


NNT following skin infection was 503 (398–646) in men and 784 (602–1,051) in women; fol-

lowing UTI, the NNT was 121 (102–145) in men and 284 (241–342) in women. NNT values

were generally smaller for the period from 2014 to 2017, when sepsis was diagnosed more

frequently. Lack of random allocation to antibiotic therapy might have biased estimates;

patients may sometimes experience sepsis or receive antibiotic prescriptions without these

being recorded in primary care; recording of sepsis has increased over the study period.

Conclusions

These stratified estimates of risk help to identify groups in which antibiotic prescribing may

be more safely reduced. Risks of sepsis and benefits of antibiotics are more substantial

among older adults, persons with more advanced frailty, or following UTIs.

Author summary

Why was this study done?

· Sepsisisaseverereactionto aninfectionthatmayleadto life threateningdamageto
organsystems.Sepsisisanincreasinglyrecognisedconcernfor healthprofessionalsand
patientsin primary care.

· Inappropriateandunnecessaryantibioticprescribingisawidespreadproblemin pri-
marycarethatmaybecontributing to antimicrobialresistance.

· Thisstudyaimedto estimatetheprobabilityof apatientdevelopingsepsisafteraninfec-
tion consultationin primary careif antibioticsareor arenot prescribed.

What did the researchers do and find?

· Weanalysedtheelectronichealthrecordsof all registeredpatientsat706generalprac-
tices,with 66.2million person-yearsof follow-up from 2002to 2017and35,244first epi-
sodesof sepsis.

· Wefound that theprobabilityof sepsiswaslowerif anantibioticwasprescribed,but the
numberof antibioticprescriptionsrequiredto preventoneepisodeof sepsis(number
neededto treat[NNT]) decreasedwith age.

· Frailtywasassociatedwith greaterrisk of sepsisandlowerNNT.

· At all ages,theprobabilityof sepsiswasgreatestfor urinary tract infection,followedby
skin infection,followedby respiratorytract infection.

What do these findings mean?

· Theseresultsshowthat risksof sepsisandbenefitsof antibioticsaremoresubstantial
amongolderadults,personswith moreadvancedfrailty, or followingurinary tract
infections.
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· Antibiotic usemaybemoresafelyreducedin groupswith lowerprobabilityof sepsis.

· Wecautionthatour resultsrepresentaveragesoverdiverselocalitiesandyearsof study,
andlackof randomallocationto antibiotic therapymight havecausedbias.

Introduction

Thethreatof antimicrobialdrugresistance(AMR) isattractingtheconcernof nationalgov-
ernmentsandinternationalorganisations[1]. Antibiotic-resistantinfectionsareincreasing
andaremoreoftenidentifiedin primary careaswellashospitalsettings.In theUK, antibiotic
prescribingin primary careaccountsfor morethanthree-quartersof all antibioticuse.Respi-
ratory tract infections(RTIs)representthemostcommonreasonfor antibiotic treatment[2],
with generalpractitionersprescribingantibioticsatabouthalfof theconsultationsfor `self-
limiting' RTIs,includingcommoncolds,acutecoughandbronchitis,sorethroat,otitis media,
andrhinosinusitis[3], with little changeoverthelast2decades[4,5].Theothermain indica-
tionsfor antibioticprescriptionincludeurinary tract infections(UTIs) andskin infections
[2,6,7].TheUK governmenthasdevelopeda5-yearantimicrobialresistancestrategythat iden-
tifiesreducingunnecessaryantibioticprescribingandimprovingantibioticselectionaskey
elementsof antimicrobialstewardship[8,9].

Reducingantibioticusemight potentiallycompromisepatientsafetyby increasingtherisk
of seriousbacterialinfectionsfollowingconsultationsfor commoninfections[10]. Thesafety
of reducedantibioticprescribingisamajorconcernfor bothcliniciansandpatients[11];
parentsmayalsobeparticularlyconcernedaboutsafetyissues,whichareoftenanimportant
motivationfor seekingactivetreatmentfor children[12]. A systematicreviewof qualitative
studiesfound thatclinicianscommonlyprescribeantibiotics`justin case'theymight be
needed[13]. Basedon internationalcomparisons,with both low [14] andhigh [15] antibiotic
prescribingbeingobservedacrossEuropewithout apparentrisksto patientsafety,it appears
thatasubstantialreductionof antibioticprescribingin primary caremight bereasonable.
However,only afewexistingresearchstudiesdirectlyaddressthesafetyoutcomesof reduced
antibioticprescribingatconsultationsfor commoninfectionsin primary care.

