


PLOS MEDICINE

Probability of sepsis in primary care

CPRDndependercientificAdvisoryCommittee
(ISAC¢ontactviaisac@mta.gov.ukfor
researchis whomeetthecriteriafor acces¢o
confidenialdata. Thedataunderlyingheresults
presentedh thestudyareavailablédromthe
ClinicaPracticeReseari Datalin{CPRD,
cprdenquigs@mhra.gouk).

Funding:Thestudyis fundedby theNational
Institutefor HealthResearclNIHR)Health
ServiceandDeliveryProgramme16-116-46)
Thefunderof thestudyhadnorolein study
designdatacollectiondataanalysisdata
interpretatin, or writingof thereport.

Competingnterests Theauthorshavedeclared
thatno competingnterestsexist.

Abbreviatbns: AMR antimicrdialdrug
resistanceAPCadmittecpatientcare; CPRD,
ClinicaPracticeReseark DatalinkHES Hospital
EpisodeStatistics]SACIndependet Scientific
AdvisoryCommitte; NEWS2\ationaEarly
WarningScoreNNTnumbemeededo treat;
ONSOfficefor NationaBtatisticsR Tl respiratoy
tractinfectionSTROBEStrengthenigthe
Reportingf Observation&tudiesn
Epidemiolog Ul, uncertaintyntervalUTI,urinary
tractinfection..

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?

- Sepsiss asevergeactionto aninfectionthat mayleadto life threateningdamageo
organsystemsSepsiss anincreasinglyrecogniseadoncernfor healthprofessionaland
patientsin primary care.

- Inappropriateandunnecessargntibiotic prescribingis awidespreagroblemin pri-
mary carethat maybecontributing to antimicrobialresistance.

- Thisstudyaimedto estimatethe probability of a patientdevelopingsepsisafteraninfec-
tion consultationin primary careif antibioticsareor arenot prescribed.

What did the researchers do and find?

- We analysedhe electronichealthrecordsof all registerechatientsat 706generaprac-
tices,with 66.2million person-yearsf follow-up from 2002to 2017and35,244irst epi-
sodeof sepsis.

- Wefoundthatthe probability of sepsisvaslowerif anantibiotic wasprescribedput the
numberof antibiotic prescriptionsgrequiredto preventoneepisodeof sepsignumber
neededo treat[NNT]) decreasedith age.

- Frailtywasassociatewvith greaterrisk of sepsiandlower NNT.

- At all agesthe probability of sepsisvasgreatesfor urinary tractinfection,followedby
skininfection,followedby respiratorytractinfection.

What do these findings mean?

- Theseaesultsshowthat risksof sepsignd benefitsof antibioticsaremore substantial
amongolderadults,personsvith moreadvancedrailty, or following urinary tract
infections.
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- Antibiotic usemaybemoresafelyreducedn groupswith lower probability of sepsis.

- We cautionthat our resultsrepresentiveragesverdiversdocalitiesand yearsof study,
andlackof randomallocationto antibiotic therapymight havecausedias.

Introduction

Thethreatof antimicrobialdrug resistancé AMR) is attractingthe concernof nationalgov-
ernmentsandinternationalorganisationgl]. Antibiotic-resistantinfectionsareincreasing
andaremoreoftenidentifiedin primary careaswell ashospitalsettingsIn the UK, antibiotic
prescribingin primary careaccountfor morethanthree-quarter®f all antibiotic use Respi-
ratory tractinfections(RTIs) representhe mostcommonreasorfor antibiotic treatment[2],
with generabractitionersprescribingantibioticsat abouthalf of the consultationgor “self-
limiting' RTIs,includingcommoncolds,acutecoughandbronchitis,sorethroat, otitis media,
andrhinosinusitis[3], with little changeoverthelast2 decade$4,5]. The othermainindica-
tions for antibiotic prescriptionincludeurinary tractinfections(UTIs) and skininfections
[2,6,7].TheUK governmenhasdeveloped 5-yearantimicrobialresistancetrategythatiden-
tifiesreducingunnecessargntibiotic prescribingandimproving antibiotic selectioraskey
elementof antimicrobialstewardshig8,9].

Reducingantibiotic usemight potentiallycompromisepatientsafetyby increasingherisk
of serioushacterialinfectionsfollowing consultationdor commoninfections[10]. The safety
of reducedantibiotic prescribingis amajor concernfor both cliniciansand patients[11];
parentsmayalsobe particularlyconcernedaboutsafetyissueswhich areoftenanimportant
motivationfor seekingactivetreatmentfor children[12]. A systematiceviewof qualitative
studiesfound that clinicianscommonlyprescribeantibiotics justin casetheymight be
needed13]. Basedn internationalcomparisonsyith both low [14] and high [15] antibiotic
prescribingbeingobservedcrosEuropewithout apparentisksto patientsafetyjt appears
thatasubstantiateductionof antibiotic prescribingin primary caremight bereasonable.
Howeveronly afewexistingresearctstudiesdirectly addresshe safetyoutcomesof reduced
antibiotic prescribingat consultationdor commoninfectionsin primary care.

