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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 in2013/2014 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% CI1 6.99t0 111.85, p  0.001), noninjection
chemsex-related drug use (13/321; HR 6.45, 95% Cl 1.841022.64, 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% Cl 4.11 t0 47.98; 9.60, 95% CIl 2.58 to 35.76; and 4.05, 95% Cl 1.29t0 12.72,
respectively, p  0.001); CLS with HIV—positive partners (14/147; HR 6.45, 95% Cl 3.15 to
13.22, p 0.001), versatile CLS role (21/362; HR 6.35, 95% Cl 2.18 t0 18.51, p  0.001),
group sex (64/500; HR 8.81, 95% CI 3.07 t0 25.24, p  0.001), sex for drugs/money (4/55,
HR 3.27, 95% Cl 1.14 t0 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%
Cl1.811t08.63,p 0.001), and more than 10 new sexual partners (21/471, HRs 11 to 49, 50
t0 99, and 100 new partners: 3.17, 95% CIl 1.39 to 7.26; 4.40, 95% CIl 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 summary

Why was the study done?

- A declinehasbeenobservedn newHIV diagnosesmonggay bisexualandothermen
who havesexwith men(GBMSM)in the United Kingdom.

- Internationally,anoveralldeclinein HIV diagnosesindincidenceamongGBMSMhas
alsobeenreportedin severatitiesin developeaountriessuchasAustralia,the United
Statesthe Netherlandsand someother Europearcountriesbetweer?2013and2019.

- To our knowledgeno prospectivelyollowedcohortstudiesof GBMSMin England
havereportedtrendsin HIV incidencein recentyearsor on factorsassociateith inci-
dentHIV.
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What did the researches do and find?

- Weestimatedrendsin HIV incidencebetweer2013and2019amongacohortof
GBMSMattendingsexuahealthclinics,andwefound adecliningtrend.

- Wealsoassesseddctorsassociatewvith HIV incidence andour findingsemphasis¢he
importanceof awarenessf high-risk sexuabehavioursaandrecreationallrug use(par-
ticularly injection drug useand chemsex-associateldug use)asfactorsassociatedith
HIV acquisition.

- Despiteobservingsignificantdeclinesn HIV incidencejncidencerates(IRs)remained
highamongmenwho reportedinjection drugsuse condomlessexwith multiple part-
ners,andgroupsex.

What do these findings mean?

- Growingevidenceshowsghatthe HIV transmissiordeclinesnaypotentiallybeattrib-
utedto the comprehensiveontrolandHIV treatmenteffortsin the UK.

- Thecontinuationof intensificationof HIV testingimmediateantiretroviraltherapy
(ART) initiation, the useof condoms androutine commissioningof apreexposurgro-
phylaxis(PrEP)programmecould potentiallyensurethatthe declinein HIV incidence
is felt acrossall groupsimpactedby the epidemic.

Introduction

To bring the HIV epidemicundercontrol, therehasbeenamassivescale-upn the treatment
andpreventionof HIV overthe pastdecadd¢hathasledto agradualdeclinein newHIV infec-
tionsglobally[1]. In the United Kingdom (UK), modellingof HIV surveillancelatasuggests
thatthe underlyingincidenceof newHIV infectionshasbeenfalling steadilyfor morethan5
yeargsince2012)[2]. Thedeclinehasbeenparticularlymarkedamonggay,bisexualand
othermenwho havesexwith men(GBMSM),amongwhom 51%of allnewHIV diagnoses
occurredin the UK in 2018[3]. In England the modellednumberof incidentinfections
amongGBMSMhasdeclinedby 65%since2014 with the mostrapid fall after2016[3]. The
steepdeclinescoincidewith a periodwhenincreasingnumbersof menaccessepreexposure
prophylaxis(PrEP)[4]. In addition,during this period,therewereeffortsto increaseuptake
andfrequencyof HIV testing,andHIV treatmentguidelineschangedo recommendprompt
initiation of antiretroviraltherapy(ART) for peoplenewlydiagnosedvith HIV. Declinesin
newHIV diagnoseamongGBMSMhavealsobeenreportedin New SouthWalesin Australia
[5] and SanFranciscaand NewYork City in the United Stateg6,7].

Thereremains howeverlimited datafrom UK prospectivestudiesassessinglV acquisi-
tion risk, associatefhctors,andtemporaltrendsfor incident HIV [8,9]. Suchdatacouldbe
helpfulin providinginsightregardingtherisk factorsdriving the HIV epidemicamong
GBMSMin England.TheAttitudesto and Understandingof Riskof Acquisitionof HIV 2
(AURAH?2) studyis amongthefirst prospectiveobservationatohortstudiesof initially HIVx
negativeaGBMSMin England We soughtto evaluatdrendsin HIV incidencebetweer2013
and2019andtheassociatiorof baselineandtime-updateddemographicsocioeconomic,
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health lifestyle andbehaviourafactorswith HIV incidenceamongGBMSMparticipatingin
AURAH2.

Methods
Study design and participants

Methodologicabdetailsof the studyhavebeenpublishedpreviously{10]. The AURAH2 study
wasa prospectiveohort studythat recruitedGBMSMwhowereHIV negativeor of unknown
HIV statusfrom 3 largesexuahealthclinicsin LondonandBrighton (56 DeanStreetl.ondon;
Mortimer Market Centre ,London;and ClaudeNicol Clinic, Brighton) from July2013to April
2016 Participantswvereeligibleif theywereagedl8yearsor olderand hadattendedhe study
clinicsfor routine testingfor sexuallytransmittedinfections(STIs)or HIV. Men wereclassi-
fiedasGBMSMfor the purpose®f the analysisf theymetatleastoneof thefollowing criteria:
(i) reportedbeinggayor bisexual(ii) reportedanalsexwith amanin the past3 months;or

(iii) reportedhavingdisclosedo their family, friends,or workmatesasbeinggay bisexual,
and/or attractedto men.Participantsvho consentedo the studycompleteda confidential
baselingpaperquestionnairan theclinic. During thefollow-up period, participantsself-com-
pletedsubsequend-monthly andannualquestionnaireshat wereavailableonline from
March 2015until March2018.Thebaselingguestionnairegatherednformation on demo-
graphic,socioeconomidjfestyle healthandwell-beingtrelatedactors knowledgeand under-
standingof HIV, sexuabehavioursSTIdiagnosesand PrEPand postexposur@rophylaxis
(PEP)use.The4-monthly questionnairesissessedformation on HIV statusHIV testinghis-
tory, sexuabehavioursandlifestylefactors Annual questionnairegapturedthe samenfor-
mation asthe 4-monthly questionnaireand additionalinformation on PrEPand PEPusein
the pastyear relationshipstatusand healthandwell-beingfactorsasassesseah the baseline
guestionnaireThis studyis reportedasperthe Strengthenindhe Reportingof Observational
Studiesn Epidemiolog(STROBERuideline(S1 Checklist).

Ethics approval and participant consent

All participantsprovidedwritten, informed consentbeforetaking part. Consentto participate
in the studyincludedconsentfor linkageto PublicHealthEngland(PHE)'sdatasetatthe end
of the studyusinglimited participantidentifiers. The AURAH2 studywasapprovedby the
designatedesearctethicscommittee, The NationalResearclthicsServic§ NRES)commit-
teeLondon-Hampsteadief: 14/L.0/1881in November2014[10]. Basedn theresearctproto-
colandall versionsof studydocumentsthe AURAH2 studysubsequentlyeceivedbermission
for clinicalresearclatthe 3 participatingNationalHealth Servic§ NHS) sitesChelseand
WestminstemNHS FoundationTrust, Centraland North WestLondon NHS Foundation
Trust,andthe Brightonand Susseiniversity HospitalsSNHS Trust. The AURAH2 studywas
registeredn the NIHR clinical researcinetwork portfolio.