Strategiesto reduceinappropriateuseof antibioticsmustensurethatantibioticscanbe
usedwhentheyareneeded[16,17].Bacterialinfectionsarestill of publichealthimportance,
andtherehasbeengrowingrecognitionof theimportanceof sepsis,with morethan200,000
hospitaladmissionsfor sepsiseachyearin Englandandup to 59,000deaths[18]. Earlyrecog-
nition andtreatmentof sepsisisbeingpromotedbyhealthservicesandprofessionalorganisa-
tionsthroughassessmentof risk for individual patients[19]. In theUK, aNationalEarly
WarningScore(NEWS2)basedon sixphysiologicalparametershasbeenpromotedto identify
individual patientswhomaybeat risk of sepsis[20]. However,thisapproachhasalsobeen
criticisedbecauseearlywarningsignsof sepsisareoftennonspecific,andalertingsystemsmay
resultin false-positivesignalsatmanyconsultations[21].

Researchisneededto providequantitativeestimatesof risk thatmight provideclinicians
andpatientswith evidenceto inform antibioticprescribingdecisions.Thisstudyaimedto esti-
matetheprobabilityof sepsisif antibioticswereprescribedor not andto estimatethenumber
of antibioticprescriptionsrequiredto preventoneepisodeof sepsis.Weestimatedtheproba-
bility of sepsisfor groupsof patientscharacterisedbyage,gender,andfrailty aswellasreason
for consultation.
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Methods

Ethics statement

Scientificandethicalapprovalof theprotocolwasgivenby theClinicalPracticeResearch
Datalink(CPRD)IndependentScientificAdvisoryCommittee(ISACprotocol18-041R).The
studywasbasedon analysisof fully anonymiseddata,andindividual consentwasnot
required.

Data source

Wecarriedout apopulation-basedcohortstudyin theUK CPRDGOLDdatabase,employing
datafor 2002±2017.TheCPRDGOLD(www.cprd.com)isoneof theworld'slargestdatabases
of primary careelectronichealthrecords,with participationof about7%of UK familyprac-
ticesandwith ongoingcollectionof anonymiseddatafrom 1990[22]. CPRDGOLD isconsid-
eredto begeographicallyandsociodemographically representativeof theUK population[22].
Thehighqualityof CPRDGOLDdatahasbeenconfirmedin manystudies[23]. Theprotocol
for thestudyhasbeenpublished(https://fundingawards.nihr.ac.uk/award/16/116/46).
Descriptivedatafor antibioticprescribingandgeneralpractice±levelassociationshavebeen
reportedpreviously[24]. Thisstudyis reportedaspertheStrengtheningtheReportingof
ObservationalStudiesin Epidemiology(STROBE)guideline(S1STROBEChecklist).

Sepsis events

Weascertainedsepsiseventsfrom theentireregisteredpopulationof CPRDGOLDbecause
thesearegenerallyrareevents.Incidentcasesof sepsiswereobtainedfrom CPRDGOLDfor
theyears2002±2017,with person-yearsat risk providing thedenominator.Thestartof the
patientrecordwasthelatestof 1 yearafterthepatient'scurrentregistrationdate,thedatethe
generalpracticebegancontributingup-to-standarddatato CPRDGOLD,or 1January2002.
Theendof thepatient'srecordwasdefinedastheearliestof theendof registration,the
patient'sdeathdate,or 31December2017.Themeandurationof follow-upwas6.9years.Sep-
siseventswereevaluatedusingReadcodesrecordedinto patients'clinicalandreferralrecords
[24]. Therewere77Readcodesfor sepsisandsepticaemia,but thefour mostfrequentcodes
accountedfor 92%of eventsincluding `Sepsis'(two codes),̀Septicaemia',and`Urosepsis'(S1
Table).Weincludedincident first eventsin further analyses;recurrenteventsin thesame
patientwerenot evaluatedfurther becauseit maynot alwaysbepossibleto distinguishnew
occurrencesfrom referenceto ongoingor previousproblemsin electronichealthrecords.

Foreachsepsisevent,weevaluatedwhetheraconsultationfor acommoninfectionwas
recordedwithin thepreceding30days.Weemployeda30-daytime windowwith theintention
of capturingdatafor acuteinfectionsandtheir short-termoutcomes.Weidentifiedconsulta-
tionsfor RTIs(includingupperandlowerRTIs),skin infections,andUTIs (including cystitis
anduncomplicatedUTIs only) becausethesearethemostimportant groupsof conditionsfor
whichantibioticsareprescribedin primary care[25] (S2Table).WeevaluatedReadcodesin
patients'clinicalandreferralrecordsin orderto identify consultationsassociatedwith com-
mon infections.Wealsoevaluatedwhetheranantibioticprescriptionwasissuedduring the30
daysprecedingasepsisevent,eitheron thesamedateasaninfectionconsultationor on adif-
ferentdate[24,25](S3Table).

