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Abstract

Objectives

Human papillomavirus (HPVassociated cancers disproportionately affect those infected
with human immundeficiency virus (HIV) despite effective combination antiretroviral
therapy (CART).The primary aim of this study was to quantify HPV16 and 52dpécific
interferon (IEN)+y ELISPOT T-cell responsesa correlate of protective immuniity the first
year followingcART and subsequently in thopatientswith suboptimalsIR) and optimal

immune reconstitutio(oIR).

Methods

94 HIV -infected patients were recruiteaiongitudinal cohort jusprior to commencing
cART andfollowed-up for 48 weeks (n=27and a crossectional cohort (n= 67) consisting
of patientswith sIR (CD4+ T-cell <350cellsjil) and olR(CD4+ T-cell >500cellsdl) after a
minimum oftwo years on cARTControls (n=29) consisted BilV-negativeindividuals
Interferony ELISPOTresponsesagainst HPV16 and 52 E6eve correlted to clinical
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characteristicsaanal and oral HPV carriag&-cell maturationaubsetsmarkes of
activation senescence andréguatory cells.

Results

HPV16 and52-E&pecificT-cell responsewere detected innly 1/27(3.7%)patientsduring
theinitial phase eimmune recoveryAfter at least 2 years of cCARThose who achieved olIR
had significantly higheresponse$9/34, 26.5%) compared to sIR (2/32, 6.3%) (p=0.029).
Apart fromhigherCD4+ T-cell countsandlower CD4+ Fcell activation no other
immunological,correlatewereassociated witthe detection o0HPV16 and 52 E&pecific

responses

Conclusions
HPV16 and 52E6-specifc IFN-y T-cell responsesa correlate of protective immunityas
detectednore frequently amoniglV patientsvho achieveaptimalimmune recoveryn

CART (26.5%) compared to those with suboptimal recovery (6.3%).

Word count; 248 words

Key words
Human paillomavirus (HPV), HPVspecific immune responses, human immunodeficiency

virus (HIV), immune recovery, cancaerombination antiretroviral therapy (CART)

BACKGROUND

Effective cambination antiretroviral therapy (CART) has led to a dranmetieasen thelife
expectancy.among individuals living with human immunodeficiency virus (KlV2)

While oppeortunistic infections have reduced significantly among those WitigHIV, the
incidence ethuman papillomavirusHPV)-associated diseasegluding cancerare
increasing@3y4). Thisis consistent withherising burden of HPVassociated canceesen

among those without HIV (5, 6)¥hen compared to the general population in the USA, those
living with HIV had a 38-fold higher risk of developing anal cancer andd@drincreaseisk

of invasive ervical cance(7). In additionHPV-associated ofa&ancer is also-8ld more

common in HIV-positive men than in the general populationl{#.estimated that 15% of
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96 all new cancer diagnosis among those living with HIV can be attributed to HPonféc)
97 compared to 4.8% among the general population (9).
98
99 Cellular immmune responses are central in balancing health and disease states associated
100  with HPV& Therole of cellular immunresponses to HPV have bekmonstrated
101 immunehistologicalstudieswhere the regression of cervical intraepithelial neoplasia and
102  genital warts have been associated witinflox of CD4+ T-cells,CD8+ cytotoxic Teells
103  and macrophages (10, 1®hile HPV-specific Fcell responses tdPV E6 antigens have
104  beenconsistentlyshown to correlate withirological clearance or clinicakegression of HPV-
105  associateddiseas€?-15). This in turn has been exploiiadhe development of therapeutic
106  vaccinesvhere immunological responses to E6 was fourabiicelate with clinical outcomes
107  (16-18).Therefore, systemic HR¥pecific E6 responsecan be uset identify those who
108  will likely mounta protective cellular immune response against HPV infection aethiisd
109 diseasesompared to those whmoayfail. The higher prevalence of HPV infection (19) and
110  cancers among individudising with HIV suggest that despitgparentlyoptimal immune
111  reconstitutiomas-@ssessed by CD4+c€&ll countand viral suppression, a protective
112 immunological response against oncogenic HPV may either never or inadegeately b
113 mounted. A'better understanding of the natural history of HPV infection and functional
114  reconstitution.oHPV-specific immunity in those with living with HIV would inform
115  prevention and treatment strategies agaiid¥-associated diseases.
116
117 We therefore xplored theassociatiorof HPV immunity in relation to CD4 T-cell
118  reconstitution among HIV-infected individuals receiving suppressive cCARTp@maryaim
119  was todefine immunological correlates of HPV16 and 529pécific immune responses
120 following CART. We also explorethe prevalence and risk factors associated with HPV
121 DNA detection.in the anogenital tract amel cavity amonghis multrethnic AsiarHIV -
122 infectedcohortreceiving suppressive CART
123
124 METHODS
125
126  Study population
127  Two cohorts oHIV-infected patientglongitudinal and crossectional)were recruited from
128 the Infectious Diseases Unit (IDUWYniversityMalaya Medical Centre (UMMC)The
129 longitudinal cohort (n=2)/comprised opatients commencing cART (t=0 weeks) and were
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followed-up for 48 weeks (=12, 24 and 48 weeKs)e inclusion criteria were: men or
women >18 years olehaive to CART no acute illness and not pregnant at recruitnigdre.
crosssectional cohort consisted patients witrsuboptimal (BR) andoptimal (dR) immune
recovery.The inclusion criteria were: men >18 yeald, receiving cCART for a minimum of
two years, CD#T-cell count persistently <350cellgl (SIR) or >500cellg/l (0IR) on
suppressiv€HIV ' RNA <50copies/mIcART. HIV-negativecontrols were recruited from a
local communitybased clinic. Samples collected were 40mls of blood, anal swab and oral
rinse. Peripheral blood mononuclear cells (PBMCs) were isolatedtéoferony (IFN-y)
ELISPOT assay andimunophenotyping. Clinical and detailed socio-demographic
paramegrs were extracted from medical records ardlBadminsteredquestionnaireAll
participants'provided written informed consent and this study was approved by UMME ethi
review board (MdicalEthics CommitteeReference 865.18).