Completion of online follow-up questionnaires

Participantsvho completedafirst online follow-up questionnairén March 2015hadthe
option to completeup to 9 online questionnairesasthe follow-up finishedin March2018.
When patrticipantsweredueto completea questionnaire2 remainderemailsweresentafter2
and4 weekdollowedby atext messagéf participantsmissedaquestionnaireatanytime dur-
ing follow-up, theywerestill invited to completesubsequentiuestionnairesAt eachonline
follow-up, participantswereaskedaboutthe mostrecentdateof HIV testandtheresult.
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Baseline measures

All baselineneasuresvereself-reportedn the participantbaselinegjuestionnaireSociodemo-
graphicvariablesncludedagegroup (<25; 25to 29;30to 34;35to 39;40to 44;>45years),
country of birth and ethnicity (white UK born; otherethnicity UK born; white non-UK born;
otherethnicity non-UK born), self-reportedsexualdentity (gay;bisexual/otheplurisexualiden-
tities), education(universitydegreepther qualification;no qualification),ongoingrelationship
(yesliving with partner;yesnot living with partner;no), employmentstatusemployednot
employed)sufficientmoneyfor basicneedqyes;mostly;sometime®r no), and housingstatus
(homeownerrenting including private,housingassociationand council;unstableor other).

We consideredhe following measuresf sexual/HIV-relatedehaviourin the preceding3
months(classifiedas?yesCor 2no° unlesotherwiseindicated):.condomlessinalsex(CLS),num-
berof CLSpartners(none;1;2to 4;5to 10;>10), CLSwith partnersknownto beHIV positive,
sexualCLSrole (no CLS;alwaysnsertive;alwaygeceptiveinsertiveandreceptivgversatile]),
groupsex/tecreationatirug use(injection drug usenoninjectionuseof 1 or more of the 3 chem-
sex-associatattugs[mephedroneGHB/GBL ,crystalmethampethaminefoninjection useof
otherdrugs;no drug use) sexfor drugsor money fisting, or sextoysuse We alsoconsidered
HIV testin the previousé monthsandin the previousl2months:bacterialSTIdiagnosispnumber
of newsexuapartners(0to 10;11to 49;50to 99;>100),and PrEPand PEPuse BacterialSTIs
includedgonorrhoeasyphilis,and chlamydiajncluding lymphogranulomavenereum(LGV).

Lifestylefactorsincludedsmokingstatus(neversmokedex-smokergurrentsmoker)and
alcoholconsumption(higher-riskalcoholconsumption:ascoreof >6 on amodified version
the AUDIT-C WHO alcoholscreeningool questionnairefirst 2 questiononly) [11]. A total
scoreof 6 waschosergiventhat AURAH2 participantswereonly askedhefirst 2 questionof
the WHO AUDIT-C questionnairegatherthanthefull AUDIT-C. Mentalhealthincluded
symptomsof depressiorfdefinedasa scoreof >100n the PatientHealthQuestionnaire
[PHQ-9], whichis the standardcutoff scoreusedto defineclinically significantdepressive
symptoms)12], andanxietysymptomgdefinedasascoreof >100n the Generalised\nxiety
DisorderScaldGAD-7], which representshe standardcutoff to defineanxietydisorder)[13].

For sexual/HIV-relatebehaviourmentalhealth,andalcoholconsumptionmeasures,
missingresponsewereconsideredo indicatethe absencef the eventor condition, because
our outcomeof interestavas?pastreport of behaviours.8Wheretherewasno report of these
measuredncluding missing,weclassifiedansweras®no.° For all othervariableghat were
not classifiecas®yes®or 2no,° missingvaluesvereexcludedrom the analyses.

Time-updated measures

Age,recentHIV test,CLS,CLSwith 2 or more partners sexualCLSrole,groupsex,chemsex
(adifferentvariablefrom recreationabirug usevariableat baselingquestionnaire*haveyou
useddrugsbeforeor during sex(chemsex)n the lastthreemonths?°classifiecas®yes®or
ano°), andbacterialSTIdiagnosisverealsousedastime-varyingvariableslerivedfrom base-
line, 4-monthly,andannualquestionnaireskRelationshipstatus PrEPuse PEPuse recrea-
tional drug use jnjection drug use depressiveymptomsanxietysymptomsandalcoholuse
weretime-varyingvariablesierivedfrom baselineandannualquestionnairesAll othervari-
ableswerefixedvariableghat wereonly ascertaine@tbaseline.

Ascertainment of incident HIV

Therewere2 methodsof ascertainmentf incidentHIV diagnosigduring follow-up. First, rec-
ordsof all GBMSMenrolledin the AURAH2 studywerelinked to nationalHIV surveillance
databy PHE[14,15].Thedatabasesollectinformation on newHIV diagnosefrom
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laboratoriesgenitourinarymedicine(GUM) clinics,generabractitioners(GPs),andother
servicesvhereHIV testingtakesplacein England.Thedatalinkageprocessvascarriedout
usingadeterministicandhierarchicalalgorithm,basedn genderidentity, dateof birth, year
of birth, country of birth, ethnicity, originating clinic, yearsn the UK, andfirst initial and
Soundexcode(a4-charactecodingof anadult surname) All datacollectedaspart of the
nationalHIV surveillancggrogrammein the UK is pseudo-anonymiseato namesarecol-
lected.Thedatamatchingprocessvascompletedn November2019.For eachstudypartici-
pantthatmatchedto the HIV surveillancalatasetPHE datawereprovidedon dateand
regionof HIV diagnosisCD4andviral loadatHIV diagnosisandif relevanttime from diag-
nosisto linkageto care time from diagnosigo treatmentinitiation, anddeath.

Thesecondnethodof ascertainmendf newHIV diagnosesvasthroughthe online follow-
up questionnairegparticipantswereaskedaboutthe dateandresultsof mostrecentHIV test.
All the participantswho reportedbeingnewlydiagnosedvith HIV in afollow-up question-
nairewerealsoidentified ashavinganewHIV diagnosisn the PHE surveillancelatabases.
Linkagewith PHE databasealsoidentified asmallnumberof participantswho werepositive
atentryto the study(n = 3);thesemenwereexcludedrom analysis.

Statistical analysis

Fortheanalysesf HIV incidenceandbaseline-associatdactors all menenrolledin
AURAH2 wereincluded.IncidentHIV infectionwasdefinedasseroconversiofrom HIV+
negativestatusat baselindo HIVxpositiveduring follow-up, confirmedby PHE.Person-years
(PY) of follow-up werecalculatedrom the dateof completingthe baselineguestionnaireuntil
(1) thedateof HIV diagnosidrom PHE for menwho seroconvertedr (2) 3 monthsbefore
thedateof datalinkagewith PHE datasetsvascompletedJune30,2019)for menwhodid not
seroconvertDueto thelinkagewith PHE datafor ascertainmenof the endpoint,allmen
couldbeconsiderecasremainingunderfollow-up overthe entire period,evenif follow-up
questionnairesverenot completed.

HIV incidencerates(IRs)werecalculatedasthe numberof newHIV infectionsdivided by
thenumberof PY of follow-up, reportedwith 95%confidenceantervals(95%CIs).IRswere
calculateger 100PY,overallandaccordingto calendaryearfrom 2013until 2019 Asthe
studystartedon July30,2013andendedon June30,2019 thefirst 2 yearg2013to 2014)and
thelast2 yearq2018to 2019)werecombined.Theassociationsf baselindactorsandcurrent
calendaryearasacontinuousvariablewith HIV incidencewereanalysedy calculatingHIV
IRsandusing2-levelrandom-intercepiproportionalhazardmodelswith sexuahealthclinic
sitesdefiningthe secondevelto estimateconditionalhazardratios(HRs). The conditionaldis-
tribution of theresponse@iventherandomeffectsvasassumedo beaWeibull distribution.
HRswith 95%CI arepresentedinadjustedandadjustedor sociodemographitactorsthat
werenot influencedby HIV incidenceand sexuabehaviourageatbaselinecountry of birth
andethnicity,sexualdentity, andeducation.

