietnam
75%o0f childrenunder5 hadreceivedantibioticsfor an ARl in the precedingmonth, thelarge
majority dispensedvithout prescriptionin privatepharmacie$13]. However aetiological
studiesshowthat ARIsaremostlycausedy virusesandclinicaltrials haveshownno efficacy
of antibioticsin treatingconditionslike acutebronchitis,bronchiolitisand (haso)pharyngitis
[14£17].

Toinform policy and potentialinterventions weaimedto quantifyreallife antibiotic pre-
scriptionratescomparedwith whatwasrecommendedrom clinicalguidelinesandin relation
to detectechathogensn patientspresentingwith ARI atan outpatientclinic atalargetertiary
carepaediatrichospital(Children'sHospital1) in Ho Chi Minh City, Vietham.We also
assesseghtibiotic useon presentatiorusingquestionnaireend HPLC detectionof 6 fre-
quentlyprescribedantibioticsin urine (S1Table),andtheimmediateimpactof antibiotic
usagenn selectiorof resistanintestinal Enterobacteriaceae usingsemi-quantitativeculture.

Materials and methods

Patients and samples

Patientavereenrolledat the respiratoryinfection examinationroomsat the outpatientclinic
of Children'shospitall (CH1) in Ho Chi Minh City, Vietham.CH1 is alargetertiary referral
centrewith anoutpatientclinic with 54examinationroomswherel,600,00patientsareseen
annually At the 2 respiratoryinfection examinationrooms,45,00(patientsareseerannually.
Patientsarereferredto therespiratoryinfection examinationroomswhentheyregisterat the
outpatientdepartmentby nursingstaffwhenpresentingwith respiratorysymptomsasthe
chiefcomplaint.Patientsvereeligiblefor enrolmentif theywereunder16yearsof agehada
clinicaldiagnosisof ARI (definedashavinganacuteonsetwithin thelast5 days.of atleast
oneof the following symptomsasthe chiefcomplaint:cough sorethroat, runny noseor nasal
congestion)hadno underlyingillness(exceptasthma)werenot admittedto hospital,and
agreedo return for afollow up visit after1 week After interim analysisof thefirst 100patients
astrongincrementin the proportionsof resistantcountedcolonieswasshown.A study
amendmentvasmadeand approvedandthe remainingpatientsto beenrolledwereaskedo
return after4 weekgor anadditionalrectalswabto assesthe duration of this effect.Patients
with aclinical diagnosisof sinusitisor acuteotitis mediawerenot enrolled.Written informed
consentwasobtainedfrom parentsor legalguardiansEligiblepatientswererecruitedby a
studydoctorduring aone-hourperiodon Mondays,TuesdaysWednesdayand Thursdays,
with weeklyenrolmentrestrictedto amaximumof 10to 12 patients Apart from follow-up vis-
its for studypurposesit wascommonfor patientsto return anumberof timesin thefirst
weekafterfirst presentatioraspart of standardoutpatientcare.
Demographicglinicalandantibiotic prescriptionand usagedatawerecollectedn case
reportforms (CRF).Attending physiciansaissesseahdrecordedclinical diagnosisandout-
come.At enrolmentcombinednoseandthroatswabgNTS)in Viral TransportMedium, a
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rectalswabin normal salineandaurine samplewerecollected At follow-up visitsafterl week
and,in asubsebdf patients after4 weeksan additionalrectalswabwascollected.

Basedn systematiceviews]ocalhospitalguidelinesandinternationalguidelinesantibiot-
icswereconsiderednappropriatebasedn clinical diagnosisf prescribedor aclinical diag-
nosisof uncomplicatedARI otherthan pneumoniaor streptococcgbharyngitis/tonsillitis,and
basedn clinical diagnosisand moleculardiagnostiaesultsif in addition to the clinical diag-
nosisaviruswasdetectedandno bacteria)14+16,18+20].

Ethics approval

Protocolsandamendmentsverereviewedand approvedoy the Institutional ReviewBoardsof
Children'sHospital1 andthe Health Serviceof Ho Chi Minh City, andby the Universityof
Oxford Tropical ResearclEthicsCommittee(OXTREC).

Molecular diagnostics

Thefollowing bacterialandviral pathogensveredetectedisinginhousemoleculardiagnos-
tics:Streptococcus pneumoniae, Haemophilus influenzae typeb, Mycoplasma pneumoniae,
Legionella pneumophila, Chlamydophila pneumoniae andpsittaci, Bordetella pertussis and
parapertussis, Influenzavirus A-B, Parainfluenzairus 1+4,RespiratorySyncytiaVirus A-B,
humanmetapneumovirus\-B, rhinoviruses gnterovirusegparechovirusegoronaviruses,
bocaviruseandadenovirusesAll assaysverepublishedpreviously excepthe L. pneumophila
assay21+28].For L. pneumophila aninhousevalidatedassaydevelopedindusedin the
AmsterdamUniversityMedicalCentreswasused Nucleicacidswereextractedusingan auto-
matedcommercialGuanidinium Thiocyanat GuSCN)basednethodon the EasyMagEasy
MAG 2.0,bioMéieux, Marcy 'Btoile, France)or MagnaPure96 (Roche Mannheim,Ger-
many)platform.Viral RNA wasreverselyranscribedusingSuperscriptll reversdranscrip-
tase(Invitrogen, CarlsbadCalifornia,USA)andrandomhexamergRoche) Real-timePCR
wasperformedon aLC480ll Thermocyclei(Roche) Primersweremanufacturedy Sigma
Proligo(Singapore)ProbescontainingMinor GrooveBinders(MGB) weremanufacturedy
Applied Biosystem#nc. (FosterCity, CA, USA), probescontainingLCRED610,6700r
CYAN5O0Ofluorophoresor with incorporatedLockedNucleicAcid (LNA) residuesvereman-
ufacturedby Tib Molbiol (Berlin, Germany)and probescontainingonly HEX or FAM by
SigmaProligo.EquineArteritis Virus and PhocidHerpesVirus wereusedasnon-competitive
internal controlsin PCRswith RNA and DNA targetsyespectively29, 30]. Testingwasnot
part of standardof care wasconductedbatch-wisdén aresearchHaboratoryandresultswere
not reportedto thetreatingphysicians.