Strategie$o reduceinappropriateuseof antibioticsmustensurethat antibioticscanbe
usedwhentheyareneeded16,17].Bacteriainfectionsarestill of public healthimportance,
andtherehasbeengrowingrecognitionof theimportanceof sepsiswith morethan 200,000
hospitaladmissiongor sepsigachyearin Englandandup to 59,000eathq18]. Earlyrecog-
nition andtreatmentof sepsiss beingpromotedby healthservicesnd professionabrganisa-
tionsthroughassessmeraf risk for individual patients[19]. In the UK, aNational Early
Warning Scorg(NEWS2)basedn six physiologicaparameterdiasbeenpromotedto identify
individual patientswho maybeatrisk of sepsig20]. However this approachhasalsobeen
criticisedbecausearlywarningsignsof sepsisareoften nonspecificandalertingsystemsnay
resultin false-positivesignalsatmanyconsultationg21].

Researcls neededo providequantitativeestimate®f risk that might provideclinicians
andpatientswith evidenceo inform antibiotic prescribingdecisionsThis studyaimedto esti-
matethe probability of sepsisf antibioticswereprescribedr not andto estimatehe number
of antibiotic prescriptionsrequiredto preventoneepisodeof sepsisWe estimatedhe proba-
bility of sepsidor groupsof patientscharacterisethy age gender andfrailty aswell asreason
for consultation.
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Methods
Ethics statement

Scientificand ethicalapprovalof the protocolwasgivenby the Clinical PracticeResearch
Datalink (CPRD)IndependentScientificAdvisoryCommittee(ISAC protocol 18-041R)The
studywasbasedn analysif fully anonymisediata,andindividual consentwasnot
required.

Data source

We carriedout apopulation-basedohortstudyin the UK CPRDGOLD databasesmploying
datafor 2002+2017The CPRDGOLD (www.cprd.com)s oneof theworld'slargestdatabases
of primary careelectronichealthrecordswith participationof about7%of UK family prac-
ticesandwith ongoingcollectionof anonymisediatafrom 1990[22]. CPRDGOLD is consid-
eredto begeographicallandsociodemographichi representativef the UK population[22].
Thehigh quality of CPRDGOLD datahasbeenconfirmedin manystudieq23]. The protocol
for the studyhasbeenpublished(https://fundingawards.iinr.ac.uk/award/16/116/46).
Descriptivedatafor antibiotic prescribingandgenerapracticexlevehssociationkavebeen
reportedpreviously[24]. This studyis reportedasperthe Strengtheninghe Reportingof
ObservationaGtudiesn Epidemiology(STROBE}uideline(S1STROBEChecklist).

Sepsis events

We ascertainedepsigventfrom the entireregisteregopulationof CPRDGOLD because
thesearegenerallyrareeventsincident case®f sepsisvereobtainedfrom CPRDGOLD for
theyears2002+201Ayvith person-yearatrisk providing the denominator.Thestartof the
patientrecordwasthe latestof 1 yearafterthe patient'scurrentregistrationdate the datethe
generapracticebegancontributing up-to-standarddatato CPRDGOLD, or 1 January2002.
Theendof the patient'srecordwasdefinedasthe earliesiof the end of registration the
patient'sdeathdate,or 31 Decembef017.Themeanduration of follow-up was6.9years Sep-
siseventsvereevaluatedisingReadcodesrecordedinto patients'clinicalandreferralrecords
[24]. Therewere77Readcodedor sepsisnd septicaemiayut the four mostfrequentcodes
accountedor 92%of eventdncluding Sepsigtwo codes), Septicaemiagnd "UrosepsigS1
Table).Weincludedincidentfirst eventdn further analysesecurrenteventsn the same
patientwerenot evaluatedurther becausé& maynot alwayse possiblgo distinguishnew
occurrence$rom referencedo ongoingor previousproblemsin electronichealthrecords.

For eachsepsigventweevaluatedvhethera consultationfor acommoninfectionwas
recordedwithin the preceding30days We employeda 30-daytime window with theintention
of capturingdatafor acuteinfectionsandtheir short-termoutcomesWe identified consulta-
tionsfor RTIs(including upperandlowerRTIs),skin infections,and UTIs (including cystitis
anduncomplicatedJTIs only) becaus¢éhesearethe mostimportant groupsof conditionsfor
whichantibioticsareprescribedn primary care[25] (S2Table).We evaluatedReadcodesn
patients'clinicalandreferralrecordsin orderto identify consultationsassociate@ith com-
mon infections.We alsoevaluatedvhetheran antibiotic prescriptionwasissuedduring the 30
daysprecedinga sepsigventeitheron the samedateasan infection consultationor on adif-
ferentdate[24,25](S3Table).