Changesn the annualprevalencef sexual/HIV-relatedisk behaviourvertime were
alsoexaminedThe prevalencef CLSwith 2 or more partners groupsexbacterialSTI,any
recreationatrug use,jnjection drug use noninjectionchemsex-relatedrug use(all in the
previous3 months),and PrEPand PEPusein the previous12 monthswascalculatedor each
yearfrom 2013/140 2018/19usingall availablébaselineandfollow-up questionnaire$rom
all participantsat eachtime point. Trendsovercalendaitime during the AURAH2 study
periodwereassessadsingunivariategeneralise@stimationequation(GEE)modelswith a
logit link androbuststandarderrors,accountingfor multiple questionnairesesponsefrom
individual participants.
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We alsoperformedanadditionallongitudinalanalysismongmenwho completecat least
1 onlinefollow-up questionnairdo examinetime-updatedfactorsassociatedvith HIV inci-
denceWe used2-levelrandom-intercep Poissorregressiormodels unadjustedand adjusted
for age(time-updated) country of birth and ethnicity, sexualdentity, andeducationusingall
availablebaselineandfollow-up questionnairesWe presentheseresultsasincidencerate
ratios(IRRs)with their corresponding5%CI. In the multivariableanalyseghewholestatisti-
calunit for asingleindividual with missingvaluesvasexcludedrom the analyse# avaluefor
oneof the covariatesvasmissing(completecaseanalysis).

All analysesvereplannedprior to analysindinal datasetérom PHEin November2019(S1
Analyses Plan), andno data-drivenchangesook placeto theseanalysesxcepthatweused
mixed-effectsnodellinginsteadof Cox proportionalhazardmodelling(indicatedin the analy-
sesplan),in responséo peerreviewcommentsTheuseof hierarchicaimodelswaschoserto
takeinto accountof clusteringaccordingto clinic. All analysesvereconductedusingStatasta-
tisticalsoftware(version15.1).

Results
Characteristics of the participants

BetweenJuly2013andApril 2016 atotal of 1,162HIV+negativemenwereenrolledin the
study(Table 1). At baselinethe meanageof participantswas34yearqstandarddeviation
[SD]: 10.4jnterquartilerange[lQR]: 26to 39),81.9%wereof white ethnicity, 93.6%self-
reportedbeinggay,74.4%hadauniversitydegree82.9%reportedbeingemployedand 77.4%
alwayshadmoneyto coverbasicneedslin the previous3 months,63.9%reportedhavinghad
CLS,35.4%eportedCLSwith 2 or more partners,12.7%eportedCLSwith HIV+positivepart-
ners,43.1%eportedgroupsex,60.0%reportedthe useof atleastl recreationatirug,and 3.3%
reportedinjection drug use.Thetypeof drug injectedwasnot ascertainedh the baselingjues-
tionnaire,but all 38 peoplewhoinjecteddrugsreportedhavingtakenatleastl chemsex-related
drugin the past3 months.Overall,38.0%of menreportedhavingbeendiagnosedvith abacte-
rial STlin the pastyear,and5.0%and 20.7%reportedeverhavingtakenPrEPand PEP respec-
tively,in the pastyear.Threeindividualsdid not completethe baselingquestionnaireThe
proportion of missingresponsewaslow (<5% for all variables)seefootnotesin Table 1).

Ofthe1,162menenrolled,all wereincludedin the PHE linkagefor ascertainmenof new
HIV diagnosisOf the 1,162men,622completedat leastl online follow-up questionnaire
(54%),0f whom 483(78%o0f 622)completedat leastl annualfollow-up questionnaireand
400men(64%o0f 622)werefolloweduntil the endof the study.Men who wereolder,had
greateffinancialsecurity with more stablehousing,with universityleveleducationandwere
employedweremorelikely to continueon the study(622menversuss40menwho completed
only the baselingguestionnaire)S1 Table). The numberof follow-up questionnaires
(4-monthlyandannual)completedby the end of the studyperiodwas3,277 Participantscom-
pletedamedianof 6 (IQR: 3to 7) online questionnaires.

Trends in HIV incidence

In total, 330f 1,162men (2.8%)werenewlydiagnosedvith HIV during the periodfrom the
dateof completionof their baselinequestionnaireuntil June2019.0f all 33diagnose&enti-
fied by the PHElinkage,15wereself-reportedy the participanton oneof the AURAH2
online follow-up questionnairesTherewereno additionalunconfirmedself-reportedHIV
diagnosesThe 3menwhodid not completea baselinequestionnairevereincludedin the
incidenceanalysisasdataon their age HIV statusandPY of follow-up time wereavailable
from PHE.Therewereno deathgecordedamongthe 33mendiagnosedvith HIV.
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Table 1. Baseline characteristics and association with incident HIV among 1,162 GBMSM participating in the AURAH2 prospective study, 2013-2019".

