


years (PY) of follow-up: an overall HIV incidence rate (IR) of 0.71 (95% confidence interval

(CI) 0.51 to 1.00) per 100 PY. Incidence declined from 1.47 (95% CI 0.48 to 4.57) per 100

PY in 2013/2014 to 0.25 (95% CI 0.08 to 0.78) per 100 PY in 2018/2019; average annual

decline was 0.85-fold (p �� 0.001). Baseline factors associated with HIV acquisition included

the following: injection drug use (6/38 men who reported injection drug-acquired HIV; unad-

justed conditional hazard ratio (HR) 27.96, 95% CI 6.99 to 111.85, p �� 0.001), noninjection

chemsex-related drug use (13/321; HR 6.45, 95% CI 1.84 to 22.64, p �� 0.001), condomless

anal sex (CLS) (26/741; HR 3.75, 95% CI 1.31 to 10�74, p = 0.014); higher number of CLS

partners (HRs �!10 partners [7/57]; 5 to 10 partners [5/60]; and 2 to 4 partners [11/293]:

14.04, 95% CI 4.11 to 47.98; 9.60, 95% CI 2.58 to 35.76; and 4.05, 95% CI 1.29 to 12.72,

respectively, p �� 0.001); CLS with HIV–positive partners (14/147; HR 6.45, 95% CI 3.15 to

13.22, p �� 0.001), versatile CLS role (21/362; HR 6.35, 95% CI 2.18 to 18.51, p �� 0.001),

group sex (64/500; HR 8.81, 95% CI 3.07 to 25.24, p �� 0.001), sex for drugs/money (4/55,

HR 3.27, 95% CI 1.14 to 9.38, p = 0.027) (all in previous 3 months); previous 12-month

report of a bacterial sexually transmitted infection (STI) diagnoses (21/440; HR 3.95, 95%

CI 1.81 to 8.63, p �� 0.001), and more than 10 new sexual partners (21/471, HRs 11 to 49, 50

to 99, and �!100 new partners: 3.17, 95% CI 1.39 to 7.26; 4.40, 95% CI 1.35 to 14.29; and

4.84, 95% CI 1.05 to 22.4, respectively, p �� 0.001). Results were broadly consistent for

time-updated analysis (n = 622 men). The study’s main limitation is that men may not be rep-

resentative of the broader GBMSM population in England.

Conclusions

We observed a substantial decline in HIV incidence from 2013 to 2019 among GBMSM

attending sexual health clinics. Injection drug use, chemsex use, and measures of high-risk

sexual behaviour were strongly associated with incident HIV. Progress towards zero new

infections could be achieved if combination HIV prevention including Test and Treat strate-

gies and routine commissioning of a PrEP programme continues across the UK and reaches

all at-risk populations.

Author summaryAU : Anabbreviationlisthasbeencompiledforthoseusedthroughoutthearticle:Pleaseverifythatallentriesarecorrect:

Why was the study done?

· A declinehasbeenobservedin newHIV diagnosesamonggay,bisexual,andothermen
whohavesexwith men(GBMSM)in theUnited Kingdom.

· Internationally,anoveralldeclinein HIV diagnosesandincidenceamongGBMSMhas
alsobeenreportedin severalcitiesin developedcountriessuchasAustralia,theUnited
States,theNetherlands,andsomeotherEuropeancountriesbetween2013and2019.

· To our knowledge,no prospectivelyfollowedcohortstudiesof GBMSMin England
havereportedtrendsin HIV incidencein recentyearsor on factorsassociatedwith inci-
dentHIV.
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What did the researches do and find?

· Weestimatedtrendsin HIV incidencebetween2013and2019amongacohortof
GBMSMattendingsexualhealthclinics,andwefoundadecliningtrend.

· Wealsoassessedfactorsassociatedwith HIV incidence,andour findingsemphasisethe
importanceof awarenessof high-risksexualbehavioursandrecreationaldruguse(par-
ticularly injectiondruguseandchemsex-associateddruguse)asfactorsassociatedwith
HIV acquisition.

· Despiteobservingsignificantdeclinesin HIV incidence,incidencerates(IRs)remained
highamongmenwhoreportedinjectiondrugsuse,condomlesssexwith multiple part-
ners,andgroupsex.

What do these findings mean?

· Growingevidenceshowsthat theHIV transmissiondeclinesmaypotentiallybeattrib-
utedto thecomprehensivecontrol andHIV treatmenteffortsin theUK.

· Thecontinuationof intensificationof HIV testing,immediateantiretroviraltherapy
(ART) initiation, theuseof condoms,androutinecommissioningof apreexposurepro-
phylaxis(PrEP)programmecouldpotentiallyensurethat thedeclinein HIV incidence
is felt acrossall groupsimpactedby theepidemic.

IntroductionAU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:
To bring theHIV epidemicundercontrol, therehasbeenamassivescale-upin thetreatment
andpreventionof HIV overthepastdecadethathasledto agradualdeclinein newHIV infec-
tionsglobally[1]. In theUnited Kingdom(UK), modellingof HIV surveillancedatasuggests
that theunderlyingincidenceof newHIV infectionshasbeenfallingsteadilyfor morethan5
years(since2012)[2]. Thedeclinehasbeenparticularlymarkedamonggay,bisexual,and
othermenwhohavesexwith men(GBMSM),amongwhom51%of all newHIV diagnoses
occurredin theUK in 2018[3]. In England,themodellednumberof incident infections
amongGBMSMhasdeclinedby65%since2014,with themostrapid fall after2016[3]. The
steepdeclinescoincidewith aperiodwhenincreasingnumbersof menaccessedpreexposure
prophylaxis(PrEP)[4]. In addition,during thisperiod,therewereeffortsto increaseuptake
andfrequencyof HIV testing,andHIV treatmentguidelineschangedto recommendprompt
initiation of antiretroviraltherapy(ART) for peoplenewlydiagnosedwith HIV. Declinesin
newHIV diagnosesamongGBMSMhavealsobeenreportedin NewSouthWalesin Australia
[5] andSanFranciscoandNewYork City in theUnited States[6,7].

Thereremains,however,limited datafrom UK prospectivestudiesassessingHIV acquisi-
tion risk,associatedfactors,andtemporaltrendsfor incidentHIV [8,9].Suchdatacouldbe
helpfulin providing insightregardingtherisk factorsdriving theHIV epidemicamong
GBMSMin England.TheAttitudesto andUnderstandingof Riskof Acquisitionof HIV 2
(AURAH2) studyisamongthefirst prospectiveobservationalcohortstudiesof initially HIV±
negativeGBMSMin England.Wesoughtto evaluatetrendsin HIV incidencebetween2013
and2019andtheassociationof baselineandtime-updateddemographic,socioeconomic,

PLOS MEDICINE Trends in HIV incidence between 2013–2019 and baseline factors among GBMSM in the AURAH2 study

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003677 June 18, 2021 3 / 20

https://doi.org/10.1371/journal.pmed.1003677


health,lifestyle,andbehaviouralfactorswith HIV incidenceamongGBMSMparticipatingin
AURAH2.

Methods

Study design and participants

Methodologicaldetailsof thestudyhavebeenpublishedpreviously[10]. TheAURAH2 study
wasaprospectivecohortstudythat recruitedGBMSMwhowereHIV negativeor of unknown
HIV statusfrom 3 largesexualhealthclinicsin LondonandBrighton(56DeanStreet,London;
Mortimer MarketCentre,London;andClaudeNicol Clinic, Brighton)from July2013to April
2016.Participantswereeligibleif theywereaged18yearsor olderandhadattendedthestudy
clinicsfor routine testingfor sexuallytransmittedinfections(STIs)or HIV. Men wereclassi-
fiedasGBMSMfor thepurposesof theanalysisif theymetat leastoneof thefollowingcriteria:
(i) reportedbeinggayor bisexual;(ii) reportedanalsexwith amanin thepast3 months;or
(iii) reportedhavingdisclosedto their family, friends,or workmatesasbeinggay,bisexual,
and/orattractedto men.Participantswhoconsentedto thestudycompletedaconfidential
baselinepaperquestionnairein theclinic. During thefollow-upperiod,participantsself-com-
pletedsubsequent4-monthlyandannualquestionnairesthatwereavailableonlinefrom
March2015until March2018.Thebaselinequestionnairegatheredinformation on demo-
graphic,socioeconomic,lifestyle,healthandwell-being±relatedfactors,knowledgeandunder-
standingof HIV, sexualbehaviours,STIdiagnoses,andPrEPandpostexposureprophylaxis
(PEP)use.The4-monthlyquestionnairesassessedinformation on HIV status,HIV testinghis-
tory, sexualbehaviours,andlifestylefactors.Annualquestionnairescapturedthesameinfor-
mationasthe4-monthlyquestionnaireandadditionalinformation on PrEPandPEPusein
thepastyear,relationshipstatus,andhealthandwell-beingfactorsasassessedon thebaseline
questionnaire.Thisstudyis reportedaspertheStrengtheningtheReportingof Observational
Studiesin Epidemiology(STROBE)guideline(S1 Checklist).