HPV DNA testing

Anal svabs, were collected using a prmistened cervical brush (Hybribio Limited, China).
Oral rinsewas.ebtained bgargling 10ml of Listerine® mouthwasbBNA was extracted

from both anal. andral samplesand HPV DNA typing was performed using the Hybribio
Rapd GenoArray test kit (Hybribio Limited20). This kit detects 21 HPV genotypes,

including 13 highrisk (HR) genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68),
6 low-risk genotypes (6, 11, 42, 43, 44, and CP8304 [81]), and 2 probabledhkitypes (53

and 66). The tests were performed according to the manufacturer’s protoc@r{efly, the
extracted DNA was subjected to PCR amplification using HPV L1 consensus PCR primers
The PCR produstweresubsequently added to a probed membrane followed by flow-through

hybridisation andolourimetric reactiofior detection of amplified HPV DNA.

Anal cytology.

The anal cytological sam@enerecollected without angcopic guidance using the pre-
moistened=brusimto ThinPrep (Hologic, IncUSA) liquid-based specimen and Papanicolaou
stained. Allsslides were read by a single experienced pathologist, utihsBgthesda

System 2001 eriteria and terminology (21).

|FN-y ELISPOT
IFN-y producing HPVspecific T-cells were quantified using ELISPOT as previously
described13, 22, 23)Briefly, PBMCsweresuspended in Isocove’s modified Dulbecco’s

This article is protected by copyright. All rights reserved



164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

media enriched with 10% fetal bovine serum aedded at 2xf@ellsiml/well in a 24well
plate A set ofHPV16 E6 peptides consisting of 37 dtr peptides that overlap by 11 amino
acids(Supplementary dat&TL, Germany at lug/ml/peptide(24) were pooledwith a set of
HPV52EG6 peptides consisting of 10nm@ernon-overlapping peptides (supplementary data)
10ug/mi/peptide’(25). Memory recall mixcontaining 2 peptides from tetanus and 11 peptides
from humanCytamegalovirus pp65 antigesupplementary datpat 10ug/ml/peptidewere
used as positive controls. Following four days of inculmadip3?C, PBMCs were harvested,
washed and seededtiiplicateat a densityf 10 cells/well in a Multiscreen 96vell plate
(Millipore, USA). coated with anFN-y captureantibody (Mabtechireland). Further antdxly
incubations,and developmaenitthe ELISPOTwas performed as describ&8the measured
HPV E6-specific IFNy responses were from a combination of CD4/am«€CD8 T-cells
against types HPV16 or 52. Spots were counted with a fully automated comgaitted
video-imaging analysis systei@TL ImmunoSpot®USA). Sgecific spots were calculated
by subtracting the mean number of spots phetimesstandard deviatn of the medium
control from the mean number of spa experimentalells. Antigenspecific T-cell
frequencies.weré considerembepositivewhen specificT-cell frequencies were1/1¢*
PBMCs.