Measurement of antibiotic levels in urine

Antibiotic levelsn urine weredeterminedusingvalidatedn-houseprotocols,asdescribed
earlier[31]. Themostfrequentlyusedantibioticsin the hospitalandsoldin the pharmacyof
Children'sHospital1 arelistedin S1Table Briefly,urine concentration®f sixfrequentlyused
antibiotics(cephadroxilcephalexincefaclor cefixime,amoxicillin and cefuroxime)were
assesseaasingin-housevalidatedHigh-Performanceiquid ChromatographyHPLC) proto-
cols.Briefly, HPLCwasdoneon aLachromElitexHitachiHPLC controlledby EZChrom
v3.18softwargMerck+HitachiJapan)Solidphaseextractionwasdoneusinglsolute96fixed
well plategBiotagaAB, UppsalaSweden)Separatiorwasdonethrougha5um LichroCart
240x4.6mnPurospherdrP-18/5umdx4RP-18dor cephadroxil cefaclorcephalexirand
cefixime(limit of detection0.08mg/Ljowerlimit of quantification[LLOQ]: 0.3mg/L)and
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througha5pm 125x4mmRP-8/5um4x4 RP-8efor amoxicillin and cefuroxime(LOD: 0.1mg/
L and0.05mg/L respectively.LOQ:0.2mg/L)[18].

Semi-quantitative culture of Enterobacteriaceae

Rectakwabsverekeptat 4ECandprocesseavithin 24hoursof collection.Swabsveresus-
pendedin salineandseriallydiluted. Dilutions wereculturedon MacConkeyagarandthe
dilution yieldingbetweer20+20Ccoloniesvasmadeagainthe nextdayfrom the original spec-
imen for cultureon MacConkeyplatescontainingtetracycling4 mg/L), amoxicillin (8 mg/L),
amoxicillin-clavulanicacid (8t4mg/L), ceftazidimg2 mg/L), ciprofloxacin(1 mg/L), trimeth-
oprim/sulfamethoxazol€/38mg/L), gentamicin(4 mg/L), meropenem4 mg/L) andacon-
trol platewithout antibiotics. The concentrationsisedwereselectedasedn the CLSIcriteria
for intermediatesusceptibilityof theseantibioticsfor Enterobacteriaceae. Pan-susceptibland
resistantATCC isolatesvereusedasinternal quality controlsfor eachbatchof platesLactose
fermentingEnterobacteriaceae wereidentified aslargecircular smoothpink coloniesby expe-
riencedclinical microbiologylaboratorytechniciansandwerecounted.For eachantibiotic the
proportion of resistantEnterobacteriaceae wasdeterminedastheratio of bacterialcountson
plateswith andwithout differentantibiotics.Only pink (lactos€ermenting)colonieswere
countedandthroughoutthis manuscriptwhenwereferto Enterobacteriaceae counts Jactose
fermentingEnterobacteriaceae aremeant.Bacteriatounts(+1) werelogarithmicallytrans-
formedfor displayin graphsandregressiorwasusedto calculatehe positionof linesrepre-
sentingthe meanfor eachcollectiontimepoint. This semi-quantitativenethodwasdesigned
to beasimpleandeleganivayto showrelativeselection’ enrichmentof resistanteasilycultur-
ablerelevanthumanpathogensluring appropriateor inappropriateuseof antibioticsfor an
infectionin adifferentbodycompartment.

Statistical analysis

All variablesof interestweresummarisedy group (age clinical diagnosissingleinfection or
co-infection).For descriptivestatisticsprevalencend percentagevereusedfor categorical
variablesvhile meanandstandarddeviationor medianandinterquartilerange(IQR) were
usedfor normally or non-normally distributedcontinuousdata,respectivelyComparison®f
epidemiologicabndclinical characteristicamongagegroupsor infection groups(no patho-
gen,oneviral infection,onebacterialinfection and co-infection)wereanalysedisingFisher's
exacttestfor categoricatlataandthe Kruskal-Wallistestfor continuousdata.Differencesf
proportionsof resistantEnterobacteriaceae coloniesbetweerdaysl and8,anddays8 and
week4 wereassessaasingthe Wilcoxon matchedpairssigned-ranktest.In orderto assess
concordancef antibiotic useasdeterminedby parentinterviewsandurine testsaKappa
measuref agreementvasused All statisticatestswereperformedastwo-tailedtestsat 5%
significancdevels SPSSersion20wasusedfor all analyses.