Selection of sample for antibiotic prescribing analysis

We estimatednfection consultationratesandthe proportion of consultationswith antibiotics
prescribedrom asampleof patientsregisteredvith CPRDGOLD. Thiswasbecausd is not
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feasibleéo downloadandanalysealatafor the millions of recordsrepresentedby all infection
consultationsandantibiotic prescriptionsover16yearq24]. A randomsampleof patients
wasdrawnfrom thelist of all registeregpatients stratifyingby yearbetweer?002and 2017
andby family practice.The 'sampletommandin the R programmewasemployedo provide
acomputer-generatethndomsequencdn eachyearof study,asampleof 10patientswas
takenfor eachgenderandagegroupusing5-yearagegroupsup to amaximumof 104years.
Eachsampledpatientcontributeddatain multiple yearsof follow-up. Therewasatotal
sampleof 671,830ndividual patientsregisterecht atotal of 706family practicesvho contrib-
utedperson-yearbetweer?002and 2017 .The samplingdesignenabledestimationof all age-
specificrateswith similar precision,andage-standardisatioprovidedweightingsacrossage
groups Datafor antibiotic prescribingin this samplehavebeenreportedpreviously{24] (S4
Table).

For eachpatientin theantibiotic prescribingsamplewe calculatedhe person-yearatrisk
betweerthe startandendof the patient'srecord.Person-yearaasgroupedby genderage
group,andcomorbidity. Agegroupswerefrom 0to 4,5t0 9,and10to 14yearsandthen
10-yearagegroupsup to 85yearsandover.Infection consultationsvereevaluatedisingRead
codesasoutlinedabove Antibiotic prescriptionsvereevaluatedisingproductcodedor anti-
bioticslistedin section5.10f the British NationalFormulary,excludingmethenamineand
drugsfor tuberculosisandleprosy Differentantibiotic classeandantibiotic dosesverenot
consideredurther in this analysisMultiple antibiotic prescriptionrecordson the sameday
wereconsideredasa singleantibiotic prescription.

Evaluation of frailty

We usedClegg's-FrailtylIndexto evaluatdrailty level[26]. Thee-Frailtylndexincludes36
deficits,which areevaluateaspresentor absenbasedn Read-code@lectronichealthrec-
ords.Patientavereclassifiedasbeing nonfrail' or having mild', "'moderate'pr “severdrailty
basedn the numberof deficitsrecorded We evaluatedrailty for eachpatientin eachcalen-
daryearof study[27] in orderto provideafrailty estimatefor theindexyearof eachsepsiepi-
sode We alsoestimatectonsultationratesand antibiotic prescribingproportionsby frailty
categornyfor the antibiotic prescribingsample Asfull electronichealthrecorddatawerenot
availablegfor the entire CPRDGOLD denominator weallocatedperson-year$o frailty catego-
riesusingthe proportion in eachfrailty categonthatweobservedn theantibiotic prescribing
sampleAlthoughthe concepof frailty maybeappliedat anyage frailty wasonly evaluated
from 55yearsandolderbecausenostpatientsunderthe ageof 55yearswvereclassedsnonf-
rail or ashavingonly mild frailty (S5Table).

Decision tree

In orderto evaluatahe probability of sepsigollowing aninfection consultationin primary
careweconstructedadecisiontree(Fig 1) [28]. An individual developinganinfectionmay
decideto consulttheir generabracticeor not; if theyconsult,theymaybeprescribedantibiot-
icsor not; subsequentlitheymaydevelopsepsi®r not. We usedestimatedrom CPRDdata
analysido populatethe decisiontreewith empiricalestimategor probabilitiesasoutlinedin
Tablel.We usedBayestheoremto estimatethe probability of sepsigollowing aninfection
consultationif antibioticswereprescribedr if antibioticswerenot prescribedWe estimated
the ‘numberneededo treat' (NNT), the numberof antibiotic prescriptionsrequiredto pre-
ventonesepsieventasthereciprocalof thedifferencein probability of sepsisvith andwith-
out antibiotics.We obtainedcentralestimatesnd 95%uncertaintyintervalsfrom 10,000
randomdrawsfrom the betadistribution [29]. All estimatesverestratifiedby genderand
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Population

P(Infection)

No infection
consultation

Antibiotic
P(AB | Infection)

Infection consultation

No antibiotic

Sepsis
P(Sepsis | [AB | Infection])

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

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

P(no AB | Infection)

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

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

https://da.org/10.1371§urnal.pned.1003202@01

10-yearagegroup.Forthe populationageds5yearsandolder, we alsostratifiedby frailty cate-
gory.We alsoevaluategubgroupf commoninfections,including RTI, skininfections,and

UTI.