T-cell immunephenotyping by flow cytometry

Briefly, 1x10° thawedPBMC were stained in two separate panl<CD3 (PerCFCy5.5),

CD4 (PECy7), CD8 (APCH7), CD28 (APC), CD57 (FITC), CD45RA (PE), CCR7
(BV421) and viability dye (FVS510) and 2) CD3, CD4, CD8, CD38, HLA-DR (BV421,
clone G46-6), CD25 (BB515, clone 2A3), Foxp3 (Alexa Fluor® 647, clone 259D/C7) and
viability stain. All antibodies were purchased from BD PharmigeBMCswere stained for
surface markers for 2@inutesat room temperature and washed twice before acquisition.
PBMCsin.thesecond panel weffertherfixed and permeabilized with Foxp3 staining buffer
kit prior totintracellularly staining with anfroxp3 antibodies or isotype control IgG1 (Alexa
Fluor® 647yclone MOP-21) for 3@ins. All samples were rsuspended in stabilizing
fixative andacqured on BD FACS Cantoll (BD Biosciences, USAand analysed using
FACS Diva ve:Following gating to exclude doublets and dead cells (FVS51B33+ cells
were selected and sequentially gated for CD4+ and CD8+ T-cells and subsequendy for t
maturational sbsets of naive (CD45RA+CCR7+), central memory, CM (CD4RFOR7+),
effector memory, EM (CD45RACRT) and terminallydifferentiated effector memory,
TdEM (CD45RA+CCRY?Y) cells. The proportion of activation and senescence markers on
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198 CDA4+ and CD8+ Teells wee defined from the co-expression of CD38+HD&+ and

199 CD57+CDZ28 cells, respectively. -Fegulatory cells were reported as percentage of

200 CD3+CD4+ Fcells expressing CD25+Foxp3+ (Figure 1).

201

202 Dataanalysis

203  Clinical and immunologicatharacteristics were comgeal usingMannWhitney U and Chi-
204  squareFisher’'s exact testogistic regression analysis was used to assess immunological
205 factors associated withPV carriage an#iPV-specific responses. Gariateswith p<0.25
206 andwell established risk factors were incagdin the multivariate model whergaalue of
207  <0.05 was considered significaBtatistical analyses weperformed usingPSS Statistics
208  version22 (IBM):

209

210 RESULTS

211

212 Patient characteristics

213 Intotal, 94 HIV.-infectedpatients were recruite@7 in the longitudinal arm and 67 in the
214  crosssectional.armand 29 HIVnegative controls

215

216 In the crosssectional cohort32 patients d@ayedsuboptimal immune recovergiR)
217  while 35 hadptimal immune recoverflR). The median age wakl (nterquartile range
218  [IQR]: 39-48)years with 40/63 (63.%) smokers, 16/50 (3@%) circumcised and 27/64
219  (42.2%) men who had sex with men (MSMs) (TableThe median duration osuppressive
220 cART was 5 (IQR3-9)years(Table 2).The agesmoking history, circumcision rates,dan
221  sexual orientation, were not significantly different between sIR andT@BRle 1)but

222  baseline CD4+H -cell countswas significantly higher in olR compared to sIR (1BDR: 66-
223 314] vs 28 [QR:10-59]cells/ul p<0.00) (Table 2).

224

225 In the lengitudinatohort, the median age was 35 (IQB0-41)years with all other

226  parametergmeluding smokingistory, circumcisionratesand sexual orientation being

227 comparabletosthe crosectional cohort (Table 1). The median baselibg+ T-cell count
228 was 221 IQR: 63-319)cells/ul(Table 2) Of interestcomparison of Teell subsets between
229 hetere and homosexualglemonstratea significantly higher proportion aifctivated CD8+
230 T-cells (CD8+CD38+HLADR+) among the homosexuals. Howebere werano
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differences observéin proportions of Tregs senescentD4+ and CD8+ Icellsor activated
CD4+ T-cells.