Baseline characteristics Participants N HIV infections from PY at HIV IR per 100 | Unadjusted conditional | p-value
(%) baseline- 2019 n (%) risk PY (95% CI) HR (95% CI)
Demographic characteristics
Age at baseline category, years 275(23.9) 8(2.9) 1087.61 | 0.74(0.37+1.4y 1(Ref) 0.421
<25 207(17.9) 3(1.5) 839.50 |0.36(0.11+1.1p 0.49(0.13+185) 0.417[t]
25+29 227(19.7) 5(2.2) 896.65 |0.56(0.23+1.3% 0.76(0.25+232)
30+£34 156(13.5) 8(5.1) 605.63 | 1.32(0.66+2.6% 1.79(0.67+476)
35+39 121(10.5) 4(3.3) 480.92 |0.83(0.31+2.2p 1.13(0.34+377)
40+44 167(14.5) 5(2.9) 674.09 |0.74(0.31+1.78 1.02(0.33+312)
>45 34(10.4)
Mean age (SD) 31 (26-39)
Median age (IQR)
Country of birth and ethnicity§ 568(49.4) 10(1.8) 2,296.31| 0.44(0.23+0.81L 1 (Ref) 0.176
Bornin the UK, white 60(5.2) 1(1.7) 242.16 |0.41(0.06+2.98 0.94(0.12+738)
Bornin the UK, otherethnicity 374(32.5) 17(4.5) 1,463.62| 1.16(0.23+1.3% 2.63(1.21+5/6)
Non-UK born, white 148(12.9) 2(1.4) 581.72 |0.34(0.66+2.6% 0.78(0.17+3%H4)
Non-UK born, otherethnicity
Sexual identity 1,076(93.6) 26(2.4) 4,291.83| 0.61(0.41+0.8p 1 (Ref) 0.128
Gay 74(6.4) 4(5.4) 291.26 |1.37(0.52+3.6p 2.26(0.79+649)
Bisexual/dber
Socioeconomic characteristics and partnership status
Education 853(74.4) 17(1.9) 3,413.05| 0.49(0.31+0.8p 1 (Ref) 0.014
Universty degree 272(23.8) 11(4.4) 1,108.62| 1.02(0.56+1.8¢ 2.01(0.94+428) 0.013[t]
Otherqualificatin 21(1.8) 2(9.5) 75.83 2.64(0.66+£10.5) 4.65 (1.07-20.14)
No qualification
Employed” 952(82.9) 29(3.1) 3,767.14| 0.77(0.53+1.1p 1 (Ref) 0.074
Yes 197(17.1) 1(0.5) 812.17 |0.12(0.01+0.8y 0.16(0.02+119)
No
Money to cover basic needs 896(77.4) 24(2.7) 3,581.41| 0.67(0.45+1.0p 1(Ref) 0.627
All of thetime 194(16.8) 5(2.6) 768.90 |0.65(0.27+1.5p 0.97(0.37+54) 0.613[t]
Mostof thetime 68(5.9) 1(1.5) 264.84 |0.38(0.05+2.68 0.55(0.07+409)
Sometime/No
Housing status® 680(59.3) 13(1.9) 2,707.24| 0.48(0.28+8.2y 1 (Ref) 0.342
Renting 314(27.4) 14(4.5) 1,252.75| 1.11(0.66+1.8p 2.34(1.10+497) 0.330[t]
Homeowner 153(13.3) 3(1.9) 611.33 |0.49(0.16+1.5p 1.02(0.29+3%8)
Unstableor other
Ongoing relationship 272(23.5) 11(4.0) 1,080.22| 1.01(0.56+1.8¢ 1 (Ref) 0.200
Yes living with partner 193(16.7) 3(1.6) 783.15 |0.38(0.12+1.1p 0.38(0.10+135) 0.191[t]
Yesnot living with partner 693(59.8) 16(2.3) 2,755.05| 0.58(0.36+0.9b 0.57(0.26+£122)
No
Sexual/HIV-related behaviour characteristics
HIV test in the past 6 months 322(27.8) 6(1.9) 1,324.99| 0.45(0.20+1.01L 1 (Ref) 0.325
No 837(72.2) 24(2.9) 3,293.42| 0.73(0.49+1.0p 1.57(0.64+385)
Yes
CLS in the past 3 months’ 4(0.9) 1,704.76 | 0.23(0.09+0.68 1(Ref)
No 418(36.1) 26(3.5) 2,913.66| 0.89(0.61+1.3) 3.75 (1.31-10.74) 0.014
Yes 741(63.9)
Number of CLS partners in the past 3 424(36.6) 4(0.9) 1,727.09| 0.23(0.09+0.6p 1 (Ref) <0.001
months’ 325(28.0) 3(0.9) 1,306.35| 0.23(0.07+0.71L 0.98(0.22+440) <0.001
No CLSpartners 293(25.3) 11(3.8) 1,163.99| 0.95(0.52+1.7L 4.05 (1.29-12.72) [t]
OneCLSpartner 60(5.2) 5(8.3) 212.67 |2.36(0.98+5.6% 9.60 (2.58-35.76)
2+4CLSpartners 57(4.9) 7(12.3) 208.30 |3.36(1.60+7.0p 14.04 (4.11-47.98)
5+10CLSpartners
More than 10CLSpartners
CLS with partners known to be HIV positive 1,01287.3) 16(1.6) 4,086.01| 0.39(0.24+0.6% 1(Ref) <0.001
in the past 3 months’ 147(12.7) 14(9.5) 532.41 |2.63(1.56+4.4% 6.45 (3.15-13.22)
No
Yes
(Continued)
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Table 1. (Continued)

Baseline characteristics

Sexual role CLS in the past 3 months

No CLS/didnot statewhich partner
Alwaysinsertive

Alwaysreceptive
Versatile(sometimesnsertive, sometimes
receptive)

Number of new sexual partners in the past 12
months”

0+10newpartners

11+49ewpartners

50+9Mewpartners

1000r morenewpartners

Group sex in the past 3 months
No
Yes

Fisting or sex toys use in the past 3 months
No
Yes

Sex for drugs or money in the past 3 months
No
Yes

PEP use in the past 12 months
No
Yes

PrEP use in the past 12 months
No
Yes

Bacterial STI diagnoses in the past 12 months
No
Yes

Smoking status
Neversmoked
Ex-smoker
Regularsmoker

Recreational drug use in the past 3 months
No

Noninjection drug andnon-chemsexuse
Chemsexelateddrug use(no injection)
Injectiondruguse

Higher-risk alcohol consumption (modified
WHO AUDIT-C score of >6)

No

Yes

Depressive symptoms (PHQ-9 score >10)
No

Yes

Anxiety symptoms (GAD-7 score >10)
No

Yes

Participants N
(%)
423(36.5)
217(18.7)
157(13.6)
362(31.2)

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

659(56.9)
500(43.1)

745(64.3)
414(35.7)

1,104(95.2)
55(4.8)

919(79.3)
240(20.7)

1,101(95)
58(5.0)

719(62.0)
440(38.0)

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

464(40.0)

336(29.0)

321(27.7)
38(3.3)

935(80.1)
224(19.3)

1,018(87.8)
141(12.2)

1,033(89.1)
126(10.9)

HIV infections from
baseline- 2019 n (%)
4(0.9)

2(0.9)

3(1.9)
21(5.8)

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

4(0.6)
64(12.8)

16(2.2)
14(3.4)

26(2.4)
4(7.3)

19(2.1)
11(4.6)

27(2.7)
3(5.2)

9(1.3)
21(4.8)

PY at
risk
1,724.83

877.05
623.35
1,393.19

2,772.34
1,446.30
272.66
127.12

2,670.75
1,947.67

2,982.81
1,635.61

4,418.16
200.26

3,709.52
908.89

4,408.52
209.49

2,936.07
1,682.35

Health and lifestyle characteristics

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

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

25(2.7)
5(2.2)
26(2.6)

4(2.8)

28(2.7)
2(1.6)

2,452.23
1,163.82
977.79

1,895.32
1,350.96
1,254.47
126.67

3,721.68
896.74

4,064.75
553.67

4,118.39
500.03

HIV IR per 100

PY (95% CI)

0.23(0.08+0.6p
0.22(0.05:0.9)L
0.48(0.15+1.4p
1.51(0.9+2.31)

0.32(0.17+0.6p
1.04(0.63+1.7p
1.47(0.55+3.9)L
1.57(0.39+6.2p

0.15(0.06+0.3p
1.33(0.91+1.95

0.54(0.33+0.88
0.86(0.51+1.4p

0.59(0.40+0.8p
1.99(0.75+5.3p

0.51(0.33+0.8p
1.21(0.67+2.18

0.61(0.42+0.8p
1.43(0.46+4.4)

0.31(0.16+0.5p
1.25(0.81+1.9)

0.57(0.34+0.95
0.69(0.34+1.3y
0.82(0.41%1.6%

0.16(0.05:0.4p
0.59(0.29+1.1B
0.97(0.61+1.7p
4.74(2.13+10.5)

0.67(0.45:0.9p
0.56(0.23+1.3%

0.64(0.43+0.98
0.72(0.27+1.9p

0.68(0.47+0.98
0.39(0.10+1.5p

Unadjusted conditional

HR (95% CI)

1 (Ref)
0.98(0.18+535)
2.06(0.46+919)

6.35 (2.18-18.51)

1(Ref)
3.17 (1.39-7.26)
4.40 (1.35-14.29)
4.84 (1.05-22.41)

1(Ref)
8.81 (3.07-25.24)

1(Ref)
1.59(0.77+35)

1(Ref)
3.27 (1.14-9.38)

1(Ref)
2.29 (1.09-4.81)

1(Ref)
2.21(0.67+730)

1(Ref)
3.95 (1.81-8.63)

1(Ref)
1.20(0.50+287)
1.41(0.59+337)

1(Ref)
3.73(0.99+14.5)
6.45 (1.84-22.64)

27.96 (6.99-111.85)

1(Ref)
0.83(0.32+217)

1(Ref)
1.12(0.39+320)

1(Ref)
0.58(0.14+245)

p-value

<0.001

0.001
0.001[t]

<0.001

0.202

0.027

0.029

0.190

0.001

0.735

<0.001
<0.001

0.714

0.844

0.462

(Continued)
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Table 1. (Continued)