Table 1. Definition and data source for probabilities.

Term

Explanation

Data source

P(Infection)

Probalility of apersonconsultingwith
infectionin a30-dayperiod

Frominfectionconsultation rateper30daysin
sampleddatasetfrom CPRD

P(AB| Probalility of receivingan AB From proportion of infection consultéions with AB
Infection) prescriion on the samedateasan prescribedn sampleddatasetfrom CPRD
infection consultaton
P(Sepsis) Probalility of sepsisper30days Fromincidence of sepsigrom entireregisteredCPRD
population
P(Infection| Probalility of patientswith sepsis Proportion of sepsigasesvith previousinfection
Sepsis) havingconsultedfor aninfectionin 30 | consultation calculatedrom entireregistered”PRD
daysprecedingheir sepsigliagnosis population
P(Sepsi$ Probalility of sepsisn the 30days —P<I"f“-°“§(';f;el§‘;>n;’<SePS‘“
Infection) following aninfection consultation
P(Sepsis[AB | | Probalility of sepsihavingconsulted P([AB[Infecti P&BK‘I‘;{ZIC’&IO“; is|Infection])
Infection]) for aninfectionandreceivecan AB
prescrigion
P(Sepsi$ Probalility of sepsisiavingconsulted P<[NOAB\I"f“;:ﬂf;f";i;)Pﬁ[SE;’S‘S\I"fEC‘i°"1)
[NoAB | for aninfectionandnot receivecan AB
Infection]) prescrigion
NNT The numberOf addltlona antibiOtic P(Sepsis\[AB|Infeclion])—Pl(Sepsis\[No AB|Infection])

prescrigionsrequiredto preventone
caseof sepsis

Abbrevations:AB, antibiotic; CPRD,Clinical PracticeReseart Datalink;NNT, numberneededo treat;P,

probability

https://i.org/10.1371durnal.pred.1003202001
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Sensitivity analyses

In sensitivityanalysesyeevaluatedvhetheruseof a 60-daytime window gavedifferentresults
from a30-daytime window. The primary analysiseporteddatafor a 16-yeamperiod,but the
incidenceof recordedsepsidiasbeenincreasing24]. We repeatedhe analysigisingonly data
for 4-yearperiodsfrom 2002+200%0 2014+201 70 evaluatevhetherestimateglifferedfrom
thewholeperiodfrom 2002to 2017 We alsoinvestigatedvhetherestimateglifferedif sepsis
diagnosesecordedn HospitalEpisodeStatistic§HES)or ascause®f deathon mortality cer-
tificateswereincluded.The sampleor linkagewasobtainedfrom CPRD(LinkageSet16).The
linked sampleincludeddatafor 378Englishgenerapracticesyith 5,524,98patientsprovid-
ing primary careelectronicrecordsdatalinked to HESand mortality statisticsWe searched
for ICD-10 codedor sepsisindsepticaemiaWeincludedprimary diagnosefrom HES-
admittedpatientcarerecordsandall mentionsof sepsisn mortality statisticslata.We
repeatedhnalysesisingprimary careelectronichealthrecordsalone primary careelectronic
healthrecordswith linked HESdata,or primary careelectronichealthrecordswith linked
HESand mortality data.

Results

Thestudyincluded706generapracticeswith atotal of 66.2million person-yearsf follow-up
(S1Fig).Datafor the distribution of sepsigpatientsby ageandgenderareshownin Table2;
databy regionandperiodareshownin S3Table.Theprobability of aconsultationwith acom-
mon infection of the skin, RTI, or UTI in any30-dayperiodrangedbetweerD.02(1in 50)and
0.08(1in 12).This probability of aninfection consultationwashigherin childrenandold

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

Gender | Age group

(years)
Male 04
5+14
15+24
25+34
35+44
45+54
55+64
65+74
75+84
85+
Female 04
5+14
15+24
2534
35+44
45+54
55+64
65+74
75+84
85+

Sepsis
events
224
303
360
449
791
1,342
2,466
3,933
4,752
2,738
204
238
500
806
1,095
1,631
2,443
3,215
3,982
3,772

Infection consultations in

Proportion (%) of sepsis events

AB prescriptions on

Proportion (%) of infection

previous 30 days preceded by infection consultations same date consultations with ABs prescribed