In the HIV-negative controls, the median age wasI®IR( 29-53) years comparable to
theHIV -positives (p=0.314). Tiere were more individuals who were circumci$&8
(60.7%, p=0.014) and notab®4/25 (960%) being heterosexuals compared to the HIV-
infected individualgTable 1)

Prevalence and,risk factors associated with HPV DNA detection

Overall 25/44 (56.80) and 751 (13.7%) of the crossectional cohort hadPV DNA

deteced inttheanaland oral cavityespectivelywith no significant differaces between sIR
and olIR (p=0.604 and p=0.432, respectively) (Tabléndnal samples with detectable HPV
DNA, 17/25 (68.0%) had two or more HPV types, with 21/25 (84.0%) having HIPNR-
HPV16 and HP\b2 were detected in 6/21 (28%) and 5/21 (23%) of the anal sawifites
multiple infections detected in all the samples carrying HP\hé.other commonly
detected HRP\.types were 6,11,16,31 and®8ral samples with detéable HPV DNA 6/7
(85.7%) had singleiPV types,with 4/7 (57.1%) being HRHPV.

In the longitudinal cohorgnalHPV DNA was detecteth 19/26 (73.%) at recruitment
and went up to 16/20 (80.0%) 48 weeks witl#/27 (14.8%) and 6/21 (28.6%¢tectedn
the oral cavityduringthe samdime-points(Table 3. 21/24 (87.5%pf the anal sampldsad
two or more HPV types, with 23/24 (95.8%) having a HRY type at any single timpoint.
The most common HRIPV types present in this cohort at any single {poat were
HPV16 (45.8%) and HPV52 (37.7%). For oral samples with detectable HPV DNA, 4/10
(40.0%) had two or more HPV types detected at any single time-point, all of whom had a
HR-HPV._ type..The most common HRPV types present at any single thpeint were
HPV18 (50:0%)-and HPV1@!0.0%). No decrease in anal and oral HPV carriage was

observed overithe 48eekperiod despiteART-induced CD4+ Teell countincrease

There was,@&orrelationbetweeralcohol consumptiowith oral HPV carriag in the
HIV -infectedindividuals (p=0.04Panda tendency of greater HPV anal carriage with
engagement of anal sex (p=0.0%5able4). Both drcumcision(p=0.255) and smoking

history (p=0.358) did not influence anal and &V carriagerespectivelyHowever,no
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significantrisk factors werdound to be independently associated with either anal or oral
HPV carriage in the multivariate analysis.

In the HIV-negative controls, detection @PV DNA in theanal canal wa$/16 (6.3%6)
which was significantly lowethanthe HIV-infected cohort§p<0.001)while the detection
in the oral/cavity was comparalde3/29 (10.3%), p=0.337.

Correlation between anal cytology and HPV DNA detection

In the cross-sectional cohort, only 44/67 samples had sufficient cells for cy&blogic
assessent,\When comparing the sIR and oIR groups, there was no difference in those with
cytology>atypical squamous celtd undetermined significandASC-US) (38.9% vs 25.0%,
p=0.358) While'presence of anal HPV DNA carriage was positively associated with
cytology>ASC-US (p=0.001), no correlation between multiple HPV types and the presence
of HR-HPV was associatedith cytology>ASC-US (p=0.13 and p=0.2Rspectively) No

cytologicalitrends were observed in the longitudinal cohort.

I mmunological.and clinical correlates of HPV16 and 52 E6-specific responses
Overall,12/91(13.246) from the HI\tinfectedcohort exhibited RV16and52 E6-specific
responses¢Table 3) compared to 2/28 (7.1%) in the Higgative cohorf{p=0.385).

In the crosssectional cohort, regardless of HPV carriage and anal cytology, significantly
lower HPV16and 52 E6specific responsavere observedmong the sIR (2/32, 6.3%)
compared to oIR (9/34, 26.5%) (p=0.02Z%able 3) The magnitude of the E€pecific
responses between oIR (17.4, IQR: 13.2-18.9) were comparable to the sIR (19.3, IQR: 15.2-
23.8) groupp= 0.637) The presence of HPV16 and/or 52ratland/ororal sites at the time
of recruitment.did not correspond to the HPV16 and 53 &g&:ific immunity detected
(p=0.339) Baseline CD4AT-cell counts and duration on cCART were not different in
individualsswith“and without HPV16 and 52 Efecific responses£0.282 and 0.965,
respectively)yHowever individuals with higher CD4 T-cell counts at recruitment had
significantlygreater magnitte of HPV16 and 52 E§pecific responses (p£28). While
there weresignificant differences in the E€pecific responses between oIR and sIR,

responses to MRM only trended towards significajpce 0.569 (Table 3).
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In the longitudinal cohort (n=25), only one patient displayl®¥/16 and 52 E6specific
responseat weeksl2 and 24fter cART. This individual had HPV52 detected in the anal
canal at week&2 and 24. While the immune responses to E6-peptides were barely
detectable, approximately 50% of the patients mounted a response to MRM despite the low
CD4+ T-eellFeounts (Table 3).