Selection of sample for antibiotic prescribing analysis

Weestimatedinfectionconsultationratesandtheproportion of consultationswith antibiotics
prescribedfrom asampleof patientsregisteredwith CPRDGOLD.Thiswasbecauseit isnot
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feasibleto downloadandanalysedatafor themillions of recordsrepresentedbyall infection
consultationsandantibioticprescriptionsover16years[24]. A randomsampleof patients
wasdrawnfrom thelist of all registeredpatients,stratifyingbyyearbetween2002and2017
andby family practice.The`sample'commandin theRprogrammewasemployedto provide
acomputer-generatedrandomsequence.In eachyearof study,asampleof 10patientswas
takenfor eachgenderandagegroupusing5-yearagegroupsup to amaximumof 104years.
Eachsampledpatientcontributeddatain multiple yearsof follow-up.Therewasatotal
sampleof 671,830individual patientsregisteredatatotalof 706familypracticeswhocontrib-
utedperson-yearsbetween2002and2017.Thesamplingdesignenabledestimationof all age-
specificrateswith similarprecision,andage-standardisationprovidedweightingsacrossage
groups.Datafor antibioticprescribingin thissamplehavebeenreportedpreviously[24] (S4
Table).

Foreachpatientin theantibioticprescribingsample,wecalculatedtheperson-yearsat risk
betweenthestartandendof thepatient'srecord.Person-yearswasgroupedbygender,age
group,andcomorbidity.Agegroupswerefrom 0 to 4,5 to 9,and10to 14yearsandthen
10-yearagegroupsup to 85yearsandover.InfectionconsultationswereevaluatedusingRead
codesasoutlinedabove.Antibiotic prescriptionswereevaluatedusingproductcodesfor anti-
bioticslistedin section5.1of theBritishNationalFormulary,excludingmethenamineand
drugsfor tuberculosisandleprosy.Differentantibioticclassesandantibioticdoseswerenot
consideredfurther in thisanalysis.Multiple antibioticprescriptionrecordson thesameday
wereconsideredasasingleantibioticprescription.

Evaluation of frailty

WeusedClegg'se-FrailtyIndexto evaluatefrailty level[26]. Thee-FrailtyIndexincludes36
deficits,whichareevaluatedaspresentor absentbasedon Read-codedelectronichealthrec-
ords.Patientswereclassifiedasbeing`nonfrail'or having`mild', `moderate',or `severe'frailty
basedon thenumberof deficitsrecorded.Weevaluatedfrailty for eachpatientin eachcalen-
daryearof study[27] in orderto provideafrailty estimatefor theindexyearof eachsepsisepi-
sode.Wealsoestimatedconsultationratesandantibioticprescribingproportionsby frailty
categoryfor theantibioticprescribingsample.Asfull electronichealthrecorddatawerenot
availablefor theentireCPRDGOLDdenominator,weallocatedperson-yearsto frailty catego-
riesusingtheproportion in eachfrailty categorythatweobservedin theantibioticprescribing
sample.Althoughtheconceptof frailty maybeappliedatanyage,frailty wasonly evaluated
from 55yearsandolderbecausemostpatientsundertheageof 55yearswereclassedasnonf-
rail or ashavingonly mild frailty (S5Table).

Decision tree

In orderto evaluatetheprobabilityof sepsisfollowinganinfectionconsultationin primary
care,weconstructedadecisiontree(Fig1) [28]. An individual developinganinfectionmay
decideto consulttheir generalpracticeor not; if theyconsult,theymaybeprescribedantibiot-
icsor not; subsequently,theymaydevelopsepsisor not. Weusedestimatesfrom CPRDdata
analysisto populatethedecisiontreewith empiricalestimatesfor probabilitiesasoutlinedin
Table1.WeusedBayes'theoremto estimatetheprobabilityof sepsisfollowinganinfection
consultationif antibioticswereprescribedor if antibioticswerenot prescribed.Weestimated
the`numberneededto treat'(NNT), thenumberof antibioticprescriptionsrequiredto pre-
ventonesepsisevent,asthereciprocalof thedifferencein probabilityof sepsiswith andwith-
out antibiotics.Weobtainedcentralestimatesand95%uncertaintyintervalsfrom 10,000
randomdrawsfrom thebetadistribution [29]. All estimateswerestratifiedbygenderand
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10-yearagegroup.For thepopulationaged55yearsandolder,wealsostratifiedby frailty cate-
gory.Wealsoevaluatedsubgroupsof commoninfections,includingRTI, skin infections,and
UTI.

Fig 1. Decision tree showing the probability of a patient consulting for an infection, being prescribed an antibiotic at that consultation, and developing sepsis.

Pleasereferto Table1 for explanation of abbreviations. AB,antibiotic;P,probability.

https://doi.org/10.1371/journal.pmed.1003202.g001

Table 1. Definition and data source for probabilities.