51 22.8 11 21.6
48 15.8 6 12.5
59 16.4 21 35.6
78 17.4 18 23.1
117 14.8 24 20.5
241 18.0 47 19.5
472 19.1 102 21.6
724 18.4 155 21.4
1,089 22.9 256 235
713 26.0 158 22.2
55 27.0 12 21.8
32 13.4 9 28.1
76 15.2 24 31.6
110 13.6 38 345
175 16.0 41 23.4
267 16.4 72 27.0
445 18.2 119 26.7
646 20.1 180 27.9
890 22.4 204 22.9
984 26.1 222 22.6

Abbreviatiors: AB, antibiotic; CPRD Clinical PracticeResearciDatalink

https://da.org/10.1371durnal.pred.1003202.102
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peopleandgreatetin womenthan menduring midlife (Tables? and 3). The probability of an
antibiotic beingprescribedat aninfection consultationrangedbetweerD.43and0.67 with the
probability beinglowestfor youngchildrenin whom consultationratesarehighest(Table3).

Therewere35,244irst episode®f sepsibetweer?002and 2017 The probability of an
infection consultationwithin 30daysbeforea sepsigeventrangedbetweerD.14(1in 7)and
0.26(1in 4),with highervaluesatthe extreme®f age(Table3). If no antibiotic wasprescribed,
the probability of sepsisaitage0+4yearsvas0.0000541 in 18,51%onsultationsjn malesand
0.00006@1 in 16,667)n femalesThe probability of sepsigollowing aninfection consultation
without antibioticsincreasedinearlywith ageon alog scalgFig 2, upperpanel) reaching
0.0046471in 215consultationsjn malesand0.00311@1 in 321consultationsjn females
aged85yearsandolder(Table3). If antibioticswereprescribedat aninfection consultation,
the estimatedpbrobability of sepsisvaslower,rangingfrom 0.00002@1 in 50,00Qconsulta-
tions)in malesand0.00002%1 in 43,47&onsultations)n femalesatage0+4yearsandto
0.0008331in 1,200consultations)n malesand0.0005091 in 1,965consultationsjn females
agedd5yearsandolder. Thenumberof antibiotic prescriptiongequiredto preventonesepsis
eventwashighly agedependen(Fig 2, lowerpanel).For childrenagedd+4yearsthe NNT
was29,77318,458+71,091n malesand27,01416,739+65,70%M femalesHoweveratage
85yearsandolder,the NNT was262(236+293)n malesand385(352+421)n females.

In the populationageds5yearsandolder, estimatesvereobtainedseparatelyy frailty cat-
egory(Fig 3,S7Table).Theprobability of sepsisvasgreaterandthe NNT smaller for patients
with moreadvancedrailty. For nonfrail patientsaged65+74yearsthe NNT was1,680(1,354+
2,133)or menand2,718(2,089+3,697pr women.Butfor patientsof the sameagewith
severdrailty, the NNT was259(196to 360)for menand438(329to 624)for women.For
patientswith severdrailty, the NNT waslessthan 250in menandlessthan400in womenfor
all agegroupsover55yearsFor nonfrail patients the probability of sepsisncreasedandthe
NNT decreasedyith increasingage(Fig 3). In nonfrail patientsthe NNT declinedfrom 2,309
(1,890+2,879n menand 3,782(3,001+4,907h womenat55+64yearsold to 407(274+677)
in menand499(346+780jor womenat 85yearsandolder.Estimatedor patientswith mild
or moderatdfrailty exhibitedanintermediatepattern(Fig 3).

The probability of sepsisvashigherfollowing consultationdor UTI thanfor skininfections
or RTI, apatternof associatiorthat wasobservedcrossll agegroupsandmenandwomen
(Fig4,S8Table).For patientsaged65without antibiotic treatment the probability of sepsis
followinganRTI consultatiorwas0.0009(1 in 1,111consultationsjn menand0.000531in
1,887consultationsjn women;following a skin infection consultation the probabilitywas
0.002241in 446)in menand0.0015(1 in 667)in women;followingaUTI consultationthe
probabilitywas0.0092271 in 108)in menand0.0037871in 264)in women.At thesame
agethe correspondinghumbersneededo treatwereasfollows:for RTI,the NNT for men
wasl,257(1,112+1,434andthe NNT for womenwas2,278(1,965+2,686jor skininfection,
the NNT for menwas502(398+646)andthe NNT for womenwas784(602+1,051)or UTI
consultationsthe NNT for menwas120(102+145)andthe NNT for womenwas284(241+
342)(Fig4).