Baseline characteristics Participants N HIV infections from PY at HIV IR per 100 | Unadjusted conditional | p-value
(%) baseline- 2019 n (%) risk PY (95% CI) HR (95% CI)
Year of enrolment 28(2.4) 2(7.1) 149.98 |1.33(0.33+5.3B 1 (Ref) 0.430
2013 152(13.1) 3(1.9) 735.62 |0.4(0.13+1.26) 0.29(0.05+194)
2014 788(67.8) 21(2.7) 3,115.90| 0.67(0.44+1.08 0.43(0.09+193)
2015 194(16.7) 7(3.6) 617.36 |1.13(0.54+2.38 0.67(0.11+409)

2016

All measuresvereself-repored, missingdata,or missingquestionrairefor:

Age:9 (all HIV negative)Country of birth andethnicity, Sexuality12 (9 HIV negative3 HIV positive) Universityeducation16(13HIV negative3 HIV positive);
RelationshipstatusMoneystatus4 (1 HIV negative3 HIV positive);Employment13(10HIV negative3 HIV positive);Housingstatus15(12HIV negative3 HIV
positive);Smokingstatus10(7 HIV negative3 HIV positive);HIV test,CLS ,Numberof CLSpartners Newsexuapartners SexualCLSrole, Group sex Fistingor sex
toysuse PEPuse PrEPuse Recreationbdrug use STl diagnosesAlcohol consumpion, Depressiveymptomsand Anxiety symptoms3 (all HIV positive).

[t] p-valuefor trend.

SOther ethnicity includesblack,Asian,mixed,and other ethnicgroup.

’Employedgroupincludesfull-time (n = 845)andpart-time (n = 107)employmat/self-employnent; No employmer groupincludesunemployed-egistere or not
registeredor benefits(n = 60),sickor disabledn = 6), retired (n = 24),and other (studentor training or looking afterhomeor dependets or other) (n = 107).
#Rentinghousingincludesprivaterenting and renting from councilor housingassociationynstableor otherhousingincludestemporaryaccommodatn, stayingwith
friendsor family, otheraccommod#on, andhomeless.

°CLSwith menonly.

“Newpartnersincludemenandwomen.

AURAH2, The Attitud esto and Understandng of Riskof Acquisition of HIV 2 study;Cl, confidencenterval;CLS condomlesanalsex;GAD-7,generalise@nxiety
disorder-7 GBMSM,gay,bisexualand othermenwho havesexwith men;HR, hazardratio; IQR, interquattile range;IR, incidencerate;PEP postexposure
prophylaxis PrEP preexposte prophylaxis PY,person-yeas; PHQ-9, patienthealthquestionraire-9;SD,standarddeviation;STI, sexuallytransmittedinfection;
WHO-AUDIT, World HealthOrganizatim+AlcoholUseDisordersldentification Test.

https://da.org/10.1371durnal.pned.1003677.101

TheoverallHIV IR in this cohortwith 4,618.PY of follow-up time was0.71(95%Cl 0.51
to 1.00)per 100PY (Fig 1 and Table 2). HIV incidencefell progressivelyrom 2013until 2019;
from 1.47(95%Cl 0.48to 4.57)per L00PYin 2013/20140 0.25(95%CI 0.08to 0.78)per100
PYin 2018/2019Theincidencedeclinedon averagdy 0.85-foldperyearfrom 2013to 2019
(p < 0-001 modelledusingmixed-effectaVeibull proportionalhazard).

Themostcommonagecategonatthetime of newHIV diagnosesvasbetweer85and44
yearswith atotal of 13men(39.4%j)n this agerangebeingdiagnosedvith HIV, followedby men
in the agecategonyof 25to 34yearg8 men,24.2%)<25 yearq7 men,21.2%)and >45yearq5
men,15.2%)Themedian(IQR) ageattime of newHIV diagnosisvas35yearg26to 40).

95% Cl

IS

w

[N}

1.47

p<0.001
1.05 0.97

Incindence rate per 100 PY

-

0.53
0.25

2013/2014 2015 2016 2017 2018/2019
Fig 1. HIV incidence among GBMSM in the AURAH2 study, 2013-2019. AURAH2, TheAttitudesto and

Understandhg of Riskof Acquisitionof HIV 2 study;Cl, confidenceanterval;GBMSM,gay bisexualandothermen
who havesexwith men;PY,person-years

https://bi.org/10.1371durnal.pned.100367¢001
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Table 2. HIV incidence among GBMSM participating in the AURAH2 prospective study, 2013-2019.

Calendar year PY
2013/2014 203.55
2015 953.53
2016 1,139.29
2017 1,134.80
2018/2019 1,187.69
Overall 4,618.86

No. of HIV infections IR (per 100 PY) 95% CI
3 1.47 0.48+4.57
10 1.05 0.56+1.95
11 0.97 0.53+1.74
6 0.53 0.24+1.18
0.25 0.08+0.78
33 0.71 0.51-1.00

AURAH2, TheAttitudesto and Understandng of Riskof Acquisition of HIV 2 study;Cl, confidencenterval;GBMSM gay bisexualand othermenwho havesexwith

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

https://da.org/10.1371¢urnal.pred.1003677.102

Association of baseline factors with incident HIV

Tablel presentdhe associatiorf baselindactorswith incidentHIV diagnosisin univariable
mixed-effect&Veibull proportionalhazardmodelsthe factormoststronglyassociatedith HIV
acquisitionwasreportinginjection drug usein the past3 months,with analmost28-foldhigher
ratecomparedo menwhodid not reportrecreationatirug use(HR 27.9695%Cl 6.99to
111.85globalp < 0.001).TheHIV IR amongpeoplewhoinjecteddrugswas4.74(95%Cl 2.13
to 10.54)per 100PY .Havingusedatleastl noninjectionchemsex-relatedrug wasalsostrongly
associatewith HIV acquisition(HR 6.45,95%CI 1.84to 22.64comparedo no drug use)the
associatiorwith non-chemsexzrelatedfrugswasweakei(HR 3.73,95%CI 0.99to 14.05).

Othersexual/HIV-relatedbehaviourrisk factorswerestronglyassociatewith increasedisk
of HIV infection: CLS(HR 3.7595%CIl 1.31to 10-74p = 0.014) greatemumberof CLSpart-
ners,with increasedisk for thosehavingatleast2 partners(HR for 2 to 4 partners4.05,95%CI
1.29t0 12.72HR for 5to 10partners9.60,95%Cl 2.58to 35.76 HR for morethan10partners
14.0595%CIl 4.11to 47.98 comparedwith no CLS globalp < 0.001) CLSwith HIV+positive
partners(HR 6.4595%Cl 3.15to 13.22p < 0.001)yversatileCLSrole (HR 6.35,95%CI 2.18to
18.51p < 0.001)groupsex(HR 8.81,95%CI 3.07to 25.24p < 0.001)andsexfor drugsor
money(HR 3.27,95%CI 1.14to 9.38,p = 0.027)in the past3 months;reportingabacterialSTI
diagnosisn the pastl2months(HR 3.9595%CI 1.81to 8.63 = 0.001)reportingmorethan
10newsexuapartnersin the pastl12months(HR for 11to 49newpartners3.17,95%Cl 1.39
to 7.26 HR for 50to 99newpartners4.40,.95%CI 1.35to 14.29HR for 1000r more newpart-
ners4.84,95%Cl 1.05to 22.41comparedo 0to 10newpartnersglobalp = 0.001)andhaving
usedPEPINn the pastl2months(HR 2.29,95%Cl 1.09to 4.81p = 0.029).

For socioeconomianddemographicharacteristicdpwerlevelof educationwasassociated
with increasedisk of HIV infection (HR for no qualification4.65,95%CI 1.07to 20.14com-
paredto universitydegreeglobalp = 0.014) Therewassomeevidencehatnonemployednen
wereatlowerrisk of infection thanemployedmen (HR 0.16,95%CI 0.02to 1.19p = 0.074).