Term Explanation Data source

P(Infection) Probability of apersonconsultingwith
infectionin a30-dayperiod

Frominfectionconsultation rateper30daysin
sampleddatasetfrom CPRD

P(AB|
Infection)

Probability of receivinganAB
prescription on thesamedateasan
infectionconsultation

Fromproportion of infectionconsultationswith AB
prescribedin sampleddatasetfrom CPRD

P(Sepsis) Probability of sepsis,per30days Fromincidenceof sepsisfrom entireregisteredCPRD
population

P(Infection|
Sepsis)

Probability of patientswith sepsis
havingconsultedfor aninfectionin 30
daysprecedingtheir sepsisdiagnosis

Proportionof sepsiscaseswith previousinfection
consultation, calculatedfrom entireregisteredCPRD
population

P(Sepsis|
Infection)

Probability of sepsisin the30days
followinganinfectionconsultation

PðInfectionjSepsisÞ PðSepsisÞ
PðInfectionÞ

P(Sepsis| [AB |
Infection])

Probability of sepsishavingconsulted
for aninfectionandreceivedanAB
prescription

Pð½ABjInfection�jSepsisÞPð½SepsisjInfection�Þ
PðABjInfectionÞ

P(Sepsis|
[NoAB |
Infection])

Probability of sepsishavingconsulted
for aninfectionandnot receivedanAB
prescription

Pð½NoABjInfection�jSepsisÞPð½SepsisjInfection�Þ
PðNoABjInfectionÞ

NNT Thenumberof additional antibiotic
prescriptionsrequiredto preventone
caseof sepsis

1

PðSepsisj½ABjInfection�Þ� PðSepsisj½No ABjInfection�Þ

Abbreviations:AB,antibiotic;CPRD,ClinicalPracticeResearch Datalink;NNT, numberneededto treat;P,

probability

https://doi.org/10.1371/journal.pmed.1003202.t001
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Sensitivity analyses

In sensitivityanalyses,weevaluatedwhetheruseof a60-daytime windowgavedifferentresults
from a30-daytime window.Theprimary analysisreporteddatafor a16-yearperiod,but the
incidenceof recordedsepsishasbeenincreasing[24]. Werepeatedtheanalysisusingonly data
for 4-yearperiodsfrom 2002±2005to 2014±2017to evaluatewhetherestimatesdifferedfrom
thewholeperiodfrom 2002to 2017.Wealsoinvestigatedwhetherestimatesdifferedif sepsis
diagnosesrecordedin HospitalEpisodeStatistics(HES)or ascausesof deathon mortality cer-
tificateswereincluded.Thesamplefor linkagewasobtainedfrom CPRD(LinkageSet16).The
linkedsampleincludeddatafor 378Englishgeneralpractices,with 5,524,983patientsprovid-
ing primary careelectronicrecordsdatalinked to HESandmortality statistics.Wesearched
for ICD-10codesfor sepsisandsepticaemia.Weincludedprimary diagnosesfrom HES-
admittedpatientcarerecordsandall mentionsof sepsisin mortality statisticsdata.We
repeatedanalysesusingprimary careelectronichealthrecordsalone,primary careelectronic
healthrecordswith linkedHESdata,or primary careelectronichealthrecordswith linked
HESandmortality data.

Results

Thestudyincluded706generalpractices,with atotalof 66.2million person-yearsof follow-up
(S1Fig).Datafor thedistribution of sepsispatientsbyageandgenderareshownin Table2;
databy regionandperiodareshownin S3Table.Theprobabilityof aconsultationwith acom-
mon infectionof theskin,RTI, or UTI in any30-dayperiodrangedbetween0.02(1 in 50)and
0.08(1 in 12).Thisprobabilityof aninfectionconsultationwashigherin childrenandold

Table 2. First sepsis events recorded in CPRD from 2002 to 2017 and preceding infection consultations and AB prescriptions.

Gender Age group

(years)

Sepsis

events

Infection consultations in

previous 30 days

Proportion (%) of sepsis events

preceded by infection consultations

AB prescriptions on

same date

Proportion (%) of infection

consultations with ABs prescribed

Male 0±4 224 51 22.8 11 21.6

5±14 303 48 15.8 6 12.5

15±24 360 59 16.4 21 35.6

25±34 449 78 17.4 18 23.1

35±44 791 117 14.8 24 20.5

45±54 1,342 241 18.0 47 19.5

55±64 2,466 472 19.1 102 21.6

65±74 3,933 724 18.4 155 21.4

75±84 4,752 1,089 22.9 256 23.5

85+ 2,738 713 26.0 158 22.2

Female 0±4 204 55 27.0 12 21.8

5±14 238 32 13.4 9 28.1

15±24 500 76 15.2 24 31.6

25±34 806 110 13.6 38 34.5

35±44 1,095 175 16.0 41 23.4

45±54 1,631 267 16.4 72 27.0

55±64 2,443 445 18.2 119 26.7

65±74 3,215 646 20.1 180 27.9

75±84 3,982 890 22.4 204 22.9

85+ 3,772 984 26.1 222 22.6

Abbreviations:AB,antibiotic;CPRD, ClinicalPracticeResearchDatalink

https://doi.org/10.1371/journal.pmed.1003202.t002
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peopleandgreaterin womenthanmenduring midlife (Tables2and3).Theprobabilityof an
antibioticbeingprescribedataninfectionconsultationrangedbetween0.43and0.67,with the
probabilitybeinglowestfor youngchildrenin whomconsultationratesarehighest(Table3).