Ethics approval and participant consent

All participantsprovidedwritten, informedconsentbeforetakingpart.Consentto participate
in thestudyincludedconsentfor linkageto PublicHealthEngland(PHE)'sdatasetsat theend
of thestudyusinglimited participantidentifiers.TheAURAH2 studywasapprovedby the
designatedresearchethicscommittee,TheNationalResearchEthicsService(NRES)commit-
teeLondon-Hampstead,ref:14/LO/1881in November2014[10]. Basedon theresearchproto-
colandall versionsof studydocuments,theAURAH2 studysubsequentlyreceivedpermission
for clinical researchat the3 participatingNationalHealthService(NHS)sites:Chelseaand
WestminsterNHSFoundationTrust,CentralandNorth WestLondonNHSFoundation
Trust,andtheBrightonandSussexUniversityHospitalsNHSTrust.TheAURAH2 studywas
registeredon theNIHR clinical researchnetworkportfolio.

Completion of online follow-up questionnaires

Participantswhocompletedafirst onlinefollow-upquestionnairein March2015hadthe
option to completeup to 9 onlinequestionnaires,asthefollow-up finishedin March2018.
Whenparticipantsweredueto completeaquestionnaire,2 remainderemailsweresentafter2
and4 weeksfollowedbyatextmessage.If participantsmissedaquestionnaireatanytime dur-
ing follow-up,theywerestill invited to completesubsequentquestionnaires.At eachonline
follow-up,participantswereaskedaboutthemostrecentdateof HIV testandtheresult.
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Baseline measures

All baselinemeasureswereself-reportedin theparticipantbaselinequestionnaire.Sociodemo-
graphicvariablesincludedagegroup(<25; 25to 29;30to 34;35to 39;40to 44;�45years),
countryof birth andethnicity(whiteUK born;otherethnicityUK born;whitenon-UK born;
otherethnicitynon-UK born),self-reportedsexualidentity (gay;bisexual/otherplurisexualiden-
tities),education(universitydegree;otherqualification;no qualification),ongoingrelationship
(yes,living with partner;yes,not living with partner;no),employmentstatus(employed;not
employed),sufficientmoneyfor basicneeds(yes;mostly;sometimesor no),andhousingstatus
(homeowner;rentingincludingprivate,housingassociation,andcouncil;unstableor other).

Weconsideredthefollowingmeasuresof sexual/HIV-relatedbehaviourin thepreceding3
months(classifiedasªyesºor ªnoº unlessotherwiseindicated):condomlessanalsex(CLS),num-
berof CLSpartners(none;1;2 to 4;5 to 10;>10), CLSwith partnersknownto beHIV positive,
sexualCLSrole(no CLS;alwaysinsertive;alwaysreceptive;insertiveandreceptive[versatile]),
groupsex,recreationaldruguse(injectiondruguse;noninjectionuseof 1or moreof the3chem-
sex-associateddrugs[mephedrone,GHB/GBL,crystalmethampethamine];noninjectionuseof
otherdrugs;no druguse),sexfor drugsor money,fisting,or sextoysuse.Wealsoconsidered
HIV testin theprevious6monthsandin theprevious12months:bacterialSTIdiagnosis,number
of newsexualpartners(0 to 10;11to 49;50to 99;�100),andPrEPandPEPuse.BacterialSTIs
includedgonorrhoea,syphilis,andchlamydia,including lymphogranulomavenereum(LGV).

Lifestylefactorsincludedsmokingstatus(neversmoked;ex-smoker;currentsmoker)and
alcoholconsumption(higher-riskalcoholconsumption:ascoreof�6 on amodifiedversion
theAUDIT-C WHO alcoholscreeningtool questionnaire,first 2 questionsonly) [11]. A total
scoreof 6waschosengiventhatAURAH2 participantswereonly askedthefirst 2 questionsof
theWHO AUDIT-C questionnaireratherthanthefull AUDIT-C. Mentalhealthincluded
symptomsof depression(definedasascoreof�10on thePatientHealthQuestionnaire
[PHQ-9], whichis thestandardcutoff scoreusedto defineclinicallysignificantdepressive
symptoms)[12], andanxietysymptoms(definedasascoreof�10on theGeneralisedAnxiety
DisorderScale[GAD-7], whichrepresentsthestandardcutoff to defineanxietydisorder)[13].

Forsexual/HIV-relatedbehaviour,mentalhealth,andalcoholconsumptionmeasures,
missingresponseswereconsideredto indicatetheabsenceof theeventor condition,because
our outcomeof interestswasªpastreportof behaviours.ºWheretherewasno reportof these
measures,includingmissing,weclassifiedanswersasªno.º Forall othervariablesthatwere
not classifiedasªyesºor ªno,º missingvalueswereexcludedfrom theanalyses.

Time-updated measures

Age,recentHIV test,CLS,CLSwith 2or morepartners,sexualCLSrole,groupsex,chemsex
(adifferentvariablefrom recreationaldrugusevariableatbaselinequestionnaire;ªhaveyou
useddrugsbeforeor during sex(chemsex)in thelastthreemonths?º,classifiedasªyesºor
ªnoº), andbacterialSTIdiagnosiswerealsousedastime-varyingvariablesderivedfrom base-
line,4-monthly,andannualquestionnaires.Relationshipstatus,PrEPuse,PEPuse,recrea-
tional druguse,injectiondruguse,depressivesymptoms,anxietysymptoms,andalcoholuse
weretime-varyingvariablesderivedfrom baselineandannualquestionnaires.All othervari-
ableswerefixedvariablesthatwereonly ascertainedatbaseline.

Ascertainment of incident HIV

Therewere2methodsof ascertainmentof incidentHIV diagnosisduring follow-up.First,rec-
ordsof all GBMSMenrolledin theAURAH2 studywerelinked to nationalHIV surveillance
databyPHE[14,15].Thedatabasescollectinformation on newHIV diagnosesfrom
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laboratories,genitourinarymedicine(GUM) clinics,generalpractitioners(GPs),andother
serviceswhereHIV testingtakesplacein England.Thedatalinkageprocesswascarriedout
usingadeterministicandhierarchicalalgorithm,basedon genderidentity,dateof birth, year
of birth, countryof birth, ethnicity,originatingclinic, yearsin theUK, andfirst initial and
Soundexcode(a4-charactercodingof anadultsurname).All datacollectedaspartof the
nationalHIV surveillanceprogrammein theUK ispseudo-anonymised;no namesarecol-
lected.Thedatamatchingprocesswascompletedin November2019.Foreachstudypartici-
pantthatmatchedto theHIV surveillancedataset,PHEdatawereprovidedon dateand
regionof HIV diagnosis,CD4andviral loadatHIV diagnosis,andif relevant,time from diag-
nosisto linkageto care,time from diagnosisto treatmentinitiation, anddeath.

Thesecondmethodof ascertainmentof newHIV diagnoseswasthroughtheonlinefollow-
up questionnaires;participantswereaskedaboutthedateandresultsof mostrecentHIV test.
All theparticipantswhoreportedbeingnewlydiagnosedwith HIV in afollow-upquestion-
nairewerealsoidentifiedashavinganewHIV diagnosisin thePHEsurveillancedatabases.
Linkagewith PHEdatabasesalsoidentifiedasmallnumberof participantswhowerepositive
atentryto thestudy(n = 3); thesemenwereexcludedfrom analysis.

Statistical analysis

For theanalysesof HIV incidenceandbaseline-associatedfactors,all menenrolledin
AURAH2 wereincluded.IncidentHIV infectionwasdefinedasseroconversionfrom HIV±
negativestatusatbaselineto HIV±positiveduring follow-up,confirmedbyPHE.Person-years
(PY)of follow-upwerecalculatedfrom thedateof completingthebaselinequestionnaireuntil
(1) thedateof HIV diagnosisfrom PHEfor menwhoseroconvertedor (2) 3 monthsbefore
thedateof datalinkagewith PHEdatasetswascompleted(June30,2019)for menwhodid not
seroconvert.Dueto thelinkagewith PHEdatafor ascertainmentof theendpoint,all men
couldbeconsideredasremainingunderfollow-upovertheentireperiod,evenif follow-up
questionnaireswerenot completed.