In the ‘analysis of immune correlates of HE&Vand 52 E&pecific responses in CART
treated HIVinfected individuals, both the data for the cresstional and longitudinal (ve&
48) were combinedl@bleb). In the univariate analysjdifferences in cell maturational
subsets (naivé&;M, EM andTdEM) were not associated witPV16and 52 E6specific
responsesi'However, higher CD4+ T-cell activation (p=0.030)siga#icantlyassociated
with the lack oHPV16 and 52 E6specificresponsewvith only a tendencyor higher CD8+
T-cell activationexhibitinga similar trendp=0.067) Neither he proportion of CD4+ T-
regulatory cells (p=0.959) nor the proportion of senesC&#+ T-cells (p=0.718) and CD8+
T-cells(p=0.433) were associated witiPV16and 52 E6specificresponses. Besid€&D4+
T-cell countsat.récruitmen{p=0.008), there was a tenderioy patients with a lower
CD4:CD8 T-cellratio (p=0.072jo fail in mountinga HPV16 and 52 E&pecific response
(Tableb).

In the multivariate analysis, none of tinemunological parametersere independently

associateavith HPV16and 52 E6Gspecificimmuneresponss.

DISCUSSION

To date this is the largest study to have assesseotietatef systemic HPVspecific
immune responses tmmune recoveryollowing cCART among those with HIV infection.

We quantifieddPV-specific immunityduring theinitial phase of immune recovery following
CART andsubsequently in patients with syftimal and optimal immune recovery (sIR and
olR). We_showed thatiPV-specific immune responses were rarely detected duringshe
year following:¢ART but in individuals on cART for a longer duratianpptimal immune
recovery >500cellgl was associatedith significantly higher frequencies of HP&fecific
responses compared to individuals with suboptimal recoveryd¢e85{il). When assessing
the immunological correlates of HPV-specific responses, only higher Cx&H §ounts and

lower CD4+ Fcell actvation were found to be associated with HEMecific responses
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The anal and oral HPV carriage rates in our Hiféctedcohort of 64.1% and 18.1%,
respectively are consistent with the high prevalence of HPV infetmortedamong HIV-
infectedindividuals(42-96% anal and 9.6-38.5% oral HPW¥hese studies also demonstrate
HPV16 and"52"being the most common HPV typesZ2p-The consistently higher
prevalence®f HR-HPV observed globallydespite effeate CART and CD4+ Teell recovery
point towards an inadequate immune-mediated resolution of and protection Bigaist

infection

We investigate HPV-specific immune responsdsring thedifferentphass of immune
recovery following cART. In the longitudinal cohort, only 1/25 patient exhibited HPV-
specific responsewithin the first 48 weeks of suppressive cART. In contrast, higher
frequencies of HP\specific responses were detected in the esesfional cohort with a
median duration of 5 years on cART. More strikingly, individuals in the olR group had
significantly higher HPVspecific responsg26.5%) compared to the sIR group (6.3%)e
lack ofantigerspecificresponsg against pathogsrduring early recovery has previously
been observemh.otherHIV co-infections (30, 31)It was therefore not unexpectt HPV-
specificlresponses to bdrequently @tected during thirst year of treatmenturthermore,
HPV isexclusively epitheliotrophievhere the majority of antigespecific immune cells
reside locally(reviewed in(32)) with low but detectable lels of circulating HPVspecific
T-cells. Therecovering immune system during cART initiatisralsochallengetly alarger
load of otheisystemicantigens including human herpes viruses (33hadenceby a
detectable MRM response in nearly haflthe longitudinal cohort, 12 weeks after
commencing CART, Taken together, the lack of Hipécific responses in early phase of
CD4+ T-cell recovery and subsequentigcreased responsseenin olRimplies that a
specific threshold of CD4T-cellsis requiredbeforeHPV-specific immunity can be
detectedThe'cancept oimnmunecompetence as assessed by €D4cell countsand its
associatiomwith viruspecificcellular immunityhas also beenbserved irHIV /hepatitisB
virus and.€MVco-infected individualg30, 34) Alternatively, the lack of HP\specific
responses in‘the early phase of immune recovery could be driven by therfemsafy
specificcellsdue to greater turnover as we observed a signifingatse correlation between

CD4+ T-cell activation and HP\$pecific responses in this cohort.
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In our cohort, neither the extent of immune recovery nor the development of HPV16 and
52 E6specific resposes werassociated with differences in HPV carriage or abnormal anal
cytology. This is not surprising as histological outcomes (biopsies) have been shown to
correlate better to the immunological markers compared to virological or cytological

outcomes' (I3particularly since this study was limited by its small numbers.