Therewere35,244first episodesof sepsisbetween2002and2017.Theprobabilityof an
infectionconsultationwithin 30daysbeforeasepsiseventrangedbetween0.14(1 in 7) and
0.26(1 in 4),with highervaluesat theextremesof age(Table3).If no antibioticwasprescribed,
theprobabilityof sepsisatage0±4yearswas0.000054(1 in 18,519consultations)in malesand
0.000060(1 in 16,667)in females.Theprobabilityof sepsisfollowinganinfectionconsultation
without antibioticsincreasedlinearlywith ageon alogscale(Fig2,upperpanel),reaching
0.004647(1 in 215consultations)in malesand0.003110(1 in 321consultations)in females
aged85yearsandolder(Table3). If antibioticswereprescribedataninfectionconsultation,
theestimatedprobabilityof sepsiswaslower,rangingfrom 0.000020(1 in 50,000consulta-
tions) in malesand0.000023(1 in 43,478consultations)in femalesatage0±4yearsandto
0.000833(1 in 1,200consultations)in malesand0.000509(1 in 1,965consultations)in females
aged85yearsandolder.Thenumberof antibioticprescriptionsrequiredto preventonesepsis
eventwashighlyagedependent(Fig2,lowerpanel).Forchildrenaged0±4years,theNNT
was29,773(18,458±71,091)in malesand27,014(16,739±65,709)in females.However,atage
85yearsandolder,theNNT was262(236±293)in malesand385(352±421)in females.

In thepopulationaged55yearsandolder,estimateswereobtainedseparatelyby frailty cat-
egory(Fig3,S7Table).Theprobabilityof sepsiswasgreater,andtheNNT smaller,for patients
with moreadvancedfrailty. Fornonfrail patientsaged65±74years,theNNT was1,680(1,354±
2,133)for menand2,718(2,089±3,697)for women.But for patientsof thesameagewith
severefrailty, theNNT was259(196to 360)for menand438(329to 624)for women.For
patientswith severefrailty, theNNT waslessthan250in menandlessthan400in womenfor
all agegroupsover55years.Fornonfrail patients,theprobabilityof sepsisincreased,andthe
NNT decreased,with increasingage(Fig3). In nonfrail patients,theNNT declinedfrom 2,309
(1,890±2,879)in menand3,782(3,001±4,907)in womenat55±64yearsold to 407(274±677)
in menand499(346±780)for womenat85yearsandolder.Estimatesfor patientswith mild
or moderatefrailty exhibitedanintermediatepattern(Fig3).

Theprobabilityof sepsiswashigherfollowingconsultationsfor UTI thanfor skin infections
or RTI, apatternof associationthatwasobservedacrossall agegroupsandmenandwomen
(Fig4,S8Table).Forpatientsaged65without antibiotic treatment,theprobabilityof sepsis
followinganRTI consultationwas0.00090(1 in 1,111consultations)in menand0.00053(1 in
1,887consultations)in women;followingaskin infectionconsultation,theprobabilitywas
0.00224(1 in 446)in menand0.00150(1 in 667)in women;followingaUTI consultation,the
probabilitywas0.009227(1 in 108)in menand0.003787(1 in 264)in women.At thesame
age,thecorrespondingnumbersneededto treatwereasfollows:for RTI, theNNT for men
was1,257(1,112±1,434),andtheNNT for womenwas2,278(1,965±2,686);for skin infection,
theNNT for menwas502(398±646),andtheNNT for womenwas784(602±1,051);for UTI
consultations,theNNT for menwas120(102±145),andtheNNT for womenwas284(241±
342)(Fig4).

Sensitivity analyses

An analysisemployinga60-daytime windowto evaluateexposuregavegenerallysimilar
resultsto thoseusinga30-daytime window.In menaged85andover,theNNT for all infec-
tionswas262(236±293)with a30-daytime windowbut 313(276±359)with a60-daywindow;
for womenof thesameage,thefigureswere385(352±421)and466(419±523),respectively.
Whentheanalysisresultswerecomparedfor the4-yearperiodsfrom 2002±2005to 2014±

PLOS MEDICINE Probability of sepsis in primary care

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003202 July 23, 2020 8 / 17

https://doi.org/10.1371/journal.pmed.1003202


Table 3. Probability of sepsis after infection consultations in primary care.

Probability of. . .