HIV incidencerates(IRs)werecalculatedasthenumberof newHIV infectionsdividedby
thenumberof PYof follow-up,reportedwith 95%confidenceintervals(95%CIs).IRswere
calculatedper100PY,overallandaccordingto calendaryearfrom 2013until 2019.Asthe
studystartedon July30,2013andendedon June30,2019,thefirst 2 years(2013to 2014)and
thelast2 years(2018to 2019)werecombined.Theassociationsof baselinefactorsandcurrent
calendaryearasacontinuousvariablewith HIV incidencewereanalysedbycalculatingHIV
IRsandusing2-levelrandom-interceptproportionalhazardmodelswith sexualhealthclinic
sitesdefiningthesecondlevelto estimateconditionalhazardratios(HRs).Theconditionaldis-
tribution of theresponsegiventherandomeffectswasassumedto beaWeibull distribution.
HRswith 95%CI arepresentedunadjusted,andadjustedfor sociodemographicfactorsthat
werenot influencedbyHIV incidenceandsexualbehaviour:ageatbaseline,countryof birth
andethnicity,sexualidentity,andeducation.

Changesin theannualprevalenceof sexual/HIV-relatedrisk behavioursovertime were
alsoexamined.Theprevalenceof CLSwith 2 or morepartners,groupsex,bacterialSTI,any
recreationaldruguse,injectiondruguse,noninjectionchemsex-relateddruguse(all in the
previous3months),andPrEPandPEPusein theprevious12monthswascalculatedfor each
yearfrom 2013/14to 2018/19,usingall availablebaselineandfollow-upquestionnairesfrom
all participantsateachtime point. Trendsovercalendartime during theAURAH2 study
periodwereassessedusingunivariategeneralisedestimationequation(GEE)modelswith a
logit link androbuststandarderrors,accountingfor multiple questionnairesresponsesfrom
individual participants.
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Wealsoperformedanadditionallongitudinalanalysisamongmenwhocompletedat least
1onlinefollow-upquestionnaireto examinetime-updatedfactorsassociatedwith HIV inci-
dence.Weused2-levelrandom-intercept Poissonregressionmodels,unadjustedandadjusted
for age(time-updated),countryof birth andethnicity,sexualidentity,andeducation,usingall
availablebaselineandfollow-upquestionnaires.Wepresenttheseresultsasincidencerate
ratios(IRRs)with their corresponding95%CI. In themultivariableanalyses,thewholestatisti-
calunit for asingleindividual with missingvalueswasexcludedfrom theanalysesif avaluefor
oneof thecovariateswasmissing(completecaseanalysis).

All analyseswereplannedprior to analysingfinal datasetsfrom PHEin November2019(S1

Analyses Plan), andno data-drivenchangestook placeto theseanalyses,exceptthatweused
mixed-effectsmodellinginsteadof Coxproportionalhazardmodelling(indicatedin theanaly-
sesplan),in responseto peerreviewcomments.Theuseof hierarchicalmodelswaschosento
takeinto accountof clusteringaccordingto clinic. All analyseswereconductedusingStatasta-
tisticalsoftware(version15.1).

Results

Characteristics of the participants

BetweenJuly2013andApril 2016,atotalof 1,162HIV±negativemenwereenrolledin the
study(Table 1). At baseline,themeanageof participantswas34years(standarddeviation
[SD]:10.4;interquartilerange[IQR]: 26to 39),81.9%wereof whiteethnicity,93.6%self-
reportedbeinggay,74.4%hadauniversitydegree,82.9%reportedbeingemployed,and77.4%
alwayshadmoneyto coverbasicneeds.In theprevious3months,63.9%reportedhavinghad
CLS,35.4%reportedCLSwith 2or morepartners,12.7%reportedCLSwith HIV±positivepart-
ners,43.1%reportedgroupsex,60.0%reportedtheuseof at least1 recreationaldrug,and3.3%
reportedinjectiondruguse.Thetypeof drug injectedwasnot ascertainedin thebaselineques-
tionnaire,but all 38peoplewhoinjecteddrugsreportedhavingtakenat least1chemsex-related
drug in thepast3months.Overall,38.0%of menreportedhavingbeendiagnosedwith abacte-
rial STIin thepastyear,and5.0%and20.7%reportedeverhavingtakenPrEPandPEP,respec-
tively,in thepastyear.Threeindividualsdid not completethebaselinequestionnaire.The
proportion of missingresponseswaslow (<5% for all variables)(seefootnotesin Table 1).

Of the1,162menenrolled,all wereincludedin thePHElinkagefor ascertainmentof new
HIV diagnosis.Of theAU : PerPLOSstyle; numeralsarenotallowedatthebeginningofasentence:PleaseconfirmthattheeditstothesentenceOfthe1;162men; 622completedatleast1online:::arecorrect; andamendifnecessary:1,162men,622completedat least1 onlinefollow-upquestionnaire
(54%),of whom483(78%of 622)completedat least1 annualfollow-upquestionnaire,and
400men(64%of 622)werefolloweduntil theendof thestudy.Men whowereolder,had
greaterfinancialsecurity,with morestablehousing,with universityleveleducation,andwere
employedweremorelikely to continueon thestudy(622menversus540menwhocompleted
only thebaselinequestionnaire)(S1 Table). Thenumberof follow-upquestionnaires
(4-monthlyandannual)completedby theendof thestudyperiodwas3,277.Participantscom-
pletedamedianof 6 (IQR:3 to 7) onlinequestionnaires.

Trends in HIV incidence

In total,33of 1,162men(2.8%)werenewlydiagnosedwith HIV during theperiodfrom the
dateof completionof their baselinequestionnaireuntil June2019.Of all 33diagnosesidenti-
fiedby thePHElinkage,15wereself-reportedby theparticipanton oneof theAURAH2
onlinefollow-upquestionnaires.Therewereno additionalunconfirmedself-reportedHIV
diagnoses.The3menwhodid not completeabaselinequestionnairewereincludedin the
incidenceanalysisasdataon their age,HIV status,andPYof follow-up time wereavailable
from PHE.Therewereno deathsrecordedamongthe33mendiagnosedwith HIV.
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Table 1. Baseline characteristics and association with incident HIV among 1,162 GBMSM participating in the AURAH2 prospective study, 2013–2019AU : PleaseconfirmthesignificanceofasteriskinTable1captionandprovideafootnotebelowthetable:�.

Baseline characteristics Participants N
(%)

HIV infections from

baseline– 2019 n (%)

PY at

risk

HIV IR per 100

PY (95% CI)

Unadjusted conditional

HR (95% CI)

p-value

Demographic characteristics

Age at baseline category, years

<25
25±29
30±34
35±39
40±44
�45
Mean age (SD)

Median age (IQR)

275(23.9)
207(17.9)
227(19.7)
156(13.5)
121(10.5)
167(14.5)
34 (10.4)

31 (26–39)

8 (2.9)
3 (1.5)
5 (2.2)
8 (5.1)
4 (3.3)
5 (2.9)

1087.61
839.50
896.65
605.63
480.92
674.09

0.74(0.37±1.47)
0.36(0.11±1.10)
0.56(0.23±1.34)
1.32(0.66±2.64)
0.83(0.31±2.22)
0.74(0.31±1.78)

1 (Ref)
0.49(0.13±1.85)
0.76(0.25±2.32)
1.79(0.67±4.76)
1.13(0.34±3.77)
1.02(0.33±3.12)

0.421
0.417[t]

Country of birth and ethnicity§

Born in theUK, white
Born in theUK, otherethnicity
Non-UK born,white
Non-UK born,otherethnicity

568(49.4)
60(5.2)

374(32.5)
148(12.9)

10(1.8)
1 (1.7)
17(4.5)
2 (1.4)

2,296.31
242.16
1,463.62
581.72

0.44(0.23±0.81)
0.41(0.06±2.93)
1.16(0.23±1.34)
0.34(0.66±2.64)

1 (Ref)
0.94(0.12±7.38)
2.63(1.21±5.76)
0.78(0.17±3.54)

0.176

Sexual identity

Gay
Bisexual/other

1,076(93.6)
74(6.4)

26(2.4)
4 (5.4)

4,291.83
291.26

0.61(0.41±0.89)
1.37(0.52±3.66)