Adjustmentfor ageat baselinecountry of birth and ethnicity, sexualdentity, andeduca-
tion did not materiallychangethe associationbetweerincidentHIV andbaselindactors(S2
Table). Therewereno significantassociationsf agegroup,housingstatusfinancialstatus,
relationshipstatusHIV testin the past6 months,fisting or sextoysusein the past3 months,
PrEPusein the past12months,smokingstatusalcoholconsumptiondepressiveymptoms,
andanxietysymptomsat baselinewith risk of HIV infection (Table 1).

Prevalence of sexual risk behaviours over time

Fig 2 showsthetrendsin reportedsexuatisk behavioursdrug use andthe useof PrEPand
PEPby calendatyear,basedn all availablédaselineandfollow-up questionnaire$rom all
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Fig 2. Annual prevalence of sexual/HIV-related behaviours among GBMSM in the AURAH2 study, 2013-2018*. *Annualreports
of (A) sexuatisk behaviousin the previous3 months,datafrom all availablébaseline4-monthly, andannualquestionraires(N =
4,43uestionraires) bacteral STlin the previous3 months,datafrom 4-monthlyandannualquestionn@es(N = 3,277
questionraires);(B) recreatioral drug usein the past3 months,datafrom baselineandannualquestionn&res(N = 2,104
questionraires);(C) PrEPand PEPusein thelastl2months,datafrom baselinendannualquestionraires(N = 2,085
questionraires) AURAH2, TheAttitudesto andUnderstanding of Riskof Acquisiion of HIV 2 study;GBMSM,gay bisexualand
othermenwho havesexwith men;PEP postexposue prophylass; PrEP preexposur@rophylaxis STI,sexuallytransmited infection.

https:/Hoi.org/10.137/journal.pmd.1003677.g0D

1,162participantsenrolled(total 4,439questionnaires)Fig 2A showghatthe annualpreva-
lenceof CLSwith 2 or more partnersin the past3 monthsincreasedgomewhafrom 38.3%to
41.0%p-valuefor lineartrend from GEElogisticmodel= 0.006)betweer2013/2014nd
2018 while groupsexdeclinedsubstantiallyfrom 46.7%to 24.2%p < 0.001)asdid bacterial
STldiagnoses thelast3 monthsfrom 20.1%0 9.2%(p < 0.001)etweer2015and2018.
For bacterialSTIs,datawerenot includedfrom the baselinequestionnairgsince2013)asit
askedaboutdiagnose the previousl2monthsratherthanin thelast3 months.Any recrea-
tional drug usein the past3 monthsdecreaseétom 57.2%0 45.5%(p < 0.001)whileinjec-
tion drug use(prevalencaround2%,p = 0.903)andthe useof atleastl chemsex-relatedrug
(prevalencdetweer20%and 30%p = 0.232)werestable(Fig 2B). Pastl2-monthPrEPuse
increasedignificantlyfrom 2.22%0 43.4%p < 0.001)pn the otherhand,PEPusepeakedht
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

Amongthe 622menwho completedan online follow-up questionnaire19werediagnosed
with HIV during the periodfrom the dateof completionof their baselingquestionnairauntil
June30,2019With atotal of 2,495PY of follow-up time, theoverallHIV IR in this subgroupof
menwas0.76(95%CI 0.49to 1.19)per 100PY,similarto the overalllR amongall menenrolled
in the AURAH2 cohort(0.71,95%CI 0.51to 1.00per 100PY).Table 3 showsunadjustedand
adjustedRRsfrom mixed-effect$?oissormodelsfor factorsassociatedith HIV incidence
amongthesamen (total completeobservation8,821questionnaires)n this analysisage part-
nershipstatussexual/HIV-relatecehavioursPrEPand PEPuse and healthandlifestylevari-
ablesweretime updatedwhereagthnicity and country of birth, educationemployment,
sexualdentity, financialstatusand housingstatuswerefixed variableghat wereonly askedat
baselingquestionnaired.ongitudinalfactorsassociatedith HIV incidenceamongthesemen
werequite similarto thoseamongthe 1,162men,in particular,injection drug use(unadjusted
IRR21.6795%CI 3.96to 118.30p < 0.001)chemsex3.89,95%Cl 1.35to0 11.22p = 0.012),
CLSwith 2 or morepartnersyversatileCLSrole,groupsex(all in the previous3 months),bacte-
rial STIdiagnosigin the previousl2monthsatthe baselingguestionnaireandin the past3
monthsatthe 4-monthly andannualquestionnairesyndcalendaryear.
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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 3,785%0bs 0.843 3,7700bs 0.400

1.00(0.96+1.05) 1.02(0.97+1.06)
Age (time-updated) category 3,78%bs 0.676 3,7700bs 0.325
<25 Ref Ref
25+29 0.22(0.02+1.93) 0.65(0.21+1.92)
30+34 0.41(0.07+2.23) 0.61(0.22+£1.97)
35+39 0.72(0.16+3.23) 0.99(0.19+5.17)
40+44 0.35(0.04+3.14) 0.49(0.05%4.92)
>45 0.86(0.23+3.21) 1.21(0.28+5.21)
Country of birth and ethnicity 3,7820bs 0.953 3,7700bs 0.905
Bornin the UK, white Ref Ref
Bornin the UK, otherethnicity 1.63(0.20+13.29) 1.77(0.21+15.04)
Non-UK born, white 0.97(0.28+3.31) 1.00(0.29+3.46)
Non-UK born, otherethnicity 0.74(0.09+6.03) 0.79(0.09+6.54)
Sexual identity 3,793bs 0.639 3,7700bs 0.569
Gay Ref Ref
Bisexual/duer 1.63(0.21+12.54) 1.82(0.23+14.34)

Socioeconomic characteristics and partnership status
University education 3,8050bs 0.923 3,7700bs 0.932
Yes Ref Ref
No 0.94(0.29+3.06) 0.95(0.2943.09)
Employed 3,7720bs 0.305 3,7600bs 0.243
Yes Ref Ref
No 0.34(0.04+2.64) 0.29(0.031£2.32)
Money to cover basic needs 3,805%0bs 0.744 3,7700bs 0.829
All of thetime Ref Ref
Mostof thetime 1.29(0.29+5.83) 1.43(0.30+7.06)
Sometime/No 0.10(0.05+0.18) 0.12(0.05+0.25)
Housing status 3,7500bs 0.611 3,7380bs 0.701
Homeowner Ref Ref
Renting 0.56(0.17+1.85) 0.66(0.16+2.71)
Unstable/oher 0.97(0.19+4.82) 1.12(0.18+6.81)
Ongoing relationship** 1,5360bs 0.094 1,5220bs 0.148
Yes Ref Ref
No 0.63(0.36+£1.08) 0.65(0.3611.17)
Sexual/HIV-related behaviour characteristics
Recent HIV test’ 3,69%bs 0.340 3,651o0bs 0.329
No Ref Ref
Yes 1.87(0.51+6.80) 1.90(0.52+6.92)
CLS in the past 3 months 3,8210bs 0.871 3,7700bs 0.196
No Ref Ref
Yes 1.09(0.38+3.14) 2.71(0.60+£12.23)
CLS with 2 or more partners 3,81%bs 0.005 3,7700bs 0.004
One/none Ref Ref
20r more 6.19 (1.72-22.17) 9.39 (2.07-42.66)
Sexual role CLS in the past 3 months 3,8030bs 0.705 3,7520bs 0.016
No CLS/didnot statewhich partner Ref Ref
Alwaysinsertive - 2.47(0.35£17.67)
Alwaysreceptive 0.95(0.18+4.88) 4.55 (1.01-21.11)
Versatile(sometimesnsertive, sometimeseceptive) 1.79(0.60+5.32)
Group sex in the past 3 months 3,81%bs 3,7700bs
No Ref 0.043 Ref 0.029
Yes 2.98 (1.03-8.61) 3.51 (1.14-10.77)
PEP use in the past 12 months** 1,5300bs 0.971 1,5120bs 0.888
No Ref Ref
Yes 1.04(0.12+8.90) 1.16(0.13+10.11)
(Continued)
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Table 3. (Continued)