Infection

consultation per 30

days

First sepsis event

in any 30-day

period

Infection consultation

30 days before sepsis

event

AB at infection

consultation

Sepsis after infection

consultation, no AB

Sepsis after infection

consultation, AB

Gender Age

(years)

P(Infection) P(Sepsis) P(Infection | Sepsis) P(AB | Infection) P(Sepsis | [No AB |

Infection])

P(Sepsis | [AB |

Infection])

NNT (95%

UI)

Male 0±4 0.08 0.000014 0.23 0.43 0.000054 0.000020 29,773
(18,458±
71,091)

5±14 0.04 0.000006 0.16 0.48 0.000047 0.000008 25,606
(17,962±
40,817)

15±24 0.02 0.000008 0.17 0.58 0.000101 0.000041 16,921
(10,285±
39,551)

25±34 0.02 0.000009 0.17 0.60 0.000193 0.000039 6,517
(4,779±
9,522)

35±44 0.02 0.000013 0.15 0.62 0.000239 0.000039 5,035
(3,980±
6,610)

45±54 0.02 0.000022 0.18 0.62 0.000472 0.000071 2,497
(2,121±
2,999)

55±64 0.02 0.000048 0.19 0.63 0.000825 0.000135 1,449
(1,282±
1,652)

65±74 0.03 0.000105 0.18 0.64 0.001305 0.000202 907(823±
1,007)

75±84 0.04 0.000219 0.23 0.63 0.002700 0.000478 450(413±
492)

85+ 0.05 0.000416 0.26 0.61 0.004647 0.000833 262(236±
293)

Female 0±4 0.08 0.000014 0.27 0.43 0.000060 0.000023 27,014
(16,739±
65,709)

5±14 0.04 0.000005 0.14 0.51 0.000025 0.000010 65,522
(35,239±
240,067)

15±24 0.04 0.000012 0.15 0.61 0.000080 0.000024 18,120
(12,472±
30,241)

25±34 0.04 0.000016 0.14 0.63 0.000105 0.000033 13,926
(10,044±
21,273)

35±44 0.04 0.000018 0.16 0.66 0.000184 0.000030 6,513
(5,349±
8,194)

45±54 0.03 0.000028 0.16 0.66 0.000278 0.000054 4,463
(3,756±
5,421)

55±64 0.04 0.000048 0.18 0.67 0.000490 0.000088 2,486
(2,179±
2,876)

65±74 0.04 0.000080 0.20 0.67 0.000793 0.000151 1,557
(1,388±
1,758)

(Continued )
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Table 3. (Continued)

Probability of. . .

Infection

consultation per 30

days

First sepsis event

in any 30-day

period

Infection consultation

30 days before sepsis

event

AB at infection

consultation

Sepsis after infection

consultation, no AB

Sepsis after infection

consultation, AB

Gender Age

(years)

P(Infection) P(Sepsis) P(Infection | Sepsis) P(AB | Infection) P(Sepsis | [No AB |

Infection])

P(Sepsis | [AB |

Infection])

NNT (95%

UI)

75±84 0.05 0.000138 0.22 0.66 0.001525 0.000231 773(705±
847)

85+ 0.05 0.000271 0.26 0.64 0.003110 0.000509 385(352±
421)

Abbreviations:AB,antibiotic;NNT, numberneededto treat;P,probability;UI, uncertaintyinterval

https://doi.org/10.1371/journal.pmed.1003202.t003

Fig 2. Probability of sepsis following infection consultations in primary care if ABs are prescribed or not (upper panel).

Numberof antibioticprescriptionsrequiredto preventonesepsisevent(NNT) (lowerpanel).Figuresaremedianprobabilities
(95%uncertaintyinterval).AB,antibiotic;NNT, numberneededto treat.

https://doi.org/10.1371/journal.pmed.1003202.g002
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2017,estimatesfor theprobabilityof sepsiswereslightlyhigher,andNNT slightlylower,for
themostrecentperiod(S2Fig),consistentwith thehigherreportedincidenceof sepsisin this
period(S9Table).In theoldestagegroup,from 85yearsandover,theprobabilityof sepsis
without antibioticswasasfollows:for 2014±2017,theprobabilityfor menwas0.007287,and
theprobabilityfor womenwas0.004775;with antibiotics,theprobabilityfor menwas
0.001290,andtheprobabilityfor womenwas0.000839;theNNT for menwas167(141±202),
andtheNNT for womenwas254(216±302).

Fig 3. Number of antibiotic prescriptions required to prevent one sepsis event (NNT) following infection consultations in

primary care by frailty level, gender, and age group. Figuresaremedianestimates(95%uncertainty interval).NNT, number
neededto treat.

https://doi.org/10.1371/journal.pmed.1003202.g003

Fig 4. Number of antibiotic prescriptions required to prevent one sepsis event (NNT) by age group, gender, and type of

infection consultation. Figuresaremedianestimates(95%uncertaintyinterval).Uncertainty intervalswereomittedfor 0±4years
and5±9yearsif dataweretoo sparseto givereliableestimates.NNT, numberneededto treat;RTI, respiratorytract infection;UTI,
urinary tract infection.

https://doi.org/10.1371/journal.pmed.1003202.g004
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In thelinked sample,therewere42,785first sepsiseventsacrossall threedatasources,
including17,341from primary carerecords,17,363from HESadmittedpatientcare(APC)
primary diagnoses,and8,081from Officefor NationalStatistics(ONS)mortality recordsdur-
ing 36.2million patient-yearsof follow-up.Accordingly,theunderlyingprobabilityof sepsis
wasgreaterwhenlinked recordswereemployed.However,sepsiseventsin HESandONS
mortality statisticswerelessfrequentlyassociatedwith precedinginfectionconsultationsin
generalpractice(S3Fig).Consequently,theprobabilityof sepsisfollowinganinfectionconsul-
tation wasonly slightlyhigherif linkeddatawereincludedin theanalysis(S4Fig),andtheesti-
matedNNT wasonly slightlylower(S5Fig).