1 (Ref)
2.26(0.79±6.49)

0.128

Socioeconomic characteristics and partnership status

Education

University degree
Otherqualification
No qualification

853(74.4)
272(23.8)
21(1.8)

17(1.9)
11(4.4)
2 (9.5)

3,413.05
1,108.62
75.83

0.49(0.31±0.80)
1.02(0.56±1.84)
2.64(0.66±10.55)

1 (Ref)
2.01(0.94±4.28)

4.65 (1.07–20.14)

0.014

0.013[t]

Employed²

Yes
No

952(82.9)
197(17.1)

29(3.1)
1 (0.5)

3,767.14
812.17

0.77(0.53±1.10)
0.12(0.01±0.87)

1 (Ref)
0.16(0.02±1.19)

0.074

Money to cover basic needs

All of thetime
Mostof thetime
Sometimes/No

896(77.4)
194(16.8)
68(5.9)

24(2.7)
5 (2.6)
1 (1.5)

3,581.41
768.90
264.84

0.67(0.45±1.00)
0.65(0.27±1.56)
0.38(0.05±2.68)

1 (Ref)
0.97(0.37±2.54)
0.55(0.07±4.09)

0.627
0.613[t]

Housing status₴

Renting
Homeowner
Unstableor other

680(59.3)
314(27.4)
153(13.3)

13(1.9)
14(4.5)
3 (1.9)

2,707.24
1,252.75
611.33

0.48(0.28±8.27)
1.11(0.66±1.89)
0.49(0.16±1.52)

1 (Ref)
2.34(1.10±4.97)
1.02(0.29±3.58)

0.342
0.330[t]

Ongoing relationship

Yes,living with partner
Yes,not living with partner
No

272(23.5)
193(16.7)
693(59.8)

11(4.0)
3 (1.6)
16(2.3)

1,080.22
783.15
2,755.05

1.01(0.56±1.84)
0.38(0.12±1.19)
0.58(0.36±0.95)

1 (Ref)
0.38(0.10±1.35)
0.57(0.26±1.22)

0.200
0.191[t]

Sexual/HIV-related behaviour characteristics

HIV test in the past 6 months

No
Yes

322(27.8)
837(72.2)

6 (1.9)
24(2.9)

1,324.99
3,293.42

0.45(0.20±1.01)
0.73(0.49±1.09)

1 (Ref)
1.57(0.64±3.85)

0.325

CLS in the past 3 months³

No
Yes

418(36.1)
741(63.9)

4 (0.9)
26(3.5)

1,704.76
2,913.66

0.23(0.09±0.63)
0.89(0.61±1.31)

1 (Ref)
3.75 (1.31–10.74) 0.014

Number of CLS partners in the past 3

months³

No CLSpartners
OneCLSpartner
2±4CLSpartners
5±10CLSpartners
More than10CLSpartners

424(36.6)
325(28.0)
293(25.3)
60(5.2)
57(4.9)

4 (0.9)
3 (0.9)
11(3.8)
5 (8.3)
7 (12.3)

1,727.09
1,306.35
1,163.99
212.67
208.30

0.23(0.09±0.62)
0.23(0.07±0.71)
0.95(0.52±1.71)
2.36(0.98±5.64)
3.36(1.60±7.05)

1 (Ref)
0.98(0.22±4.40)

4.05 (1.29–12.72)

9.60 (2.58–35.76)

14.04 (4.11–47.98)

<0.001

<0.001

[t]

CLS with partners known to be HIV positive

in the past 3 months³

No
Yes

1,012(87.3)
147(12.7)

16(1.6)
14(9.5)

4,086.01
532.41

0.39(0.24±0.64)
2.63(1.56±4.44)

1 (Ref)
6.45 (3.15–13.22)

<0.001

(Continued )
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Table 1. (Continued)

Baseline characteristics Participants N
(%)

HIV infections from

baseline– 2019 n (%)

PY at

risk

HIV IR per 100

PY (95% CI)

Unadjusted conditional

HR (95% CI)

p-value

Sexual role CLS in the past 3 months

No CLS/didnot statewhichpartner
Alwaysinsertive
Alwaysreceptive
Versatile(sometimesinsertive,sometimes
receptive)

423(36.5)
217(18.7)
157(13.6)
362(31.2)

4 (0.9)
2 (0.9)
3 (1.9)
21(5.8)

1,724.83
877.05
623.35
1,393.19

0.23(0.08±0.62)
0.22(0.05±0.91)
0.48(0.15±1.49)
1.51(0.9±2.31)

1 (Ref)
0.98(0.18±5.35)
2.06(0.46±9.19)

6.35 (2.18–18.51)

<0.001

Number of new sexual partners in the past 12

months~

0±10newpartners
11±49newpartners
50±99newpartners
100or morenewpartners

688(59.4)
367(31.6)
72(6.2)
32(2.8)

9 (1.3)
15(4.1)
4 (5.6)
2 (6.3)

2,772.34
1,446.30
272.66
127.12

0.32(0.17±0.62)
1.04(0.63±1.72)
1.47(0.55±3.91)
1.57(0.39±6.29)

1 (Ref)
3.17 (1.39–7.26)

4.40 (1.35–14.29)

4.84 (1.05–22.41)

0.001

0.001[t]

Group sex in the past 3 months

No
Yes

659(56.9)
500(43.1)

4 (0.6)
64(12.8)

2,670.75
1,947.67

0.15(0.06±0.39)
1.33(0.91±1.96)

1 (Ref)
8.81 (3.07–25.24)

<0.001

Fisting or sex toys use in the past 3 months

No
Yes

745(64.3)
414(35.7)

16(2.2)
14(3.4)

2,982.81
1,635.61

0.54(0.33±0.88)
0.86(0.51±1.45)

1 (Ref)
1.59(0.77±3.25)

0.202

Sex for drugs or money in the past 3 months

No
Yes

1,104(95.2)
55(4.8)

26(2.4)
4 (7.3)

4,418.16
200.26

0.59(0.40±0.86)
1.99(0.75±5.32)

1 (Ref)
3.27 (1.14–9.38)

0.027

PEP use in the past 12 months

No
Yes

919(79.3)
240(20.7)

19(2.1)
11(4.6)

3,709.52
908.89

0.51(0.33±0.80)
1.21(0.67±2.18)

1 (Ref)
2.29 (1.09–4.81)

0.029

PrEP use in the past 12 months

No
Yes

1,101(95)
58(5.0)

27(2.7)
3 (5.2)

4,408.52
209.49

0.61(0.42±0.89)
1.43(0.46±4.44)

1 (Ref)
2.21(0.67±7.30)

0.190

Bacterial STI diagnoses in the past 12 months

No
Yes

719(62.0)
440(38.0)

9 (1.3)
21(4.8)

2,936.07
1,682.35

0.31(0.16±0.59)
1.25(0.81±1.91)

1 (Ref)
3.95 (1.81–8.63)

0.001

Health and lifestyle characteristics

Smoking status

Neversmoked
Ex-smoker
Regularsmoker

612(53.1)
290(25.2)
250(21.7)

14(2.3)
8 (2.8)
8 (3.2)

2,452.23
1,163.82
977.79

0.57(0.34±0.96)
0.69(0.34±1.37)
0.82(0.41±1.64)

1 (Ref)
1.20(0.50±2.87)
1.41(0.59±3.37)

0.735

Recreational drug use in the past 3 months

No
Noninjection drugandnon-chemsexuse
Chemsex-relateddruguse(no injection)
Injectiondruguse

464(40.0)
336(29.0)
321(27.7)
38(3.3)

3 (0.7)
8 (2.4)
13(4.1)
6 (15.8)

1,895.32
1,350.96
1,254.47
126.67

0.16(0.05±0.49)
0.59(0.29±1.18)
0.97(0.61±1.79)
4.74(2.13±10.54)

1 (Ref)
3.73(0.99±14.05)
6.45 (1.84–22.64)

27.96 (6.99–111.85)

<0.001

<0.001

[t]

Higher-risk alcohol consumption (modified

WHO AUDIT-C score of �6)

No
Yes

935(80.1)
224(19.3)

25(2.7)
5 (2.2)

3,721.68
896.74

0.67(0.45±0.99)
0.56(0.23±1.34)

1 (Ref)
0.83(0.32±2.17)

0.714

Depressive symptoms (PHQ-9 score�10)

No
Yes

1,018(87.8)
141(12.2)

26(2.6)
4 (2.8)

4,064.75
553.67

0.64(0.43±0.93)
0.72(0.27±1.92)

1 (Ref)
1.12(0.39±3.20)

0.844

Anxiety symptoms (GAD-7 score�10)

No
Yes

1,033(89.1)
126(10.9)

28(2.7)
2 (1.6)

4,118.39
500.03

0.68(0.47±0.98)
0.39(0.10±1.59)

1 (Ref)
0.58(0.14±2.45)

0.462

(Continued )
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TheAU : TheabbreviationlistinTable1hasbeenupdated:Pleaseverifythatallentriesarecorrect:overallHIV IR in thiscohortwith 4,618.9PYof follow-up time was0.71(95%CI 0.51
to 1.00)per100PY(Fig 1 and Table 2). HIV incidencefell progressivelyfrom 2013until 2019;
from 1.47(95%CI 0.48to 4.57)per100PYin 2013/2014to 0.25(95%CI 0.08to 0.78)per100
PYin 2018/2019.Theincidencedeclinedon averageby0.85-foldperyearfrom 2013to 2019
(p < 0�001,modelledusingmixed-effectsWeibull proportionalhazard).