Sensitivity analyses

An analysiemployinga 60-daytime window to evaluatexposuregavegenerallysimilar
resultsto thoseusinga 30-daytime window. In menagedd5andover,the NNT for all infec-
tionswas262(236+293with a 30-daytime window but 313(276+359ith a 60-daywindow;
for womenof the sameage thefigureswere385(352+421pnd466(419+523)respectively.
Whenthe analysigesultswerecomparedor the 4-yearperiodsfrom 2002+200%0 2014+
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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 04

0.08

0.000014

0.23

0.43

0.00008

0.000020

29,773
(18,458+
71,091)

5+14

0.04

0.000006

0.16

0.48

0.0000%

0.000008

25,606
(17,962+
40,817)

15+24

0.02

0.000008

0.17

0.58

0.0001@

0.000041

16,921
(10,285
39,551)

25+34

0.02

0.000009

0.17

0.60

0.00018

0.000039

6,517
4,779+
9,522)

0.02

0.000013

0.15

0.62

0.00029

0.000039

5,035
(3,980
6,610)

45+54

0.02

0.000022

0.18

0.62

0.00042

0.000071

2,497
(2,121
2,999)

55+64

0.02

0.000048

0.19

0.63

0.000832

0.000135

1,449
(1,282+
1,652)

65+74

0.03

0.000105

0.18

0.64

0.00138

0.000202

907(823+
1,007)

75+84

0.04

0.000219

0.23

0.63

0.00270

0.000478

450(413+
492)

85+

0.05

0.000416

0.26

0.61

0.00462

0.000833

262(236%
293)

Female 04

0.08

0.000014

0.27

0.43

0.00006

0.000023

27,014
(16,739
65,709)

5+14

0.04

0.000005

0.14

0.51

0.00003

0.000010

65,522
(35,239
240,067)

15+24

0.04

0.000012

0.15

0.61

0.00008

0.000024

18,120
(12,472+
30,241)

25+34

0.04

0.000016

0.14

0.63

0.00016

0.000033

13,926
(10,044+
21,273)

0.04

0.000018

0.16

0.66

0.00018

0.000030

6,513
(5,349+
8,194)

45+54

0.03

0.000028

0.16

0.66

0.000238

0.000054

4,463
(3,756
5,421)

55+64

0.04

0.000048

0.18

0.67

0.00049

0.000088

2,486
(2,179+
2,876)

65+74

0.04

0.000080

0.20

0.67

0.00079

0.000151

1,557
(1,388
1,758)

(Continued)
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Table 3. (Continued)

Probability of. . .
Infection First sepsis event | Infection consultation | AB at infection | Sepsis after infection | Sepsis after infection
consultation per 30| in any 30-day 30 days before sepsis consultation consultation, no AB | consultation, AB
days period event
Gender | Age P(Infection) P(Sepsis) P(Infection | Sepsis) | P(AB | Infection) | P(Sepsis|[No AB | P(Sepsis | [AB | NNT (95%
(years) Infection]) Infection]) 19) 0]
75+84 0.05 0.000138 0.22 0.66 0.00158 0.000231 773(705+
847)
85+ 0.05 0.000271 0.26 0.64 0.00310 0.000509 385(352+
421)
Abbreviatiors: AB, antibiotic; NNT, numberneededo treat; P, probability; Ul, uncertaintyinterval
https://da.org/10.1371¢urnal.pred.1003202.1008
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Fig 2. Probability of sepsis following infection consultations in primary care if ABs are prescribed or not (upper panel).
Numberof antibiotic prescrigiions requiredto preventonesepsievent(NNT) (lowerpanel).Figuresaremedianprobabilties
(95%uncertaintyinterval).AB, antibiotic; NNT, numberneededo treat.
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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. Figuresaremedianestimateg95%uncertainy interval).NNT, number
neededo treat.
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2017 estimatedor the probability of sepsisvereslightlyhigher,andNNT slightlylower,for
themostrecentperiod (S2Fig), consistentvith the higherreportedincidenceof sepsisn this
period (S9Table).In the oldestagegroup,from 85yearsandover,the probability of sepsis
without antibioticswasasfollows:for 2014+201the probabilityfor menwas0.007287and
the probability for womenwas0.004775yith antibiotics,the probabilityfor menwas
0.001290andthe probabilityfor womenwas0.00083%he NNT for menwas167(141+202),
andtheNNT for womenwas254(216+302).
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Fig 4. Number of antibiotic prescriptions required to prevent one sepsis event (NNT) by age group, gender, and type of
infection consultation. Figuresaremedianestimate$95%uncertaintyinterval). Uncertanty intervalswereomitted for 0+4years
and5+9yearsf dataweretoo sparseo givereliableestimatesNNT, numberneededo treat;RTI, respiratorytractinfection; UTI,
urinary tractinfection.
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In thelinked sampletherewere42,785irst sepsieventsacrossll threedatasources,
including 17,34 Xrom primary carerecords,17,363rom HESadmittedpatientcare(APC)
primary diagnosesand 8,081from Officefor National Statistic§ONS)mortality recordsdur-
ing 36.2million patient-year®f follow-up. Accordingly,the underlyingprobability of sepsis
wasgreatemwhenlinked recordswereemployedHowever sepsigventsn HESandONS
mortality statisticaverelessrequentlyassociateith precedingnfection consultationsn
generapractice(S3Fig). Consequentlythe probability of sepsidollowing aninfection consul-
tation wasonly slightlyhigherif linked datawereincludedin theanalysigS4Fig),andtheesti-
matedNNT wasonly slightlylower (S5Fig).