The largest study to date identifying HPV16 &fecific responses was in a mixed HIV
infectedhegativepopulation of MSMs using a flow cytometbased ass#24). In that study,
50% displayed,HPV16 Eépecific response$ut this did not show argorrelationswith age,
HIV status,,or anal HPV1§tatus However,a trend between recent ammgdgh-grade
squamous‘intraepithelial lesigHSIL) regression and systemic £pecific CD4+ Fcell
responses was demonstrated, confirming the superiority of tissue biopsiddsPV DNA

detection as a surrogate marker for clinical outcomes.

The observetiPV16 and 52 E&pecificrespnses among the HIV-negative controls
(7.1%)was lewer tharthat expected of around 30-50%he discrepancyauld be explained
by differences.in the study populat®rHistorically, studiedemonstratindnigh proportions
of protedive immunityassociated with E6pecific responsdsave been predominantly in
womenwith cervical diseaswith regressing lesions or legrade disease that dnbt
progress to higigrade lesion§12-15). In contrast, our controlserehealthy males with low

anal HPV carriage rates

The strengthof the study is itsvell-characterizedlinical populationand correlating it to
immunological outcomes in HIV-infected individuals. It algdises a sensitivé-cell assay
(IFN-y ELISPOT) that has been validated and used in various populations(12, 13, 22, 23) to
detect low'levels of antigespecific immunity A majorlimitation of this assay ithatIFN-y
was the onlyparametemeasuregddiscounting the effects of other regulatory cytokiri@iher
limitationsefithe study include small sample numbers in the longitudinal cahdrthe lack

of immunolegical correlates to lortgrm clinical outcomes.

Despite effective viral suppression on cART3 of patients will not achieve optimal
CD4+ T-cell recoverygespecially in those starting treatment &8, 36).Theyarealso
particularly susceptible to neAIDS associated cmorbidities(37, 38). This studpas
demongtatedthat those with suboptimal immune recovalsolacks HPV protective
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immunity and are possibly at greater risk of developing serious &#3Wueiated diseasé¥e
propose that this group should be considered formore intensive screensiwaltibe
erncouraged to consider HPV vaccinationhere is good evidence soiggesthatHPV
vaccination among those who have previousbeivel treatment for prenalignant disease
of the cervix*(cervical intr@pithelial neoplasiagignificantly reduced the incideaof
subsequentiPV-related diseas@9). This suggestshat those ifected with HIV on cCART
exhibiting HPVassociated diseases may gistentiallybenefit This is supported by
immunogenicity studies amottigose who are HI\irfected(40)and studies that have shown
that vaccinating men with a history of highade intraepithelial neoplasia reduces the
recurrencerates by up to 50% (41), and that this strategy is cost effectivenemeg the
HIV-infected (42).

CONCLUSIONS

HPV-related pathology remains a significant cause of morbidity and mortality amoweg thos
living with HI\.despte effective viral suppressive therapy. The failure to mount an effective
HPV-immune response among those with subopti@i2d+ T-cell recovery may increase

their susceptibility tdHPV-associatedancersPatients on cART with suboptimal CD4+ T-

cell recovey should therefore be considered for increased surveillance and HPV vaccination

in the prevention of HP\associated cancers.
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564 Table 1l Demographic learacteristice®f HIV -infectedpatientsand HIV-regativecontrols

565
Crosssectional Longitudinal (n=27) Control (n=29)
sIR (n=32) oIR (n=35)
Age, median. (IQR) 42 (39-50) 40 (38-46) 35 (30-41) 39 (29-53)
Ethnicity (%)
Malay 2(6.2) 7 (20.0) 6 (22.2) 12 (41.4)
Chinese 29 (90.6) 21 (60.0) 15 (55.6) 9 (31.0)
Indian 1(3.2) 7 (20.0) 1(3.7) 8 (27.6)
Others 0 (0) 0 (0) 2(7.9) 0 (0)
Smoking. history (%)
Yes 20/30 (66.7) 20/33 (60.6) 12 (44.4) 18/28 (64.3)
Never 10/30 (33.3) 13/33 (39.4) 15 (55.6) 10/28 (35.7)
Circumcised (%)
Yes 6/24 (25.0) 10/26 (38.5) 5/14 (35.7) 17/28 (60.7)
Sexual oriéntation (%)
Heteresexual 18/30 (60.0) 16/34 (47.1) 6/26 (23.1) 24/25 (96.0)
Homosexual 11/30 (36.7) 16/34 (47.1) 19/26 (73.1) 0/25 (0)
Bisexual 1/30 (3.3) 2/34 (5.8) 1/26 (3.8) 1/25 (4.0)
Average.number of lifetime sexual partners (9
1 2/24 (8.3) 4/26 (15.4) 1/15 (6.7) 6/25 (24.0)
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>2