Results
Demographic and clinical data

BetweerfFebruary2009and February2010563patientswereenrolled,545returnedfor afol-
low-up visit atday8, 13werefollowed-upby telephoneand 5 werelostto follow-up. Fig 1
showsaflowchartof enrolmentandfollow-up. Demographicsglinical diagnosesind outcome
aredisplayedn Tablel. Patientshada medianageof 1.96yearg(IQR 1.05+3.183nd 95.2%0of
patientswereageds yearsor below.The male:femaleratio was1.28:1Completeor partial
recoveryatday8 accordingto the attendingphysicianwasreportedfor 138/56324.5%)and
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Enrolled

7 day follow-up 558 patients: No rectal swab

28 day follow-up 35 patients

No urine collected:
563 patients 10/563 patients

Lost to 7d follow-up:
5/563 patients

545 visit collected:
13 by phone 3/542 patients

523 children

Study amendment -----------mmm oo oo

40 children

Lost to 28d follow-up:
5 patients

Fig 1. Enrolment flowchart. Flowchartof enrolmentandfollow-up of 563patientswith acuterespiratoryinfection enrolledatthe
outpatientdepartmenibf Children'sHospital1,Ho Chi Minh City, Vietnam.

https://doi.org/1A.371/journal pne.024176@001

361/56364.1%)patientsrespectivelyln contrast59/563(10.5%)patientsdid not recover:
6.4%remainedclinically unchanged?.8%worsenedand 1.2%wereadmittedto hospital.By
proportion of fully recoverecpatientsat day8, upperrespiratoryinfectionshadabetterout-
comethan lowerrespiratorytractinfections(34%[53/155]vs.21%[81/391])and,similarly,
bronchitishadaworseoutcomethan other clinical diagnose$20%[53/262]).

Prescription of antibiotics and other medications

Antibiotics wereprescribedor all but two patients(561/56399.6%)with amedianduration
of 6 days(IQR: 4+7).Themostcommonlyprescribecantibioticsat presentatiorwereamoxi-
cillin-clavulanicacid(45.6%) cefuroximeaxetil (22.0%) cefixime(11.4%) cefaclon8.2%),
erythromycin(3.7%)amoxicillin (3.0%) and cefpodoximg2.3%) First choiceantibioticsfor
ambulatorypneumoniatreatmentasrecommendedy the 2009hospitalguidelinesj.e.amoxi-
cillin or co-trimoxazolewereinfrequentlyprescribed3.0and0.4% respectively).

In additionto antibiotics,coughsyrup(394/563,70.0%)bronchodilatory(324/56357.6%),
antipyretics(150/56326.6%)antihistamineg66/563,11.7%)mucolytics(62/563,11.0%)and
steroidg(58/563,10.3%)werealsoprescribed.

Pathogen detection rates and associations

Detectionof viral and bacterialpathogensisingmolecularassayss shownin Table2. S. pneu-
moniae and H. influenzae typeb weredetectedn 553/56398.4%)and 69/563(12.3%NTS
samplegrom patients(Table2). Resultdor thesewo bacteriaverenot includedin further
analyseg¢seediscussion).

PLOS ONE | https://doi.org/10.1371/journal.pone.0241760 November 4, 2020 6/18


https://doi.org/10.1371/journal.pone.0241760.g001
https://doi.org/10.1371/journal.pone.0241760

PLOS ONE

Antibiotic use in outpatients in Vietnam

Table 1. Patient baseline, diagnosis and outcome data.

Characteristics® ARI patients (n = 563)
Medianagein yearqIQR) 1.96(1.05+3.18)
< 1lyear,n (%) 137(24.3)
1-<2yearsn (%) 148(26.3)
2- < 5yearsn (%) 251(44.6)
>5yearsn (%) 27(4.8)
Male,n (%) 316(56.1)
Clinical diagnosi&

asthma 17(3.0)
bronchitis 262(46.5)
bronchiditis 122(21.7)
pneumonia 7(1.2)
nasophayngitis 105(18.7)
pharyngtis 42(7.5)
tonsillitis 7(1.2)
laryngotracheobronchis 1(0.2)
Outcomé

Completerecovery 138(24.5)
Partialrecovery 361(64.1)
Uncharged 36(6.4)
Worsened 16(2.8)
Admitted 7(1.2)
Unknown 5(0.9)

2Baselineharacterics of 563patientswith acuterespiratoryinfection enrolledat the outpatientdepartmeniof
Children'sHospital1,Ho Chi Minh City, Vietnam

b Clinical diagnosisof 563patientswith acuterespiratoryinfection enrolledat the outpatientdepartment of
Children'sHospital1, Ho Chi Minh City, Vietnam

¢ Outcomerecordedat day8 of 563patientswith acuterespiratoryinfection enrolledat the outpatientdepartnent of
Children'sHospital1, Ho Chi Minh City, Vietnam.

https://abi.org/10.1371djurnal.por.0241760.t0D

Virusesweredetectedn 410/56372.8%NTSsamples?94/41Q71.7%)weresingleinfections
and116/410(28.3%wereco-infectionswith eithervirusesor bacteriaAtypicalbacterisand Borde-
tella spp. weredetectedn 43/563(7.6%)samplesn mostof which (27/43,63%)virusesverealso
detectedMost commonlydetectediirusesvererhinoviruses27%,152/563and enteroviruses
(10.5%95/563) M. pneumoniae wasthe mostfrequentlydetectedhtypicalbacterium(4.4%25/563).