Discussion

Main findings

This studyanalysegrimary careelectronichealthrecordsdatafor alargepopulationfollowed
for 16yearswith 35,24hewsepsieventsWe found thatthe probability of sepsigollowing
consultationfor commoninfection episodesn primary careis highly agedependentWithout
antibiotic treatment sepsisnayfollow lesghan 1in 10,000nfection consultationsunder25
yearsof ageandlesshanlin 1,000consultationsinder65yearsof age.The probability of sep-
sisincreasesatolderagesandsepsisnayfollow approximatelyl in 200(men)or 1in 300
(women)consultationsatage85or older. At olderagesthe probability of sepsiss alsohighly
dependenbn frailty level:55-year-oldsvith severdrailty haveasimilar probability of sepsis
asanonfrail 85-year-old The probability of sepsigs relatedto infection type,with the greatest
probability following consultationgor UTI, theleastfor RTI, and consultationgor skin infec-
tionsbeingin anintermediateposition. Risksweregenerallyslightlyhigherfor men,which
might beaccountedor by their generallyjowerconsultationrates.

Theincidenceof recordedsepsisasbeenincreasingovertime with moreinclusivecase
definitionsandincreasingawarenessf the condition [24,30]. Whenweestimatedhe main
resultsfor the periodfrom 2014to 2017 the probability of sepsisvashigherandNNT lower
thanfor the periodfrom 2002to 2017 Althoughwe cautionthatthe absolutevalueof esti-
matesmayvarydependingon thetemporalor geographicatontext,we expecthatin relative
termsestimatesvill continueto identify olderagefrailty, andUTI consultationsasbeingasso-
ciatedwith greatestisksof sepsis.

Sepsiss anuncommonbut concerningoutcomeof commoninfection episodesn primary
care Appropriateantibiotic therapymayhaveimmediatebenefitshat arenot restrictedto
reductionin risk of sepsisbut antibiotic prescriptionsarealsooftenassociatewith immediate
harmsin the form of drug sideeffectsThe potentialrisk of antimicrobialresistancéasasig-
nificancethat extendsbeyondthe contextof anindividual consultation Prescribingdecisions
mustthereforebeinformed by the balanceof all of the benefitsand harmsof eitherprescribing
or not prescribingantibiotics.Quantificationof the possibleisksof sepsicontributesto
informing thesedecisions.

Strengths and limitations

Thestudydrewon alargepopulation-based@ohort,enablingusto analyseepresentativelata
andobtain precisesstimateshat maybewidelyapplicableHowever electronichealthrecords
compriseclinical datawith severalimitations and potentialfor bias.We analysedhe out-
comesof clinicaldecisionson whetherto prescribeantibioticsor not. In the absencef rando-
misation,it maybeexpectedhat antibioticswereprescribedo individualsat higherrisk,
whereadower-risk patientsmaybelesdikely to be prescribedantibiotics.Consequentlythe
probability of sepsisnaybeunderestimatedin comparisonwith astudyemployingrandom
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allocation)in the absencef antibioticsand overestimatedor patientsreceivingantibiotics,
with the NNT beingoverestimateddowever the analysigiependedn generapracticeelec-
tronic healthrecordsof antibiotic prescriptionswhich accountfor about85%of community
antibiotic prescribing[2], but we cannotexcludethe possibilitythat patientsmight have
obtainedantibiotic prescriptiondrom alternativesourcesincluding out-of-hoursservices.
Measuresf illnessseverityarerarelyrecordedfor commoninfection consultationsn primary
care soit wasnot possibleo adjustfor illnessseverityin analysedt is alsoestablishedhat not
allinfectionconsultationsn primary carearecorrectlycoded Jeadingto underestimatiorof
consultationrates][7]. We includeddatafrom 706generapracticesovera16-yearperiod.
Infection consultationand antibiotic prescribingrateswereestimatedrom sampledata.The
estimatesn this paperrepresentiveragealuedor this populationof generapracticesand
period of time. However we conducteda sensitivityanalysisvith datafrom 2014to 2017only.
We alsoacknowledgéehatin additionto changedn overallantibiotic utilisation,therehave
beenchangesn the proportion of prescriptionsfor broad-spectrurmantibiotics.Futurestudies
might bedesignedo comparethe probability of sepsisf broad-spectrunor narrow-spectrum
antibioticsareprescribedThe sampledesignusedto estimatanfection consultationratesand
antibiotic prescribingproportionsgaveeachpractice andeachstudyyear,equalweight,but

we could haveweightedthe sampleby practicesize.