PrEP use in the past 12 months**
No
Yes

Bacterial STI diagnoses*
No
Yes

Unadjusted IRR (95% CI)

1,5320bs
Ref
0.96(0.12+7.81)

3,81%bs
Ref
4.46 (1.57-12.68)

Health and lifestyle characteristics

ok

Recreational drug use in the past 3 months
No
Yes

Chemsex in the past 3 months
No
Yes

Injection drug use in the past 3 months**
No
Yes

Higher-risk alcohol consumption** (modified WHO AUDIT-C equals >6)
No
Yes

Depressive symptoms™*
(PHQ-9 score >10)

No

Yes

Anxiety symptoms™*
(GAD-7 score >10)

No

Yes

Calendar year as a continuous variable

Calendar year category
2013+2014

2015

2016

2017+2018

1,5360bs
Ref
4.81(0.56+41.26)

3,81%bs
Ref
3.89 (1.35-11.22)

1,5360bs
Ref
21.67 (3.96-118.30)

1,5360bs
Ref
2.10(0.58+7.63)

1,5360bs
Ref
1.28(0.15+10.64)

1,5370bs
Ref
1.88(0.23+15.60)

3,8210bs
0.52 (0.45-0.59)

3,821obs

Ref
0.26(0.07+1.05)
0.35(0.10+1.19)
0.06 (0.01-0.54)

p-value
0.970

0.005

0.152

0.012

<0.001

0.260

0.818

0.559

<0.001

0.053

Adjusted® IRR (95% CI)

1,5120bs
Ref
0.99(0.13+7.51)

3,7700bs
Ref
5.93 (1.95-18.03)

1,5180bs
Ref
5.83(0.66+50.97)

3,7700bs
Ref
4.81 (1.57-14.74)

1,5180bs
Ref
18.99 (3.39-106.14)

1,5210bs
Ref
1.91(0.51+7.08)

1,521o0bs
Ref
1.53(0.17+13.31)

1,5260bs
Ref
2.06(0.23+£18.30)

3,76%bs
0.47 (0.28-0.78)

3,76%bs

Ref

0.17 (0.04-0.82)
0.20 (0.05-0.83)
0.05 (0.01-0.44)

p-value
0.999

0.002

0.111

0.006

0.001

0.335

0.701

0.681

0.004

0.010

‘Total complet observations3,821questionmires;sexual/HV-relatedbehaviourdatawerebasedn the lasttime man askednumberof newsexuabartnersfisting or
sextoys,sexfor drugsor money,andsmokingstatuswerenot includedin the analysiecaus¢heywereonly askedat the baselinguestionnire.

€Adjustedfor age(time-updated, country of birth and ethnicity, sexualdentity, anduniversityeducaton.

" Datawerenot collectedat the 4-monthly questionnére (only baseline@ndannualquestionnies).
’In the past6 monthsat the baselingquestionnaieandin the past3 monthsat the 4-monthly andannualquestiomaires.

’In the past12monthsatthe baselinguestionmireandin the past3 monthsatthe 4-monthlyandannualquestionnires.
Cl, confidencanterval;CLS,condonessanalsex;GAD-7,generalisd anxietydisorder-7,GBMSM,gay bisexualand othermenwho havesexwith men;IRR,
incidence rateratio; PEP postexposurerophylaxisPHQ-9, patienthealthquestionraire-9;PrEP preexpoare prophylaxis STI, sexuallytransmittedinfection;
WHO-AUDIT, World HealthOrganizatim+AlcoholUseDisordersldentification Test.

https://da.org/10.1371¢urnal.pred.1003677.08

Discussion

Usinga prospectivelyjollowedcohortof initially HIV+negativeGBMSMin Londonand
Brighton,we demonstratea substantiatieclinein HIV incidencefrom 1.47per100PYto 0.25
per100PY betweer2013and2019.Theresultsof an earlierreport from England'sational
STlsurveillancesystemalsoestimatedhattheannualHIV incidenceamongmenwho have
sexwith menattendingEnglishsexuahealthclinicsdecreaseétom 1.90per 100PYin 2012/
2013to 0.79per 100PYin 2016/20174]. Basedn the CD4 back-calculatiormodelthatis
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usedto estimateH|V incidenceamongGBMSMIiving in Englandbasedn dataon newHIV
diagnosesncidencebegunto fallin 2012[2,16].

Thesubstantialeclinein HIV incidencein our cohortwasalsodescribedn someother
countries[5+7,17,18]lt maybeattributedto important behaviourathangesvithin GBMSM
populations.Thedramaticdeclinein HIV infectionratesin AURAH2 coincideswith declines
in the proportion of individualsreportinggroup sexandanyrecreationatlrug usesince2013,
anddiagnosiof bacterialSTIssince2015.Thedecliningtrendsin groupsexanddiagnosisof
bacterialSTIshavebeenreportedpreviouslyamongmenin AURAH2 who completecat least
anonlinefollow-up (n = 622),during the online follow-up period (2015to 2018)[19]. This
declinecouldbeafeatureof the factthat the studyrecruitedGBMSMattendingsexuahealth
clinicsfor STItesting.Engagemenin carefor STImonitoring mayhavehadapreventive
impacton subsequenBTloccurrencepr aregressionio the meanCeffectmayhaveoperated
becaus¢he menwererecruitedat atime of particularlyhigh STlrisk [19]. In contrastto these
trendsin STls,groupsexanddrug useoverall,weobservedn this studythatthe prevalencef
CLSwith 2 or more partnersslightlyincreasedandthe prevalencef injection drug useand
noninjectionchemsex-relatedrug useremainedrelativelystable betweer2013and 2018
(baselinexthendof follow-up). Thedeclinein HIV incidenceis, thereforeunlikely to be
solelyexplainedby changeén sexuabehaviourduring this period.

Lowerlevelsof infectiousHIV in thecommunity dueto moretimely HIV diagnosisand
earliertreatmentamongthoseaccessingllV carearelikely to havehadarolein declining
incidencejn line with previousprediction[20,21].A recentstudyin Australia,the TAIPAN
study,hasdemonstratedhatthe decreasén community-leveHIV viraemia(>200copies/
mL) from 28.6%in 2012to 12.8%n 2017amongHIV*positivegayandbisexuamenwassig-
nificantly associate@ith decreasingdlV incidencein New SouthWalesand Victoria (from
0.88per100PYin 2012to 0.22per100PYin 2017)[5].

PrEPuseduring follow-up mayalsohaveimpactedon decliningHIV incidence An impor-
tantfinding in our studywasthatthefallin HIV incidencecoincidedwith amajorincreasen
the proportion of menreportingpast12-monthPrEPuseovertime [22], which couldindicate
anassociationln our study,baselineandlongitudinal reportedPrEPusewasnot associated
with reducedH1V incidence At baselinepnly 5%of menreportedPrEPusein the past12
months,andpossiblythesemenwereearlyPrEPtakershavinghigh-risk sexuabehavioumput-
ting themat particularlyhighrisk of HIV infection. It is possiblehat no clearassociationwas
observedlueto opposingfactorsoperatingbPrEPusedecreasingherisk of HIV acquisition
ontheonehand,and PrEPuseactingasanindicator of veryhigh-risk behaviour(similar to
the othermarkersof CLS)on the other.Moreover,in this study,past12-monthPrEPusewas
only askedat baselineandannualquestionnairesgherefore we do not havea completepicture
of PrEPuseduring follow-up, or of adherenc®r consistencyn usingPrEP.Takentogether,
our resultsareconsistentvith the hypothesighat the benefitsof ART in reducingHIV trans-
missionin combinationwith increasediptakeof PrEPhashadasubstantialmpactin reduc-
ing HIV incidencein the GBMSMpopulation.