Among patientsolderthanfive,apathogerwasdetectedn only 40%(11/27),asopposedo
80+90%n the <1,1 and2+5agegroups.

Detectionsby month of viral and atypicalbacterialpathogensreshownin S1Fig.Detection
ratesof pathogenwariedfrom month to month during the yearandclearseasongbatterns
wereobservedor severalirusesinfluenzavirus A, RespiratonSyncytiaMirus (RSV)and
humanmetapneumovirughMPV) weremostlyseerduring andaroundtherainy seasorfJune
to November)with hMPV peakingafterRSV Parainfluenzaviru8 (P1V3) wasmostlydetected
from Novemberto June Enterovirusegnd Rhinovirusesveredetectedhroughouttheyear,
with highestdetectionratesfor Enterovirusesn Novemberandfor Rhinovirusesn March.

Significantassociationbetweerspecificpathogensndclinical diagnosior outcomewere
not observedbut co-infectionsandinfectionswith multiple viruseswereassociatewith a
worseoutcome.
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Table 2. Pathogens detected in respiratory samples.

ARI patients

(n=563)
Viruses
Influenzavirus A, n(%) 39(6.9)
Influenzavirus B, n(%) 5(0.9)
EnteroviusA-D, n(%) 59(10.5)
Adenovrus, n(%) 52(9.2)
RhinovirusA-C, n(%) 152(27.0)
RSVA/B, n(%) 54(9.6)
Human metapneumoius, n(%) 41(7.3)
Parainflienzavirus 1, n(%) 10(1.8)
Parainfllenzavirus 2, n(%) 11(2.0)
Parainflienzavirus 3, n(%) 46(8.2)
Parainfllenzavirus 4, n(%) 19(3.4)
Coronaviusesn(%) 21(3.7)
Human parechovirusn(%) 4(0.7)
Human bocavirusn(%) 19(3.4)
Bacteria
Haemophilus influenzae, n(%) 69(12.3)
Streptococcus pneumoniae, N(%0) 553(98.4)
Bordetella pertussis, n(%6) 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 pathogerpositive ,n(%) 426(75.6)
Singleviral infection,n(%) 294(52.2)
Singlebacteral infection,n(%) 16(2.8)
Coinfection,n(%) 116(20.6)
No pathogenn(%) 137(24.3)

Viral andbacterialpathogensletectedy real-time multiplex or single(RT-)PCRin poolednasalandpharyngeal
swabdakenat enrolmentamong563patientswith acuterespiratoryinfectionenrolledatthe outpatientdepartment
of Children'sHospitd 1,Ho Chi Minh City, Vietnam.

https://abi.org/10.1371durnal.por.0241760.t0D

Amongthedetected/irusesseverahreknown to alsobefrequentlydetectedamong
asymptomatichildren,whereasnfluenzavirus A andB,RSV ,hMPV andPIV3 havestronger
associationsiith diseas@ndoutbreaksof respiratoryinfections.These4 weredetectedn
186/56333.0%)patients(influenzaA 39,B5,RSV54,hMPV 41,PIV346,RSV+ hMPV 1).

Appropriateness of antibiotics according to guidelines and pathogens

Weretrospectivelylassifiedantibiotic useasinappropriatebasecn clinical diagnosisand
(RT-)PCRresultsWe usedtwo definitionsfor inappropriateantibiotic use:1) basedn clini-
caldiagnosisi.e. antibiotic usein patientswho werenot diagnosedvith pneumoniaor phar-
yngitis/tonsillitisand 2) basedn acombinationof clinicalandlaboratorydiagnosisn
patientswhoserespiratorysamplesverepositivefor atleastoneof 14virusesandnegativefor
6 bacterialpathogensestedby PCR(excludingS. pneumoniae and H. influenzae).
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Table 3. Antibiotic use assessed by questionnaire and HPLC.

Any antibiotic (patients)

1 antibiotic

2 antibiotics

3antibiotics

Total (antibiotics)

Perantibioitc

Amoxicillin (with or without clavulanicacid)
Cefaclor

Cefadroxil

Cefixime

Cefuroxime

Cephalexin

Other

Total (antibiotics)
Negativegbelowthe levelof detectior)
Denieduse

Unknown

HPLC (%) Questionnaire (%) of which HPLC positive
(total number = 553) (total number = 553)
178 32.2 123 22.2 60
160 28.9 119 215
14 25 4 0.7
4 0.7
200 127
52 9.4 48 8.7 22
28 5.1 37 6.7 12
34 6.1 3 0.5 3
54 9.8 14 25 8
10 1.8 16 2.9 4
22 4.0 1 0.2 1
8 0.2
200 127 60
375 67.8
206 37.3 29
224 40.5 89

Antibiotic useamong553patientswith acuterespiratoryinfection prior to enrolmentatthe outpatientdeparmentof Children'sHospital1, Ho Chi Minh City,
Vietnamasassesskby questionnare on enrolmentandby HPLC of urine collectedon enrolment

https://da.org/10.1371¢urnal.pon®241760.t003

Only 7 (1.2%)patientshadaclinical diagnosiof pneumoniaand 49 (8.7%)patientshada
diagnosiof pharyngitisor tonsillitis (Table1). Theremainingninety percent(90.1%507/563)
of patientsreceivedantibioticsinappropriatelyaccordingto definition 1. Firstchoiceantibiot-
icsfor ambulatorypneumoniatreatmentasrecommendedy the 2009hospitalguidelinesi.e.
amoxicillin or co-trimoxazolewererarelyprescribed3.0and 0.4%respectively)Among
theseb07patients 380hadavirus and no atypicalbacteriadetectedandtherefore according
to definition 2,67.5%(380/563)of patientsreceivedantibioticsinappropriately.