Discussion

Main findings

Thisstudyanalysedprimary careelectronichealthrecordsdatafor alargepopulationfollowed
for 16yearswith 35,244newsepsisevents.Wefound that theprobabilityof sepsisfollowing
consultationfor commoninfectionepisodesin primary careishighlyagedependent.Without
antibiotic treatment,sepsismayfollow lessthan1 in 10,000infectionconsultationsunder25
yearsof ageandlessthan1 in 1,000consultationsunder65yearsof age.Theprobabilityof sep-
sisincreasesatolderages,andsepsismayfollow approximately1 in 200(men)or 1 in 300
(women)consultationsatage85or older.At olderages,theprobabilityof sepsisisalsohighly
dependenton frailty level:55-year-oldswith severefrailty haveasimilarprobabilityof sepsis
asanonfrail 85-year-old.Theprobabilityof sepsisis relatedto infectiontype,with thegreatest
probabilityfollowingconsultationsfor UTI, theleastfor RTI, andconsultationsfor skin infec-
tionsbeingin anintermediateposition.Risksweregenerallyslightlyhigherfor men,which
might beaccountedfor by their generallylowerconsultationrates.

Theincidenceof recordedsepsishasbeenincreasingovertime with moreinclusivecase
definitionsandincreasingawarenessof thecondition [24,30].Whenweestimatedthemain
resultsfor theperiodfrom 2014to 2017,theprobabilityof sepsiswashigherandNNT lower
thanfor theperiodfrom 2002to 2017.Althoughwecautionthat theabsolutevaluesof esti-
matesmayvarydependingon thetemporalor geographicalcontext,weexpectthat in relative
termsestimateswill continueto identify olderage,frailty, andUTI consultationsasbeingasso-
ciatedwith greatestrisksof sepsis.

Sepsisisanuncommonbut concerningoutcomeof commoninfectionepisodesin primary
care.Appropriateantibiotic therapymayhaveimmediatebenefitsthatarenot restrictedto
reductionin risk of sepsis,but antibioticprescriptionsarealsooftenassociatedwith immediate
harmsin theform of drugsideeffects.Thepotentialrisk of antimicrobialresistancehasasig-
nificancethatextendsbeyondthecontextof anindividual consultation.Prescribingdecisions
mustthereforebeinformedby thebalanceof all of thebenefitsandharmsof eitherprescribing
or not prescribingantibiotics.Quantificationof thepossiblerisksof sepsiscontributesto
informing thesedecisions.

Strengths and limitations

Thestudydrewon alargepopulation-basedcohort,enablingusto analyserepresentativedata
andobtainpreciseestimatesthatmaybewidelyapplicable.However,electronichealthrecords
compriseclinicaldatawith severallimitationsandpotentialfor bias.Weanalysedtheout-
comesof clinicaldecisionson whetherto prescribeantibioticsor not. In theabsenceof rando-
misation,it maybeexpectedthatantibioticswereprescribedto individualsathigherrisk,
whereaslower-riskpatientsmaybelesslikely to beprescribedantibiotics.Consequently,the
probabilityof sepsismaybeunderestimated(in comparisonwith astudyemployingrandom
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allocation)in theabsenceof antibioticsandoverestimatedfor patientsreceivingantibiotics,
with theNNT beingoverestimated.However,theanalysisdependedon generalpracticeelec-
tronic healthrecordsof antibioticprescriptions,whichaccountfor about85%of community
antibioticprescribing[2], but wecannotexcludethepossibilitythatpatientsmight have
obtainedantibioticprescriptionsfrom alternativesources,includingout-of-hoursservices.
Measuresof illnessseverityarerarelyrecordedfor commoninfectionconsultationsin primary
care,soit wasnot possibleto adjustfor illnessseverityin analyses.It isalsoestablishedthatnot
all infectionconsultationsin primary carearecorrectlycoded,leadingto underestimationof
consultationrates[7]. Weincludeddatafrom 706generalpracticesovera16-yearperiod.
Infectionconsultationandantibioticprescribingrateswereestimatedfrom sampledata.The
estimatesin thispaperrepresentaveragevaluesfor thispopulationof generalpracticesand
periodof time.However,weconductedasensitivityanalysiswith datafrom 2014to 2017only.
Wealsoacknowledgethat in addition to changesin overallantibioticutilisation,therehave
beenchangesin theproportion of prescriptionsfor broad-spectrumantibiotics.Futurestudies
might bedesignedto comparetheprobabilityof sepsisif broad-spectrumor narrow-spectrum
antibioticsareprescribed.Thesampledesignusedto estimateinfectionconsultationratesand
antibioticprescribingproportionsgaveeachpractice,andeachstudyyear,equalweight,but
wecouldhaveweightedthesamplebypracticesize.