We analysedlatafor infection consultationsn primary careand comparedoutcomesf
antibioticswereor werenot prescribedHowever previousstudiesshowedhat antibioticsmay
beprescribedat consultationswith no definitediagnosigecorded7,25].We did not include
theseprescriptionshecaus¢herewasno valid comparatorin termsof consultationswithout
antibiotic prescriptionsput conclusionsnight havedifferedif missingdiagnosisnformation
hadbeencomplete We cautionthat the precisevaluef theseestimatesnaybeexpectedo
varyin differentlocalcontextsandaccordingto the typesof infection circulatingin acommu-
nity atagiventime. We did not employthe approachof null hypothesisignificanceestingand
do not report P valuesWe evaluatedssociatiomodification by age gender frailty level,and
consultationtype.We employedhe e-Frailtylndex,whichis awell-describedneasurédased
on 36deficits[26], althoughwealsoappliedit in the agerangeof 55+64yearsjn whichit isless
welldocumentedWe estimatedstratifiedvaluesfor broadgroupsof patientsdefinedin terms
of agegenderandfrailty. We did not estimatepersonalisedisksfor individual patientsand
theclinical circumstances eachspecificconsultationshouldbeusedto inform estimatesf
sepsigisk for individuals.We reliedon clinical recordsof sepsirom generapractice but we
cannotbesurethat all sepsigventaverecommunity ratherthan hospitalacquiredin the UK,
patientsregisterwith afamily practicefor continuing care but patientsmayutilise emergency
andout-of-hoursservicesor acuteproblemssuchassepsisandtheseeventsnight not becap-
turedin primary carerecords Providersmayvaryin their useof theterm “sepsisWwhichisan
intermediatecondition linking aninfectionandorgandamageconsequentn infection. The
selectiorof clinicaltermsand medicalcodess atthe discretionof clinical staff,leadingto lack
of datastandardisationT he conditionsidentified as’sepsignayrepresenarangeof disease
severityand probability estimatesnight be proportionatelylowerif only severesepsisvas
included.However by usinglinked data,we showedhatinclusionof hospitalepisodesnd
mortality recordsdid not leadto anyimportant changesn conclusionsFurtherresearclis
neededo refine,update andimprovethe accuracyf thesadnitial estimates.

Comparison with other studies

Therehasbeenatrend towardmore-frequentrecordingof sepsisn recentyearsandthis has
not alwayseenaccompaniedy evidenceof increasedlood streaminfections.In an
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interruptedtime seriesanalysisBalinskaiteandcolleaguef31] found no evidencehatantimi-
crobialstewardshipnterventionsin the UK might beassociatewith increasedatesof sepsis.
In anecologicahnalysi§24], wedid not find evidencehat generapracticeswith lowerantibi-
otic prescribingmight havegreaterrisk of sepsi®verthe sameperiodof time andin the same
practicesaswereincludedin the presentstudy.Gharbiandcolleaguef3?2] found thatin older
adultspresentingwith UTI, therewasincreasedisk of sepsisf antibiotic prescriptionswere
not givenor weredelayedThe presentresultsextendthesefindings by estimatingrisksacross
all agesdifferentlevelsof frailty, and differenttypesof infection consultationsThelack of
consistencyetweerestimatedrom ecologicalandindividual-levelanalysess likely to be
explainedoy the substantiaproportion of patientswith sepsisvho presentwithout preceding
infection consultationsn primary care aswell asthe smallproportion of higher-riskconsulta-
tionsthatarenot associatewith antibiotic prescriptionsRTI consultationsareextremelyfre-
quent,whichmayaccountfor the lower probability of associatedepsisRespiratorjinfections
areoftentheresultof virusinfections,andcliniciansmaytendto reservaheterm “sepsisfor
bacteriainfections.We evaluatedincomplicatedowerUTIs, but estimategor the probability
of sepsisnight havebeenhigherif kidneyinfectionshadbeenincluded.

Conclusions

This paperquantifiestherisk of sepsigollowing commoninfection consultationsn primary
care.Thesemaybeusedin antimicrobialstewardshigo identify groupsof consultationsat
whichreductionof antibiotic prescribingcanbe pursuedmore safely The estimateshowthat
risksof sepsisndbenefitsof antibioticsaregenerallynore substantiahmongolderadults,
personswith moreadvancedrailty, or following UTI.
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