Antibiotic use on presentation by questionnaire and by detection in urine
by HPLC

Resultdrom parentinterviewson antibiotic useand HPLC detectionin urine collectedat pre-
sentationareshownin Tables3 and4. From 553/56398.2%patientsa urine samplevascol-
lectedat presentationAntibiotic useduring thetwo daysprior to enrolmentwasreportedby

123/55322.2%)of parents 206/55337%)reportedno antibiotic useand 224/55340.5%)id

Table 4. Kappa score.

Kappa 0.37 questionnaire
+ -
HPLC + 60 29 89
- 63 177 240
123 206 329

Kappascoreof antibiotic useasassesseuly questionnée on enrolmentandby HPLC of urine collectedon
enrolment

https://abi.org/10.1371djurnal.por.0241760.t00
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not know. Among patientsfrom whom a urine samplenascollected 32%(178/553hadapos-
itive resultfor oneof 6 frequentlyprescribedantibioticsdetectecby HPLCin urine; 2 different
antibioticsweredetectedn 14 patientsand 3in 4 patients(Table3). Cefixime, athird-genera-
tion oral cephalosporinywasthe mostfrequentlydetectedantibiotic.

Amongthosewho confirmedor deniedantibiotic use therewasagreemenwith HPLC
resultsin 237/32972% kappascore0.37[0.21+0.40fair agreement]Table4). Antibiotics
weredetectedn urine of 29/206(14%)patientswhoseparentsdenieduse,andin 60/123
(49%)patientsfor whom usewasreported,with the measuredantibiotic correspondingo
thereportedantibioticin 50/60(83%)of casesUseof the 6 testedantibioticswasreported
in 56 of theremaining63(89%)caseshat testednegativeln patientsfor whom prior use
wasunknown,antibioticsweredetectedn 89/224(40%).Thesensitivityof HPLCto detect
6 antibioticsin urine from patientswhoseparentsreporteduseof thesesame6 antibiotics,
was49%.

Effect of antibiotics on intestinal Enterobacteriaceae

We determinedthe proportion of patientscarryingresistantEnterobacteriaceae andthefrac-
tion of antibiotic resistanintestinalEnterobacteriaceae by semi-quantitativeculture of rectal
swabgakenon dayl (n =563)and8 (n = 542)on 9 MacConkeyagarplateseachwith anddif-
ferentantibiotics(tetracycline amoxicillin,amoxicillin-clavulanicacid,ceftazidimeciproflox-
acin,trimethoprim/sulfamethoxazolegentamicin meropenem)Thirty-five of 40consecutive
invited patientscamebackto hospitalafter4 weekgor re-assessmenf intestinal Enterobac-
teriaceae, afterinterim analysi®f thefirst 100patientshadshownstrongincrementsof the
proportion of patientscarryingresistanbacteriaandthe proportionsof resistanbacteriain
their samplegFig 2). Proportionsof patientsand proportionsof countedresistantoloniesare
shownin Table5. McNemartestand Wilcoxon matchedpairssigned-rankestswereusedto
assesstatisticakignificanceof differentproportionsof patientsandresistantcoloniesyespec-
tively. Logtransformedcolonycountsat 3 differenttimepointson plateswith andwithout 4
differentantibiotics(amoxicillin, ceftazidimegentamicin,and ciprofloxacin)areshownin Fig
2.Regressiomasusedto calculatehe positionof linesrepresentinghe mean.

Theproportion of patientsfrom whomantibiotic resistantEnterobacteriaceae werecultured
on 8 platescontainingdifferentantibioticsandthe proportion of countedresistantEnterobac-
teriaceae coloniegdefinedasthe ratiosof the numberof colonieson 8 differentplatescontain-
ing 8 differentantibioticsdivided by the numberof countedcolonieson 1 platewithout
antibiotics)among563,542and 35 patientswith acuterespiratoryinfectionenrolledatthe
outpatientdepartmentof Children'sHospital1,Ho Chi Minh City, Viethamatday1,dayand
day28of enrolment.McNemartestand Wilcoxon matchedpairssigned-rankestswereused
to assesstatisticakignificanceof differentproportionsof patientsandresistantolonies,
respectively.