Themostcommonagecategoryatthetimeof newHIV diagnoseswasbetween35and44
years,with atotalof 13men(39.4%)in thisagerangebeingdiagnosedwith HIV, followedbymen
in theagecategoryof 25to 34years(8men,24.2%),<25 years(7men,21.2%),and�45years(5
men,15.2%).Themedian(IQR) ageat timeof newHIV diagnosiswas35years(26to 40).

Table 1. (Continued)

Baseline characteristics Participants N
(%)

HIV infections from

baseline– 2019 n (%)

PY at

risk

HIV IR per 100

PY (95% CI)

Unadjusted conditional

HR (95% CI)

p-value

Year of enrolment

2013
2014
2015
2016

28(2.4)
152(13.1)
788(67.8)
194(16.7)

2 (7.1)
3 (1.9)
21(2.7)
7 (3.6)

149.98
735.62
3,115.90
617.36

1.33(0.33±5.33)
0.4(0.13±1.26)
0.67(0.44±1.03)
1.13(0.54±2.38)

1 (Ref)
0.29(0.05±1.94)
0.43(0.09±1.93)
0.67(0.11±4.09)

0.430

All measureswereself-reported,missingdata,or missingquestionnairefor:

Age:9 (all HIV negative);Countryof birth andethnicity,Sexuality:12(9 HIV negative,3 HIV positive); Universityeducation:16(13HIV negative,3 HIV positive);

Relationshipstatus,Moneystatus:4 (1 HIV negative,3 HIV positive);Employment:13(10HIV negative,3 HIV positive);Housingstatus:15(12HIV negative,3 HIV

positive);Smokingstatus:10(7 HIV negative,3 HIV positive);HIV test,CLS,Numberof CLSpartners, Newsexualpartners, SexualCLSrole,Groupsex,Fistingor sex

toysuse,PEPuse,PrEPuse,Recreational druguse,STIdiagnoses, Alcoholconsumption, Depressivesymptoms,andAnxietysymptoms:3 (all HIV positive).

[t] p-valuefor trend.
§Otherethnicity includesblack,Asian,mixed,andotherethnicgroup.
²Employedgroupincludesfull-time (n = 845)andpart-time(n = 107)employment/self-employment;No employment groupincludesunemployedregistered or not

registeredfor benefits(n = 60),sickor disabled(n = 6), retired(n = 24),andother(studentor training or lookingafterhomeor dependentsor other)(n = 107).
₴Rentinghousingincludesprivaterentingandrentingfrom councilor housingassociation;unstableor otherhousingincludestemporaryaccommodation,stayingwith

friendsor family,otheraccommodation, andhomeless.
³CLSwith menonly.
~Newpartnersincludemenandwomen.

AURAH2,TheAttitudesto andUnderstanding of Riskof Acquisition of HIV 2 study;CI, confidenceinterval;CLS,condomlessanalsex;GAD-7,generalisedanxiety

disorder-7; GBMSM,gay,bisexual,andothermenwhohavesexwith men;HR,hazardratio; IQR, interquartile range;IR, incidencerate;PEP,postexposure

prophylaxis; PrEP,preexposure prophylaxis; PY,person-years;PHQ-9,patienthealthquestionnaire-9;SD,standarddeviation;STI,sexuallytransmittedinfection;

WHO-AUDIT, World HealthOrganization±AlcoholUseDisordersIdentificationTest.

https://doi.org/10.1371/journal.pmed.1003677.t001

Fig 1. HIV incidence amongAU : PleasecorrectIncindencetoIncidenceinthey � axisinFig1andprovideanewFig1file:GBMSM in the AURAH2 study, 2013–2019AU : PleasenotethattheasterisksinFig1legendandcaptionandTable2captionhavebeenremoved:. AURAH2, TheAttitudesto and
Understanding of Riskof Acquisitionof HIV 2study;CI, confidenceinterval;GBMSM,gay,bisexual,andothermen
whohavesexwith men;PY,person-years.

https://doi.org/10.1371/journal.pmed.1003677.g001
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Association of baseline factors with incident HIV

Table1presentstheassociationof baselinefactorswith incidentHIV diagnosis.In univariable
mixed-effectsWeibull proportionalhazardmodels,thefactormoststronglyassociatedwith HIV
acquisitionwasreportinginjectiondrugusein thepast3months,with analmost28-foldhigher
ratecomparedto menwhodid not report recreationaldruguse(HR 27.96,95%CI 6.99to
111.85,globalp < 0.001).TheHIV IR amongpeoplewhoinjecteddrugswas4.74(95%CI 2.13
to 10.54)per100PY.Havingusedat least1noninjectionchemsex-relateddrugwasalsostrongly
associatedwith HIV acquisition(HR 6.45,95%CI 1.84to 22.64,comparedto no druguse);the
associationwith non-chemsex±relateddrugswasweaker(HR 3.73,95%CI 0.99to 14.05).

Othersexual/HIV-relatedbehaviourrisk factorswerestronglyassociatedwith increasedrisk
of HIV infection:CLS(HR 3.75,95%CI 1.31to 10�74,p = 0.014),greaternumberof CLSpart-
ners,with increasedrisk for thosehavingat least2partners(HR for 2 to 4partners4.05,95%CI
1.29to 12.72;HR for 5 to 10partners9.60,95%CI 2.58to 35.76,HR for morethan10partners
14.05,95%CI 4.11to 47.98,comparedwith no CLS,globalp < 0.001),CLSwith HIV±positive
partners(HR 6.45,95%CI 3.15to 13.22,p < 0.001),versatileCLSrole(HR 6.35,95%CI 2.18to
18.51,p < 0.001),groupsex(HR 8.81,95%CI 3.07to 25.24,p < 0.001),andsexfor drugsor
money(HR 3.27,95%CI 1.14to 9.38,p = 0.027)in thepast3months;reportingabacterialSTI
diagnosisin thepast12months(HR 3.95,95%CI 1.81to 8.63,p = 0.001),reportingmorethan
10newsexualpartnersin thepast12months(HR for 11to 49newpartners3.17,95%CI 1.39
to 7.26,HR for 50to 99newpartners4.40,95%CI 1.35to 14.29,HR for 100or morenewpart-
ners4.84,95%CI 1.05to 22.41,comparedto 0 to 10newpartners,globalp = 0.001)andhaving
usedPEPin thepast12months(HR 2.29,95%CI 1.09to 4.81,p = 0.029).

Forsocioeconomicanddemographiccharacteristics,lowerlevelof educationwasassociated
with increasedrisk of HIV infection(HR for no qualification4.65,95%CI 1.07to 20.14com-
paredto universitydegree,globalp = 0.014).Therewassomeevidencethatnonemployedmen
wereat lowerrisk of infectionthanemployedmen(HR 0.16,95%CI 0.02to 1.19,p = 0.074).

Adjustmentfor ageatbaseline,countryof birth andethnicity,sexualidentity,andeduca-
tion did not materiallychangetheassociationsbetweenincidentHIV andbaselinefactors(S2

Table). Therewereno significantassociationsof agegroup,housingstatus,financialstatus,
relationshipstatus,HIV testin thepast6months,fistingor sextoysusein thepast3months,
PrEPusein thepast12months,smokingstatus,alcoholconsumption,depressivesymptoms,
andanxietysymptomsatbaselinewith risk of HIV infection(Table 1).