Do not remember

Sexual practice@no)

Oralssex

Anal'sex

15/24 (62.5)
7/24 (29.2)

17/24 (70.8)
10/24 (41.7)

17/26 (65.4)
5/26 (19.2)

22/26 (84.6)
12/26 (46.2)

10/15 (66.7)
4/15 (26.7)

13/15 (86.7)
12/15 (80.0)

17/25 (68.0)
2/25 (8.0)

12/25 (48.0)
2/25 (8.0)

HSV-1 antibody positive (%) 12/19 (63.2) 13/22 (59.1) 12/20 (60.0) --
HSV-2 antibody positive (%) 13/19 (68.4) 9/22 (40.9) 4/20 (20.0) --

566 HSV, herpes simplex virus; IQR, interquartile range; olR, optimal immunologispbnder; sIR, subtmal immunological responder.

567 Table 2 Clinical andimmunological prametersn theHIV -infectedpatientsand HIV-regativecontrols

568
Crosssectional Longitudinal (n=27) Control
sIR (n=32) oIR (n=35) Week 0 Week 12  Week 24  Week 48  (n=29)
Years on-cAR, median (IQR) 5 (3-9) 5 (3-9) -- -- -- -- --
CART regimen --
NNRFI=based 32 (100) 35 (100) -- 26 (96.3) 26(96.3) 25(92.6)
Pl-based 0 (0) 0 (0) -- 0 (0) 0 (0) 1(3.7)
Integrase inhibitobased 0 (0) 0 (0) -- 1(3.7) 1(3.7) 1(3.7)
CD4+ T-cell.count (cells/ul), median (IQR) --
Baseline 28 (10-59) 190** 221 (63- -- -- --
(66-314) 319)
At recruitment 285 733** -- 291 310 410
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(224-332) (671-945) (186-406) (207-462) (268-481)
CD8+ T-cell count (cellgdl) , median (IQR) --
Baseline 473 710.5* 745 -- -- --
(237-876) (492.3- (414-1020)
1391)
At recruitment 799 950* -- 883 809 952
(560-982) (723-1421) (596-1271) (539-1118) (668-1297)
CD4:CD8-ratio, median (IQR) --
Baseline 0.07 0.22** 0.29 -- - -
(0.03-0.12) (0.09-0.31) (0.16-0.38)
At recruitment 0.37 0.78** -- 0.38 0.44 0.39
(0.31-0.45) (0.57-1.09) (0.25-0.54) (0.29-0.61) (0.29-0.55)
HIV viral load (copies/rt), median (IQR)
Baseline 1942455 92461* 54401 -- -- -- --
(97525- (37599- (27649-
405805) 233000) 155050)
At recruitment Below limit Below limit -- Below limit Below limit Below limit
of detection of detection of detection of detection of detection
Anal cytolagy (%)
Technically unsatisfactory 3/21 (14.3) 3/23(13.0) 11/24 4/16(25.9) 5/20 (25.0) 3/14(21.4) 26/29
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(45.8) (89.7)