For mostantibiotics,the proportionsof patientscarryingresistantacteriaverealready
high atday1. Theseproportionsfurther increasedignificantlyat day8 for amoxicillin,amoxi-
cillin with clavulanicacid,ceftazidimeciprofloxacinand gentamicin andrestoredo baseline
proportionsor belowafter4 weeksSimilarly,the proportionsof resistanintestinal Enterobac-
teriaceae coloniesincreasedor theseb antibioticsandreturnedto day1 levelsafter4 weeks
(Table5andFig2). For ceftazidimeand co-trimoxazolehe proportionsof resistantEnterobac-
teriaceae coloniesweresignificantlylower after4 weekscomparedo day1, whichmaybe
explainedoy antibiotic usebeforepresentationindeed whenexcludingpatientswho were
alreadyusingantibioticson day1 (assesseuly questionnaireor HPLC), proportionsof resis-
tant Enterobacteriaceae coloniesafter4 weeksveresimilarto thoseatday1.
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Fig 2. Gut Enterobacteriaceae grown on plates with and without antibiotics. Logarithmicaly transformedcolonycountsof
Enterobacteriaceae on MacCorkeyagarwith (y-axis)andwithout (x-axis,MC) antibioticsfrom rectalswabdakenon day1 (n = 563 blue),
day8 (n =542 red)andday29(n = 35,black)from patierts with acuterespirdory infectionenrolledat the outpatientdepartmenof
Children'sHospital1l,Ho Chi Minh City, Vietnam.Red blueandblacklinesrepresenthemeanasdeterminel by regressioranalysis.

https://abi.org/10.1371durnal.por.0241760.902

Discussion

Accordingto systematiceviewsand currentinternationalandlocalguidelinesjncluding
thosein placeattherecruiting hospital,only clinical diagnosesf pneumoniaandstreptococ-
calpharyngitis/tonsilliis areindicationsfor prescriptionof antibioticsin outpatientswith ARI
[14+16,18+20] Antibiotics havenot beenproveneffectiveandthereforearenot recom-
mendedfor otherdiagnosesinlesgherearebacteriakuper-infectionsbut thesehavebeen
reportedto occurin only around5+8%of childrenwith ARI [32,33].In our study,pneumonia
andpharynagitis/tonsillitiswerediagnosedn only 1.2%(n = 7) and8.7%(n = 49) of patients
presentingwith ARI, but antibioticswereprescribedn all but two patientsenrolled.This
meanghat more than 90%of patientsinappropriatelyreceivedantibioticsfor clinical diagno-
seswhich do not requireantibiotic treatmentaccordingto treatmentguidelineslUsingmore
stringentcriteria, basedn detectionof viral andbacterialpathogengalthoughtestedretro-
spectivelyn this study),nearly70%of patientswereinappropriatelytreatedwith antibiotics,i.
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Table 5. Proportions of patients with resistant Enterobacteriaceae and proportions of resistant Enterobacteriaceae at different timepoints.

Proportion of children carrying resistant bacteria

Amoxicillin, n (%)
AmoxicillinbClavulanic acid,n (%)
Ceftazidime,n (%)

Ciprofloxacin, n (%)

Gentamicin,n (%)

Tetracyclinen (%)
Cotrimoxazolen (%)
Meropenemn (%)

Proportion of resistanbacteria
Amoxicillin, n (%)
AmoxicillinbClavulanic acid,n (%)
Ceftazidime,n (%)

Ciprofloxecin, n (%)

Gentamicin)n (%)

Tetracyclingn (%)
Cotrimoxazolen (%)
Meropenemn (%)

https://da.org/10.1371durnal.pon®241760.t005

Day 1 (n = 563) Day 8 (n = 542) Day 28 (n = 35) pl (Day 1 vs 8) p2 (Day 1 vs 28)

513(91.1) 516(95.2) 28(80.0) 0.008 0.5
504(89.5) 513(94.7) 28(80.0) 0.001 1
379(67.3) 446(82.3) 13(37.1) <0.001 0.2
322(57.2) 361(66.6) 20(57.1) <0.001 0.2
333(59.1) 377(69.6) 19(54.3) <0.001 0.3
516(91.7) 498(91.9) 29(82.9) 1 0.5
524(93.1) 513(94.6) 25(71.4) 0.4 0.3
4(0.7) 2(0.4) 0(0) 0.7 NA
0.84 0.94 0.79 <0.001 0.06
0.82 0.92 0.82 <0.001 0.87
0.50 0.70 0.29 <0.001 0.005
0.40 0.50 0.44 <0.001 0.1
0.41 0.52 0.44 <0.001 0.7
0.82 0.84 0.83 0.36 0.28
0.85 0.89 0.68 0.054 0.02
0.004 0.002 0 0.5 0.3

e. whenonly aviral pathogerwasdetectedMoreover the choiceof antibioticsrarelyfollowed
hospitalguidelinesput insteadoroad-spectrunagentssuchasamoxicillin-clavulanicacid
andsecondor third generationcephalosporinsvereprescribedvhicharenot recommended
for ARIs.