Prevalence of sexual risk behaviours over time

Fig 2 showsthetrendsin reportedsexualrisk behaviours,druguse,andtheuseof PrEPand
PEPbycalendaryear,basedon all availablebaselineandfollow-upquestionnairesfrom all

Table 2. HIV incidence among GBMSM participating in the AURAH2 prospective study, 2013–2019.

Calendar year PY No. of HIV infections IR (per 100 PY) 95% CI

2013/2014 203.55 3 1.47 0.48±4.57

2015 953.53 10 1.05 0.56±1.95

2016 1,139.29 11 0.97 0.53±1.74

2017 1,134.80 6 0.53 0.24±1.18

2018/2019 1,187.69 3 0.25 0.08±0.78

Overall 4,618.86 33 0.71 0.51–1.00

AURAH2AU : AnabbreviationlisthasbeencompiledforthoseusedinTable2:Pleaseverifythatallentriesarecorrect:, TheAttitudesto andUnderstanding of Riskof Acquisition of HIV 2 study;CI, confidenceinterval;GBMSM, gay,bisexual, andothermenwhohavesexwith

men;IR, incidencerate;PY,person-years.

https://doi.org/10.1371/journal.pmed.1003677.t002
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1,162participantsenrolled(total 4,439questionnaires).Fig 2A showsthat theannualpreva-
lenceof CLSwith 2 or morepartnersin thepast3 monthsincreasedsomewhatfrom 38.3%to
41.0%(p-valuefor lineartrend from GEElogisticmodel= 0.006)between2013/2014and
2018,whilegroupsexdeclinedsubstantiallyfrom 46.7%to 24.2%(p < 0.001),asdid bacterial
STIdiagnosesin thelast3 monthsfrom 20.1%to 9.2%(p < 0.001)between2015and2018.
ForbacterialSTIs,datawerenot includedfrom thebaselinequestionnaire(since2013)asit
askedaboutdiagnosesin theprevious12monthsratherthanin thelast3months.Any recrea-
tional drugusein thepast3 monthsdecreasedfrom 57.2%to 45.5%(p < 0.001),while injec-
tion druguse(prevalencearound2%,p = 0.903)andtheuseof at least1 chemsex-relateddrug
(prevalencebetween20%and30%,p = 0.232)werestable(Fig 2B). Past12-monthPrEPuse
increasedsignificantlyfrom 2.22%to 43.4%(p < 0.001);on theotherhand,PEPusepeakedat
21.9%in 2016,thendeclinedto 7.6%in 2018(p = 0.07)(Fig 2C).

Association of time-updated factors with incidence HIV among men who

completed at least one online follow-up questionnaire

Amongthe622menwhocompletedanonlinefollow-upquestionnaire,19werediagnosed
with HIV during theperiodfrom thedateof completionof their baselinequestionnaireuntil
June30,2019.With atotalof 2,495PYof follow-uptime,theoverallHIV IR in thissubgroupof
menwas0.76(95%CI 0.49to 1.19)per100PY,similar to theoverallIR amongall menenrolled
in theAURAH2 cohort(0.71,95%CI 0.51to 1.00per100PY).Table 3 showsunadjustedand
adjustedIRRsfrom mixed-effectsPoissonmodelsfor factorsassociatedwith HIV incidence
amongthesemen(total completeobservations3,821questionnaires).In thisanalysis,age,part-
nershipstatus,sexual/HIV-relatedbehaviours,PrEPandPEPuse,andhealthandlifestylevari-
ablesweretime updated,whereasethnicityandcountryof birth, education,employment,
sexualidentity, financialstatus,andhousingstatuswerefixedvariablesthatwereonly askedat
baselinequestionnaires.Longitudinalfactorsassociatedwith HIV incidenceamongthesemen
werequitesimilar to thoseamongthe1,162men,in particular,injectiondruguse(unadjusted
IRR21.67,95%CI 3.96to 118.30,p < 0.001),chemsex(3.89,95%CI 1.35to 11.22,p = 0.012),
CLSwith 2or morepartners,versatileCLSrole,groupsex(all in theprevious3months),bacte-
rial STIdiagnosis(in theprevious12monthsat thebaselinequestionnaireandin thepast3
monthsat the4-monthlyandannualquestionnaires),andcalendaryear.

Fig 2. Annual prevalence of sexual/HIV-related behaviours among GBMSM in the AURAH2 study, 2013–2018�. �Annualreports
of (A) sexualrisk behaviours in theprevious3months,datafrom all availablebaseline,4-monthly,andannualquestionnaires(N =
4,439questionnaires),bacterialSTIin theprevious3months,datafrom 4-monthlyandannualquestionnaires(N = 3,277
questionnaires);(B) recreationaldrugusein thepast3months,datafrom baselineandannualquestionnaires(N = 2,104
questionnaires);(C) PrEPandPEPusein thelast12months,datafrom baselineandannualquestionnaires(N = 2,085
questionnaires).AURAH2AU : TheabbreviationlistinFig2hasbeenupdated:Pleaseverifythatallentriesarecorrect:, TheAttitudesto andUnderstanding of Riskof Acquisition of HIV 2study;GBMSM,gay,bisexual,and
othermenwhohavesexwith men;PEP,postexposureprophylaxis;PrEP,preexposureprophylaxis;STI,sexuallytransmitted infection.

https://doi.org/10.1371/journal.pmed.1003677.g002

PLOS MEDICINE Trends in HIV incidence between 2013–2019 and baseline factors among GBMSM in the AURAH2 study

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003677 June 18, 2021 12 / 20

https://doi.org/10.1371/journal.pmed.1003677.g002
https://doi.org/10.1371/journal.pmed.1003677


Table 3. Longitudinal factors associated with incident HIV among 622 GBMSM who completed at least 1 online follow-up questionnaire, 2013–2018�.

Unadjusted IRR (95% CI) p-value Adjusted€ IRR (95% CI) p-value

Demographic characteristics

Age (time-updated) per year 3,785obs
1.00(0.96±1.05)

0.843 3,770obs
1.02(0.97±1.06)

0.400

Age (time-updated) category

<25
25±29
30±34
35±39
40±44
�45

3,785obs
Ref
0.22(0.02±1.93)
0.41(0.07±2.23)
0.72(0.16±3.23)
0.35(0.04±3.14)
0.86(0.23±3.21)

0.676 3,770obs
Ref
0.65(0.21±1.92)
0.61(0.22±1.97)
0.99(0.19±5.17)
0.49(0.05±4.92)
1.21(0.28±5.21)

0.325

Country of birth and ethnicity

Born in theUK, white
Born in theUK, otherethnicity
Non-UK born,white
Non-UK born,otherethnicity

3,782obs
Ref
1.63(0.20±13.29)
0.97(0.28±3.31)
0.74(0.09±6.03)

0.953 3,770obs
Ref
1.77(0.21±15.04)
1.00(0.29±3.46)
0.79(0.09±6.54)

0.905

Sexual identity

Gay
Bisexual/other

3,793obs
Ref
1.63(0.21±12.54)

0.639 3,770obs
Ref
1.82(0.23±14.34)

0.569

Socioeconomic characteristics and partnership status

University education

Yes
No

3,805obs
Ref
0.94(0.29±3.06)

0.923 3,770obs
Ref
0.95(0.29±3.09)

0.932

Employed

Yes
No

3,772obs
Ref
0.34(0.04±2.64)

0.305 3,760obs
Ref
0.29(0.03±2.32)

0.243

Money to cover basic needs

All of thetime
Mostof thetime
Sometimes/No

3,805obs
Ref
1.29(0.29±5.83)
0.10(0.05±0.18)

0.744 3,770obs
Ref
1.43(0.30±7.06)
0.12(0.05±0.25)

0.829

Housing status

Homeowner
Renting
Unstable/other

3,750obs
Ref
0.56(0.17±1.85)
0.97(0.19±4.82)

0.611 3,738obs
Ref
0.66(0.16±2.71)
1.12(0.18±6.81)

0.701

Ongoing relationship��

Yes
No

1,536obs
Ref
0.63(0.36±1.08)

0.094 1,522obs
Ref
0.65(0.36±1.17)

0.148

Sexual/HIV-related behaviour characteristics

Recent HIV test²

No
Yes

3,699obs
Ref
1.87(0.51±6.80)

0.340 3,651obs
Ref
1.90(0.52±6.92)

0.329

CLS in the past 3 months

No
Yes

3,821obs
Ref
1.09(0.38±3.14)

0.871 3,770obs
Ref
2.71(0.60±12.23)

0.196

CLS with 2 or more partners

One/none
2 or more

3,819obs
Ref
6.19 (1.72–22.17)