Recreationatirug usewasone of the strongesfactorsassociatedith HIV incidencein this
cohort.HIV incidencewasespeciallhigh amongmenwho reportedthe useof injection
drugs,4.8per 100PY,almost28-fold higherthantheincidenceamongmenwho did not
reportanyrecreationabrugs.Theuseof noninjectionchemsex-relatedrugsalsoincreased
therisk of HIV incidencemorethan 6-fold. A systematiceviewinvestigatingeecreational
drugusein GBMSMhasdemonstratedhat chemsexseis associatewith increasedisky
behavioursuchasCLSandgroupsexaswellaswith anincreaseén STisandpoor mental
healthsymptomq23]. Polydrugusehasalsobeenreportedto beassociategith condomless
sexandhigherpartnernumbersin HIV+negativeandHIVtdiagnosedsBMSMin the UK
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[24,25].Therearelimited dataon injection drug useamongGBMSMin the UK and Europe.
Findingsfrom the 2014GayMen'sSexSurveyanonline surveyof 14,464GBMSMIiving in
the UK, suggesthatinjection drug use(amphetaminecrystalmethamphetamineheroin,
mephedroneGHB/GBL,andketamine)is significantlyassociate@ith CLSwith multiple
partners[26]. Thesurveyalsofound thatinjectingwasmostcommonamongthosewho were
of age30to 59yearsjivedin London,andwereHIV seropositiveDatafrom Australianand
CanadianGBMSMcohortshavealsoobservedtrongassociationbetweerinjectingdrugs
andsexualisk behaviourg27,28].Furtherresearchnto the barriersto accessingllV preven-
tion serviceamongGBMSMwho injectdrugs,despitethe availabilityof harmreductionpro-
grammesn the UK, will beuseful.

We alsoobservedhattherisk of acquiringHIV washigheramongGBMSMwhoreported
high-risk sexuabehaviourgCLSwith multiple or HIV+positivepartners groupsexgreater
numberof newsexuapartnersyersatileCLSrole,and sexfor drugsor money)andbacterialSTI
diagnoseRiskwasparticularlyhigh for menreportinggroupsexandthosewith highernumbers
of CLSpartnersin the past3 months.Thisis consistentith findingsfrom othercohortstudies
in the UK andothercountries[8+9,29] Routineinquiry anddocumentatiorof thesefactors
couldenablebetterdirection of preventioneffortsat both the individual and populationlevel.

In the AURAH2 cohort, mostdemographi@and socioeconomiactorswerenot associated
with incidentHIV. HoweverweobservedihigherlR amongmenwith nonuniversitylevelof
educationthat might beexplainedby the higherprevalencef high-risk sexuabehavioursn
this subgroupof men.The prevalencef past3-month CLSat baselinevassignificantlyhigher
amongmenwith no educationabualifications at 86%(p = 0.038) comparedo menwith uni-
versity-leveeducationand otherqualification(S3 Table). A lowereducationalevelhasbeen
reportedto beassociatewvith risk-takingbehavioursandwith anincreasedisk of HIV sero-
conversionn Europearstudieq30,31].We did not find evidencehat high alcoholuse smok-
ing, or symptomsof depressioror anxietywereassociatewith incidentHIV in thebaseline
associateéactorsor time-updatedanalysisalthoughCls werewide for somefactors.It has
previouslybeenreportedthat the relationshipof mentalhealthsymptomswith sexuabehav-
iour maybecomplexandoperatein both directions[32].

The strength=of this studyincludethe prospectivalesignandHIV statusconfirmation of
all 1,162participantsenrolledin AURAH2 throughlinkagewith nationalHIV surveillance
data.This allowsfor optimum useof availablénformation to estimateHIV incidenceand
trendsfor all menin the cohort. Prior to datalinkage wehavepresentedur interim results
restrictedto menunderfollow-up with questionnairg33+34],adoptingthe singlerandom
point methodto decideHIV infection dateshetweerself-reportedirst HIV positivetest
resultsandlastHIV negativaestresults35]. We alsoobservedignificantdeclineovertime
amongthesemen;howevertrendswereonly ableto becalculatedrom 2015until 2018
(online follow-up period),andwe missedanumberof diagnosighat werefurther identified
afterlinking our datawith PHE.

Therearesomelimitations to this study.Men in this cohortwererecruitedfrom sexual
healthclinicsin urbanareaof Londonand Brighton andarepredominantlyhighly educated,
employedijn astableeconomicsituation,and of white ethnicity. Thesemenmaynot berepre-
sentativeof the broaderGBMSMpopulationin Englandandthe UK. It is possiblehatthe
incidenceestimatesndrisk factorsidentified arenot generalizabléeo GBMSMwho do not
attendsexuahealthclinics. Thesmallnumberof HIV infectionsin eachcalendalyearamong
menin this studyhasresultedin relativelywide Cls of IRs;therefore JRsand associationsvith
factorsmustbeinterpretedcarefully.In addition, assessmeif trendsovertime in sexual
behavioummaybesubjectio 2regressiorto the mean®astheclinic visit atwhich recruitment
occurredmayhavebeenspecificallypromptedby arecentperiod of higherrisk. For risk
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factorsanalysiswefocusedn baselindactorsin orderto includeall datafrom thewhole
cohort,which mayhaveunderestimatedhe associationbetweersexual/HIV-relatecdbehav-
ioursandHIV incidencejncluding theimpactof PrEP.Howeverweobservedimilarresults
whenanalysisvasrestrictedto 622menusingtime-updatedvariablesin termsof thetime-
updatedanalysisthe online retentionof participantswho initially registeredn the studywas
not optimal; however54%(4000f 622)of participantswho completecdat leastan online ques-
tionnairewereengagedh the studythroughout.Our resultsmaybesensitivao specificrecall
biasandsocialdesirabilitybiasin men'sresponsem the baselingjuestionnaireDatalinkage
to surveillancesystemsisingpseudo-anonymiseientifiershaspotentialfor mismatcheor
missingseroconversiongioweverthis hasbeenminimisedby PHE datatriangulation;all self-
reportedseroconversiongerevalidatedoy PHE data.Lastly this studywould not include
seroconversionthat werenot diagnosedr thosethatwerediagnoseautsidethe UK.

In summary this studyprovidesevidenceof asubstantiabeclinein HIV incidence
amongacohortof GBMSMattendingsexuahealthclinicsin England.Our datasuggest
that GBMSMreportingthe useof recreationallrugs,in particularinjection drug useand
chemsexdrug use high-risk sexuabehavioursuchasCLSwith multiple partnersCLS
with HIVxpositivepartners groupsex,andthosewith abacterialSTI,areatincreasedisk
of HIV acquisition HIV infectionsarealsosignificantlyhigheramongthosewith lowerlev-
elsof educationat baselineTemporaltrendsin sexuatisk behavioursanddrug usein the
cohortoverthe studyperiodweremixed,but the markeddecreas@ incidencecoincided
with asubstantialncreasen PrEPuse.Givensimilarfindingsfrom recentdataamong
GBMSMin theUK andothercountriesit is likely thatthe observedieclineis largely
relatedto theincreasen testingandearlierART initiation from 2013onwardandthe scale-
up of PrEP.Although effortsto endHIV epidemicarehavingasubstantiakffect further
improvementsspeciallyto increaseHIV testcoveragacrossll populationsatrisk remain
veryimportant. SustainablendcomprehensivéllV preventionandcontrol effortsmust
continuein the UK to reachzeronewinfectionsby 2030.
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