In additionto high ratesof inappropriateantibiotic prescriptionby attendingphysicians,
antibioticswerealsofrequentlyusedprior to presentationinterviewedparentsreportedanti-
biotic usebeforepresentatiorin 22%of children,while 41%of parentsdid not know whether
antibioticswereused As determinedoy HPLC detectionof antibioticsin urine, therateof
prior usewas32%with fair agreemenbetweerreportedand detectedantibiotics(Table4).
HPLC mayprovideamoreaccurateand objectivedetectionrate of antibiotic usethanthe
guestionnairealthoughsensitivityis limited and HPLC only detectsantibioticsseverahours
afteruse Antibiotics weredetectedby HPLCin only 49%of samplegrom patientswhose
parentsreportedantibiotic use.If weextrapolatehis, we canthenalsoassumehat the antibi-
otic useamongpatientswhoseparentsdidn't reportor weren'tsureaboutantibiotic useisin
realityalsoapproximatelytwiceashigh asdetectedvith HPLC:28%and 80% respectivelypr
atotal of 65%o0f patientswho hadusedantibioticsbeforepresentationThesehigh reported,
measurednd estimatedatesof antibiotic usereflectthe over-the-counteavailabilityand
widespreadiseof antibioticsin Vietnam.

High ratesof antibiotic usein outpatientchildrenwith ARI havebeenreportedbefore par-
ticularly in Asiancountrieswith ratesrangingfrom 30%in the UK to around80%in China
andKorea[34+36].Althoughdifferencesnaybe partially explainedby the useof differentdef-
initions anddifferencesn studypopulationstheysupportour observedigh levelof antibiotic
overusean Vietnamesehildren.A high rateof antibiotic consumptionin Vietnamesehildren
wasalsosuggestetly acommunity surveyin northern Vietnamwhere73%of interviewed
parentsindicatedthattheir childrenbetweernl+5yearsold hadusedantibioticsin the preced-
ing month [13].

Thathigh usageof antibioticsis not without consequencesasshownby the selectiorof
antibiotic-resistanEnterobacteriaceae in stoolsample®f our patients Theproportionsof
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patientscarryingresistanbacteriaaswell asthe proportionsof resistantEnterobacteriaceae
coloniesn stoolsof individual patientsto commonlyusedantibioticswerealreadyhigh at pre-
sentationbut showedurther significantincreasesitday8. ThisincludedEnterobacteriaceae
resistanto aminoglycosidesr quinolonesyepresentinglrugsthatwerenot frequentlypre-
scribedfor ARI, presumablyreflectingthe presencef multiple resistancgeneson mobile
geneticelementsuchasplasmidsThesignificantincreasen resistanbacteriaunderantibi-
otic pressuremayleadto increasedransferof resistancgenegso othercommensabr patho-
genicbacteriaandto person-to-persospreadn the community throughfaecal-oral
transmissionAfter withdrawingantibiotics,weobservedestorationto baselinevzaluesof pro-
portionsof resistantEnterobacteriaceae coloniesfor all antibioticstested Proportionsof Enter-
obacteriaceae coloniesresistanto ceftazidimeand co-trimoxazolewererestoredo below
baselinevaluesywhich maybeexplainedoy antibiotic usebeforepresentationWhile these
observationsuggesthatimmediateeffectsof antibiotic treatmenton selectiorof resistant
bacteriaareonly short-lived,long-termpersistencef selectedesistancgenesasbeen
shownin otherstudieg37+42].Giventhe widespreadiseof antibioticsin Vietnam,the selec-
tion, persistencandtransmissiorof resistanibacteriadikely occurson alargescaleat commu-
nity levelsasis alsoindicatedby the high prevalencef resistanceat presentatiorin our
outpatients.

We acknowledgeherewereanumberof limitations to this work, e.g. clinical diagnoses
werenot assesseahdrecordedin asystemati@andstandardizedvay.Althoughweacknowl-
edgethis maybeseerasalimitation, our work reflectsthereallife day-to-daypracticein the
busyoutpatientclinics of apaediatrichospitalandrepresentativéigh antibiotic prescription
rates Resultpresentecheremaynot begeneralisabléo countrieswherethereis no over-the-
counteravailabilityof antibiotics.Other limitations mayhavebeen:

1. Attending physiciangecordedclinical diagnosesttheir discretionwithout the useof exact
casdalefinitions. Theoreticallydoctorsmayhaveover-diagnosedonditionsaspneumonia
to justify antibiotic prescriptionsalthoughthis did not seemnto haveoccurred.

2. Wedid not recordanylaboratoryvalueghat aremarkersof bacterialinfection like white
bloodcellcountand C-reactiveprotein. Thisis not routinely donein the outpatientclinics
wherepatientswererecruitedandresultswould haveinfluencedthe observationahature
of this study.

3. TheCRFweuseddid not specificallyrecord(warning signsof) complicationsasmentioned
in someguidelinese.g. NICE criteriafor complicationsor Centorcriteriafor streptococcal
pharyngitis[43, 44].

4. We usedtherespiratoryexaminationroomsfor recruitmentwheretherelativelymore
severease®f respiratoryinfectionsareseenThis mayhaveselectedor apatientpopula-
tion morelikely to receiveantibiotics.