0.005 3,770obs
Ref
9.39 (2.07–42.66)

0.004

Sexual role CLS in the past 3 months

No CLS/didnot statewhichpartner
Alwaysinsertive
Alwaysreceptive
Versatile(sometimesinsertive,sometimesreceptive)

3,803obs
Ref
-
0.95(0.18±4.88)
1.79(0.60±5.32)

0.705 3,752obs
Ref
2.47(0.35±17.67)
4.55 (1.01–21.11)

0.016

Group sex in the past 3 months

No
Yes

3,819obs
Ref
2.98 (1.03–8.61)

0.043

3,770obs
Ref
3.51 (1.14–10.77)

0.029

PEP use in the past 12 months��

No
Yes

1,530obs
Ref
1.04(0.12±8.90)

0.971 1,512obs
Ref
1.16(0.13±10.11)

0.888

(Continued )
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Discussion

Usingaprospectivelyfollowedcohortof initially HIV±negativeGBMSMin Londonand
Brighton,wedemonstrateasubstantialdeclinein HIV incidence,from 1.47per100PYto 0.25
per100PYbetween2013and2019.Theresultsof anearlierreport from England'snational
STIsurveillancesystemalsoestimatedthat theannualHIV incidenceamongmenwhohave
sexwith menattendingEnglishsexualhealthclinicsdecreasedfrom 1.90per100PYin 2012/
2013to 0.79per100PYin 2016/2017[4]. Basedon theCD4back-calculationmodelthat is

Table 3. (Continued)

Unadjusted IRR (95% CI) p-value Adjusted€ IRR (95% CI) p-value

PrEP use in the past 12 months��

No
Yes

1,532obs
Ref
0.96(0.12±7.81)

0.970 1,512obs
Ref
0.99(0.13±7.51)

0.999

Bacterial STI diagnoses‡

No
Yes

3,819obs
Ref
4.46 (1.57–12.68)

0.005 3,770obs
Ref
5.93 (1.95–18.03)

0.002

Health and lifestyle characteristics

Recreational drug use in the past 3 months��

No
Yes

1,536obs
Ref
4.81(0.56±41.26)

0.152 1,518obs
Ref
5.83(0.66±50.97)

0.111

Chemsex in the past 3 months

No
Yes

3,819obs
Ref
3.89 (1.35–11.22)

0.012 3,770obs
Ref
4.81 (1.57–14.74)

0.006

Injection drug use in the past 3 months��

No
Yes

1,536obs
Ref
21.67 (3.96–118.30)

<0.001 1,518obs
Ref
18.99 (3.39–106.14)

0.001

Higher-risk alcohol consumption�� (modified WHO AUDIT-C equals�6)

No
Yes

1,536obs
Ref
2.10(0.58±7.63)

0.260 1,521obs
Ref
1.91(0.51±7.08)

0.335

Depressive symptoms��

(PHQ-9 score�10)

No
Yes

1,536obs
Ref
1.28(0.15±10.64)

0.818 1,521obs
Ref
1.53(0.17±13.31)

0.701

Anxiety symptoms��

(GAD-7 score�10)

No
Yes

1,537obs
Ref
1.88(0.23±15.60)

0.559 1,526obs
Ref
2.06(0.23±18.30)

0.681

Calendar year as a continuous variable 3,821obs
0.52 (0.45–0.59)

<0.001 3,769obs
0.47 (0.28–0.78)

0.004

Calendar year category

2013±2014
2015
2016
2017±2018

3,821obs
Ref
0.26(0.07±1.05)
0.35(0.10±1.19)
0.06 (0.01–0.54)

0.053 3,769obs
Ref
0.17 (0.04–0.82)

0.20 (0.05–0.83)

0.05 (0.01–0.44)

0.010

�

Totalcompleteobservations: 3,821questionnaires;sexual/HIV-relatedbehaviourdatawerebasedon thelasttime manasked;numberof newsexualpartners,fistingor

sextoys,sexfor drugsor money,andsmokingstatuswerenot includedin theanalysisbecausetheywereonly askedat thebaselinequestionnaire.
€Adjustedfor age(time-updated), countryof birth andethnicity,sexualidentity,anduniversityeducation.
��

Datawerenot collectedat the4-monthlyquestionnaire (only baselineandannualquestionnaires).
² In thepast6 monthsat thebaselinequestionnaireandin thepast3 monthsat the4-monthly andannualquestionnaires.
³ InAU : PleasenotethatthesingledaggerinthetablenoteInthepast12monthsatthebaselinequestionnaireand:::hasbeenchangedtodoubledagger:Pleaseconfirmthatthischangeiscorrect:thepast12monthsat thebaselinequestionnaireandin thepast3 monthsat the4-monthlyandannualquestionnaires.

CI, confidenceinterval;CLS,condomlessanalsex;GAD-7,generalisedanxietydisorder-7;GBMSM,gay,bisexual,andothermenwhohavesexwith men;IRR,

incidencerateratio;PEP,postexposureprophylaxis;PHQ-9,patienthealthquestionnaire-9;PrEP,preexposureprophylaxis;STI,sexuallytransmittedinfection;

WHO-AUDIT, World HealthOrganization±AlcoholUseDisordersIdentificationTest.

https://doi.org/10.1371/journal.pmed.1003677.t003
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usedto estimateHIV incidenceamongGBMSMliving in Englandbasedon dataon newHIV
diagnoses,incidencebegunto fall in 2012[2,16].

Thesubstantialdeclinein HIV incidencein our cohortwasalsodescribedin someother
countries[5±7,17,18].It maybeattributedto important behaviouralchangeswithin GBMSM
populations.Thedramaticdeclinein HIV infectionratesin AURAH2 coincideswith declines
in theproportion of individualsreportinggroupsexandanyrecreationaldrugusesince2013,
anddiagnosisof bacterialSTIssince2015.Thedecliningtrendsin groupsexanddiagnosisof
bacterialSTIshavebeenreportedpreviouslyamongmenin AURAH2 whocompletedat least
anonlinefollow-up(n = 622),during theonlinefollow-upperiod(2015to 2018)[19]. This
declinecouldbeafeatureof thefactthat thestudyrecruitedGBMSMattendingsexualhealth
clinicsfor STItesting.Engagementin carefor STImonitoring mayhavehadapreventive
impacton subsequentSTIoccurrence,or aªregressionto themeanºeffectmayhaveoperated
becausethemenwererecruitedatatime of particularlyhighSTIrisk [19]. In contrastto these
trendsin STIs,groupsex,anddruguseoverall,weobservedin thisstudythat theprevalenceof
CLSwith 2or morepartnersslightlyincreased,andtheprevalenceof injectiondruguseand
noninjectionchemsex-relateddruguseremainedrelativelystable,between2013and2018
(baseline±theendof follow-up).Thedeclinein HIV incidenceis,therefore,unlikely to be
solelyexplainedbychangesin sexualbehaviourduring thisperiod.

Lowerlevelsof infectiousHIV in thecommunitydueto moretimely HIV diagnosisand
earliertreatmentamongthoseaccessingHIV carearelikely to havehadarole in declining
incidence,in line with previousprediction[20,21].A recentstudyin Australia,theTAIPAN
study,hasdemonstratedthat thedecreasein community-levelHIV viraemia(�200copies/
mL) from 28.6%in 2012to 12.8%in 2017amongHIV±positivegayandbisexualmenwassig-
nificantly associatedwith decreasingHIV incidencein NewSouthWalesandVictoria (from
0.88per100PYin 2012to 0.22per100PYin 2017)[5].

PrEPuseduring follow-upmayalsohaveimpactedon decliningHIV incidence.An impor-
tant finding in our studywasthat thefall in HIV incidencecoincidedwith amajor increasein
theproportion of menreportingpast12-monthPrEPuseovertime [22], whichcouldindicate
anassociation.In our study,baselineandlongitudinalreportedPrEPusewasnot associated
with reducedHIV incidence.At baseline,only 5%of menreportedPrEPusein thepast12
months,andpossibly,thesemenwereearlyPrEPtakershavinghigh-risksexualbehaviourput-
ting thematparticularlyhigh risk of HIV infection.It ispossiblethatno clearassociationwas
observeddueto opposingfactorsoperatingÐPrEPusedecreasingtherisk of HIV acquisition
on theonehand,andPrEPuseactingasanindicatorof veryhigh-riskbehaviour(similar to
theothermarkersof CLS)on theother.Moreover,in thisstudy,past12-monthPrEPusewas
only askedatbaselineandannualquestionnaires;therefore,wedo not haveacompletepicture
of PrEPuseduring follow-up,or of adherenceor consistencyin usingPrEP.Takentogether,
our resultsareconsistentwith thehypothesisthat thebenefitsof ART in reducingHIV trans-
missionin combinationwith increaseduptakeof PrEPhashadasubstantialimpactin reduc-
ing HIV incidencein theGBMSMpopulation.