Weanalyseddatafor infectionconsultationsin primary careandcomparedoutcomesif
antibioticswereor werenot prescribed.However,previousstudiesshowedthatantibioticsmay
beprescribedatconsultationswith no definitediagnosisrecorded[7,25].Wedid not include
theseprescriptionsbecausetherewasno validcomparatorin termsof consultationswithout
antibioticprescriptions,but conclusionsmight havedifferedif missingdiagnosisinformation
hadbeencomplete.Wecautionthat theprecisevaluesof theseestimatesmaybeexpectedto
varyin differentlocalcontextsandaccordingto thetypesof infectioncirculatingin acommu-
nity atagiventime.Wedid not employtheapproachof null hypothesissignificancetestingand
do not reportP values.Weevaluatedassociationmodificationbyage,gender,frailty level,and
consultationtype.Weemployedthee-FrailtyIndex,whichisawell-describedmeasurebased
on 36deficits[26], althoughwealsoappliedit in theagerangeof 55±64years,in which it is less
welldocumented.Weestimatedstratifiedvaluesfor broadgroupsof patients,definedin terms
of age,gender,andfrailty. Wedid not estimatepersonalisedrisksfor individual patients,and
theclinicalcircumstancesin eachspecificconsultationshouldbeusedto inform estimatesof
sepsisrisk for individuals.Wereliedon clinicalrecordsof sepsisfrom generalpractice,but we
cannotbesurethatall sepsiseventswerecommunityratherthanhospitalacquired.In theUK,
patientsregisterwith afamilypracticefor continuingcare,but patientsmayutiliseemergency
andout-of-hoursservicesfor acuteproblemssuchassepsis,andtheseeventsmight not becap-
turedin primary carerecords.Providersmayvaryin their useof theterm`sepsis',whichisan
intermediatecondition linking aninfectionandorgandamageconsequenton infection.The
selectionof clinical termsandmedicalcodesisat thediscretionof clinicalstaff,leadingto lack
of datastandardisation.Theconditionsidentifiedas`sepsis'mayrepresentarangeof disease
severity,andprobabilityestimatesmight beproportionatelylowerif only severesepsiswas
included.However,byusinglinkeddata,weshowedthat inclusionof hospitalepisodesand
mortality recordsdid not leadto anyimportant changesin conclusions.Furtherresearchis
neededto refine,update,andimprovetheaccuracyof theseinitial estimates.

Comparison with other studies

Therehasbeenatrend towardmore-frequentrecordingof sepsisin recentyears,andthishas
not alwaysbeenaccompaniedbyevidenceof increasedbloodstreaminfections.In an
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interruptedtime seriesanalysis,Balinskaiteandcolleagues[31] foundno evidencethatantimi-
crobialstewardshipinterventionsin theUK might beassociatedwith increasedratesof sepsis.
In anecologicalanalysis[24], wedid not find evidencethatgeneralpracticeswith lowerantibi-
otic prescribingmight havegreaterrisk of sepsisoverthesameperiodof time andin thesame
practicesaswereincludedin thepresentstudy.Gharbiandcolleagues[32] found that in older
adultspresentingwith UTI, therewasincreasedrisk of sepsisif antibioticprescriptionswere
not givenor weredelayed.Thepresentresultsextendthesefindingsbyestimatingrisksacross
all ages,differentlevelsof frailty, anddifferenttypesof infectionconsultations.Thelackof
consistencybetweenestimatesfrom ecological-andindividual-levelanalysesis likely to be
explainedby thesubstantialproportion of patientswith sepsiswhopresentwithout preceding
infectionconsultationsin primary care,aswellasthesmallproportion of higher-riskconsulta-
tionsthatarenot associatedwith antibioticprescriptions.RTI consultationsareextremelyfre-
quent,whichmayaccountfor thelowerprobabilityof associatedsepsis.Respiratoryinfections
areoftentheresultof virus infections,andcliniciansmaytendto reservetheterm `sepsis'for
bacterialinfections.WeevaluateduncomplicatedlowerUTIs,but estimatesfor theprobability
of sepsismight havebeenhigherif kidneyinfectionshadbeenincluded.

Conclusions

Thispaperquantifiestherisk of sepsisfollowingcommoninfectionconsultationsin primary
care.Thesemaybeusedin antimicrobialstewardshipto identify groupsof consultationsat
whichreductionof antibioticprescribingcanbepursuedmoresafely.Theestimatesshowthat
risksof sepsisandbenefitsof antibioticsaregenerallymoresubstantialamongolderadults,
personswith moreadvancedfrailty, or followingUTI.
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