5. Commonchildhoodbacterialpneumoniapathogens. pneumoniae and H. influenzae type
b werenot optimally diagnosedn this study.Respiratoryinfectionwith thesepathogens
shouldbeassessaasingwetand Gram-stainingand bacterialculture of sputum,which
wasnot performedhere.Moleculartestingresultswerenot takeninto accountwhen
describingaetiologyastheseresultswereconsideredo includecolonisationandin the
casef S. pneumoniae potentiallycross-reactivityHigh carriageratesof S. pneumoniae up
to 80%havebeenreportedin childrenin theregion,but wedidn't find reportof ratesas
highasfoundin our cohort[45,46]. Our PCRassayor S. pneumoniae targetedthe pneu-
molysingeneg[21]. Thisgeneis avirulencefactorandexpressedly almostall isolateof S.
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pneumoniae. However recentreportsalsoshowedhat other specie®f Streptococcus can
alsoexpresshis geng47,48]. Our assayasdevelopedor usein diagnosif centralner-
voussysteninfectionsin otherwisesterilecerebrospinalluid. It is not unlikely thatwhen
usedin respiratoryswabscross-reactivityvith other oral streptococcmayoccur.Wefur-
therjustified disregardingheseresultsbecausave detectedhesebacteriaat similar ratesin
NTSsamplegrom acohortof healthychildren (unpublisheddata). The bacteriaload,as
expressetly Cp valuefor S. pneumoniae wassignificantlyhigherin patientsthanin healthy
children,howeverthis did not correlatewith diseasejiseasseverity or whetherother
pathogensveredetectedWe hypothesizedhatthis higherload,which hasalsobeen
observedn otherstudieswascausedy increasedecretiongnd sheddingof (colonized)
nasopharyngeapithelialcellsandresultsfor thesewo bacteriawerenot includedin this
analysig49].

We showthatin asettingof unrestrictedacces$o antibioticsandnon-adherencéo clinical
guidelineghereis analarminglyhigh inappropriateuseof antibioticsfor childrenwith mild
self-limiting iliness beforevisiting the outpatientclinic and prescribedby doctorsin the out-
patientclinic. This situationis similarin manylow- andmiddle-incomecountriesacrossAsia
andAfrica[50]. We alsoshowthat taking antibioticsexertsstrongbut reversibleselectiveres-
sureon intestinal Enterobacteriaeceae.

Physicianseportthattheyprescribeantibioticsbecausef alackof diagnosticdoolsto help
discriminatebetweerbacterialandviral infections.Laboratorycapacitybuilding, including
classicainicrobiologyand moleculartestingfor virusescould helpprovidethis information
for more severgatientsandinpatientswithin hoursto dayswhichistoo slowfor outpatients.
Point-of-caretestingfor 4 commonvirusesassociatewith ARI (Influenzavirus A andB,

RSV hMPV andPIV-3) might havepreventedantibiotic prescriptionin 186/56333%)of our
patients assuminggoodsensitivityand adherencel.ikewise useof arapid CRPtestcould
helpdistinguishviral from bacterialinfectionsandreduceantibiotic prescriptionratessignifi-
cantly,aswasrecentlyshownin astudyin northernVietnam[51].

In 2013 Vietnamestablishe@ National Action Planfor AMR of which, similar to the WHO
GlobalAction Plan,keycomponentsareto raisepublic awarenesso strengtherandimprove
nationalsurveillanceon antibiotic useand susceptibilityto ensureadequatesupplyof quality
antibiotics,to promotethe properandsafeuseof antibioticsin humans Jivestock poultry and
aquacultureandto promoteinfection control [52]. Basedn our observationsand morerecent
surveillancestudieson antimicrobialresistancén Vietnam,we proposethat Vietham'sstrategy
for AMR should besidegnhancemenof laboratorysupport,includeafocuson intensiveand
continuedmedicaltraining (CME) in rational antibiotic usefor medicalstudentsand certified
medicalstaffincluding physiciansaand developmenandimplementationof antibiotic steward-
shipprogrammesandtreatmentguidelinesat all levelsof the healthcaresystemsimilar to but
more extensiveéhanwhatpublishedn arecentstudy[53]. It is crucialto involvecommercial
pharmaciesn this plan,as80%of antibioticsfor humanusearedispensedn the 60.00(phar-
maciedn Vietnam (of which 90%without prescription)andthesearedependenbn antibiotic
saledor 25%o0f their revenud12]. ThegeneraViethamesgublic shouldbeengagedhrough
educationaprogrammeghrough nationalmediaandin the communities At governmentevel,
existinglegislationon prescription-onlydrugsshouldbeenforcedand expandedo assurghat
antibioticscanno longerbe purchasedvithout adoctor'sconsultation.

Supporting information

S1 Fig. Pathogen detection by month. Detectionsoy month of viral and atypicalbacterial
pathogengletectedy real-timemultiplex or single(RT-)PCRin poolednasalandpharyngeal
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swabgakenat enrolmentamong563patientswith acuterespiratoryinfectionenrolledatthe
outpatientdepartmentof Children'sHospital1,Ho Chi Minh City, Vietnam.X-axis:month;
Y-axis:numberof positivecaseper pathogenFluA: Influenzavirus A; FluB:Influenzavirus
B;RSVA/B: RespiratorySyncytiaVirus A and B; PIV1-4:Human parainfluenzavirusesl+4;
hRV:Human Rhinovirus;EV: EnterovirusA-D; CoV:Human CoronavirusBoV:Human
BocavirusMPV: Human MetapneumovirusPeV:Human ParechovirusAdV: 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 the out-
patientdepartmentin 2007of Children'sHospital1,Ho Chi Minh City, Vietnam,(b) List of
mostfrequentlysoldantibioticsfor outpatientusein 2007in the hospitalpharmacyof Chil-
dren'sHospital1l,Ho Chi Minh City, Vietnam.

(XLSX)

S1 Raw data.
(XLSX)
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