Recreationaldrugusewasoneof thestrongestfactorsassociatedwith HIV incidencein this
cohort.HIV incidencewasespeciallyhighamongmenwhoreportedtheuseof injection
drugs,4.8per100PY,almost28-foldhigherthantheincidenceamongmenwhodid not
reportanyrecreationaldrugs.Theuseof noninjectionchemsex-relateddrugsalsoincreased
therisk of HIV incidencemorethan6-fold.A systematicreviewinvestigatingrecreational
drugusein GBMSMhasdemonstratedthatchemsexuseisassociatedwith increasedrisky
behavioursuchasCLSandgroupsex,aswellaswith anincreasein STIsandpoormental
healthsymptoms[23]. Polydrugusehasalsobeenreportedto beassociatedwith condomless
sexandhigherpartnernumbersin HIV±negativeandHIV±diagnosedGBMSMin theUK
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[24,25].Therearelimited dataon injectiondruguseamongGBMSMin theUK andEurope.
Findingsfrom the2014GayMen'sSexSurvey,anonlinesurveyof 14,464GBMSMliving in
theUK, suggestthat injectiondruguse(amphetamine,crystalmethamphetamine,heroin,
mephedrone,GHB/GBL,andketamine)issignificantlyassociatedwith CLSwith multiple
partners[26]. Thesurveyalsofound that injectingwasmostcommonamongthosewhowere
of age30to 59years,livedin London,andwereHIV seropositive.Datafrom Australianand
CanadianGBMSMcohortshavealsoobservedstrongassociationsbetweeninjectingdrugs
andsexualrisk behaviours[27,28].Furtherresearchinto thebarriersto accessingHIV preven-
tion servicesamongGBMSMwhoinjectdrugs,despitetheavailabilityof harmreductionpro-
grammesin theUK, will beuseful.

Wealsoobservedthat therisk of acquiringHIV washigheramongGBMSMwhoreported
high-risksexualbehaviours(CLSwith multipleor HIV±positivepartners,groupsex,greater
numberof newsexualpartners,versatileCLSrole,andsexfor drugsor money)andbacterialSTI
diagnoses.Riskwasparticularlyhighfor menreportinggroupsexandthosewith highernumbers
of CLSpartnersin thepast3months.Thisisconsistentwith findingsfrom othercohortstudies
in theUK andothercountries[8±9,29].Routineinquiry anddocumentationof thesefactors
couldenablebetterdirectionof preventioneffortsatboththeindividual andpopulationlevel.

In theAURAH2 cohort,mostdemographicandsocioeconomicfactorswerenot associated
with incidentHIV. However,weobservedahigherIR amongmenwith nonuniversitylevelof
educationthatmight beexplainedby thehigherprevalenceof high-risksexualbehavioursin
thissubgroupof men.Theprevalenceof past3-monthCLSatbaselinewassignificantlyhigher
amongmenwith no educationalqualifications,at86%(p = 0.038),comparedto menwith uni-
versity-leveleducationandotherqualification(S3 Table). A lowereducationallevelhasbeen
reportedto beassociatedwith risk-takingbehavioursandwith anincreasedrisk of HIV sero-
conversionin Europeanstudies[30,31].Wedid not find evidencethathighalcoholuse,smok-
ing,or symptomsof depressionor anxietywereassociatedwith incidentHIV in thebaseline
associatedfactorsor time-updatedanalysis,althoughCIswerewidefor somefactors.It has
previouslybeenreportedthat therelationshipof mentalhealthsymptomswith sexualbehav-
iour maybecomplexandoperatein bothdirections[32].

Thestrengthsof thisstudyincludetheprospectivedesignandHIV statusconfirmationof
all 1,162participantsenrolledin AURAH2 throughlinkagewith nationalHIV surveillance
data.Thisallowsfor optimum useof availableinformation to estimateHIV incidenceand
trendsfor all menin thecohort.Prior to datalinkage,wehavepresentedour interim results
restrictedto menunderfollow-upwith questionnaire[33±34],adoptingthesinglerandom
point methodto decideHIV infectiondatesbetweenself-reportedfirst HIV positivetest
resultsandlastHIV negativetestresults[35]. Wealsoobservedsignificantdeclineovertime
amongthesemen;however,trendswereonly ableto becalculatedfrom 2015until 2018
(online follow-upperiod),andwemissedanumberof diagnosisthatwerefurther identified
afterlinking our datawith PHE.

Therearesomelimitations to thisstudy.Men in thiscohortwererecruitedfrom sexual
healthclinicsin urbanareasof LondonandBrightonandarepredominantlyhighlyeducated,
employed,in astableeconomicsituation,andof whiteethnicity.Thesemenmaynot berepre-
sentativeof thebroaderGBMSMpopulationin EnglandandtheUK. It ispossiblethat the
incidenceestimatesandrisk factorsidentifiedarenot generalizableto GBMSMwhodo not
attendsexualhealthclinics.Thesmallnumberof HIV infectionsin eachcalendaryearamong
menin thisstudyhasresultedin relativelywideCIsof IRs;therefore,IRsandassociationswith
factorsmustbeinterpretedcarefully.In addition,assessmentof trendsovertime in sexual
behaviourmaybesubjectto ªregressionto themeanºastheclinic visit atwhichrecruitment
occurredmayhavebeenspecificallypromptedbyarecentperiodof higherrisk.For risk

PLOS MEDICINE Trends in HIV incidence between 2013–2019 and baseline factors among GBMSM in the AURAH2 study

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003677 June 18, 2021 16 / 20

https://doi.org/10.1371/journal.pmed.1003677


factorsanalysis,wefocusedon baselinefactorsin orderto includeall datafrom thewhole
cohort,whichmayhaveunderestimatedtheassociationsbetweensexual/HIV-relatedbehav-
ioursandHIV incidence,including theimpactof PrEP.However,weobservedsimilar results
whenanalysiswasrestrictedto 622menusingtime-updatedvariables.In termsof thetime-
updatedanalysis,theonlineretentionof participantswhoinitially registeredin thestudywas
not optimal;however,64%(400of 622)of participantswhocompletedat leastanonlineques-
tionnairewereengagedin thestudythroughout.Our resultsmaybesensitiveto specificrecall
biasandsocialdesirabilitybiasin men'sresponsesin thebaselinequestionnaire.Datalinkage
to surveillancesystemsusingpseudo-anonymisedidentifiershasAU: PleaseconfirmthattheedittothesentenceDatalinkagetosurveillancesystemsusingpseudo � anonymisedidentifiershas:::didnotaltertheintendedthoughtofthesentence:potentialfor mismatchesor
missingseroconversions;however,thishasbeenminimisedbyPHEdatatriangulation;all self-
reportedseroconversionswerevalidatedbyPHEdata.Lastly,thisstudywouldnot include
seroconversionsthatwerenot diagnosedor thosethatwerediagnosedoutsidetheUK.

In summary,this studyprovidesevidenceof asubstantialdeclinein HIV incidence
amongacohortof GBMSMattendingsexualhealthclinicsin England.Our datasuggest
thatGBMSMreportingtheuseof recreationaldrugs,in particularinjectiondrug useand
chemsexdrug use,high-risksexualbehaviourssuchasCLSwith multiple partners,CLS
with HIV±positivepartners,groupsex,andthosewith abacterialSTI,areat increasedrisk
of HIV acquisition.HIV infectionsarealsosignificantlyhigheramongthosewith lowerlev-
elsof educationatbaseline.Temporaltrendsin sexualrisk behavioursanddrug usein the
cohortoverthestudyperiodweremixed,but themarkeddecreasein incidencecoincided
with asubstantialincreasein PrEPuse.Givensimilar findingsfrom recentdataamong
GBMSMin theUK andothercountries,it is likely that theobserveddeclineis largely
relatedto theincreasein testingandearlierART initiation from 2013onwardandthescale-
up of PrEP.Althougheffortsto endHIV epidemicarehavingasubstantialeffect,further
improvementsspeciallyto increaseHIV testcoverageacrossall populationsat risk remain
veryimportant.SustainableandcomprehensiveHIV preventionandcontrol effortsmust
continuein theUK to reachzeronewinfectionsby 2030.
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