This article is protected by copyright. All rights reserved

Normal 11/21 15/23 4/24(16.7) 4/16(25.0) 9/20 (45.0) 6/14 (42.9) 3/29 (10.3)
(52.4) (65.2)
ASC-US 2/21 (9.5) 1/23(4.4) 3/24 (12.5) 0/16 (0) 0/20 (0) 2/14 (14.3) 0/29 (0)
LSIL 2/21(9.5) 3/23 (13.0) 4/24 (16.7) 5/16 (31.3) 2/20 (10.0) 1/14 (7.1) 0/29 (0)
ASCH 3/21 (14.3) 0/23 (0) 2/24 (8.3) 1/16 (6.3) 3/20 (15.0) 0/14 (0) 0/29 (0)
HSIL 0/21 (0) 1/23 (4.0) 0/24 (0) 2/16 (12.5) 1/20(5.0) 1/14(7.1) 0/29 (0)
T-cell immmunophenotyping
CDA4+ T-cells, median % (IQR)
Naive 25 (15-31) 36 (24-50) 28 (14-39) 23(6-34) 28 (17-41) 35 (22-46) 43 (35-
4T7)**
CM 46 (39-51) 38(34-48) 31 (23-41) 35(28-45) 40 (33-44) 35(31-38) 37 (31-43)
EM 27 (21-36) 19 (11-26) 28 (20-49) 27 (19-54) 22 (17-36) 23 (17-35) 15 (13-
20)**
TdEM 1(1-3) 2 (1-5) 4 (1-11) 2 (1-8) 2 (1-6) 1(1-5) 1(1-4)
Activation 8 (6-11) 5 (4-7) 29 (15-50) 25(13-40) 16 (13-29) 13 (10-21) 3 (3-5)**
Senescence 3 (1-7) 4 (1-10) 11 (2-28) 8 (2-16) 6 (1-13) 5 (1-14) 1 (0-3)*
T-regulatory cells 7 (6-9) 6 (5-7) 7 (5-10) 6 (5-12) 7 (5-11) 7 (5-10) 6 (5-6)
CD8+T=cells, median % (IQR)
Naive 8 (5-15) 16 (10-25) 8 (4-11) 9 (4-15) 12 (8-22) 14 (7-17) 21 (9-28)*
CM 5(3-8) 7 (5-9) 2 (1-3) 3(1-4) 4 (3-5) 3 (2-5) 6 (4-9)



569
570
571
572
573
574
575
576

EM 56 (44-62) 44 (37-53) 57 (45-67) 49 (43-55) 43 (34-53) 47 (36-52) 46 (34-51)

TdEM 28 (20-35) 30 (20-38) 29 (23-41) 38 (29-44) 37 (29-45) 35 (27-44) 31 (23-40)
Activation 22 (13-30) 14 (11-19) 73 (58-77) 62 (50-71) 48 (45-53) 42 (29-51) 14 (8-21)*
Senescence 44 (32-55) 30 (22-43) 43 (37-51) 50 (43-58) 49 (37-57) 48 (43-58) 33 (26-43)*

ASC-H, atypical squamous cells cannot exclude fggide squamous intraepithelial lesion; ASC-US, atypical squamous cells ofromdetk
significance; cART, combined antiretroviral therapy; CM, central memory; EM, effector mekiMyhuman immunodeficiency virus{SIL,
high-grade’sgquamous intraepithelial lesion; IQR, interquartile range; LSILgtade squamous intraepithelial lesion; NNRidn-nucleoside
reverse transcriptase inhibitor; olR, optimal immunological responder; PI, protease inhibitor; sIR, suboptinmalagicalresponder; TAEM,
terminally-differentiated effector memory.

*p-value-<0:05 and *5-value <0.001.

Table 3 Detectionof HPV DNA andHPV16 and 5ZE6-specificimmune esponses theHIV -infectedcohort

Crosssectional Longitudinal (n=27)
sIR (n=32) oIR (n=35) WeekO Week12 Week?24 Week48
Anal HPYecarriage
Any HPV positive (%) 12/21 (57.1) 13/23 (56.5) 19/26 (73.1) 14/19 (73.7) 16/21 (76.2) 16/20 (80.0)
Any-HR=HPV positive (%) 10/12 (83.3) 11/13 (84.6) 19/19 (100) 14/14 (100) 15/16 (93.8) 14/16 (80.0)
HPV16.positive (%) 3/12 (75.0) 4/13(30.8) 8/19 (42.1) 5/14(35.7) 6/16 (37.5) 6/16 (37.5)
HPV52pasitive (%) 4/12 (33.3) 1/13 (7.7) 4/19 (21.1) 6/14 (42.9) 5/16 (31.3) 5/16 (31.3)
Number of types detectgukr sample
1 3/12 (25.0) 5/13(38.5) 5/19(26.3) 3/14(21.4) 4/16 (25.0) 6/16 (37.5)
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>2 9/12 (75.0) 8/13 (61.5) 14/19 (73.7) 11/14 (78.6) 12/16 (75.0) 10/16 (62.5)
Oral HPV carriage

Any HRV positive (%) 4/24 (16.7) 3/27 (11.1) 4/27 (14.8) 4/20(20.0) 5/22 (22.7) 6/21 (28.6)
Any HR=HPV positive (%) 2/4 (50.0) 2/3 (66.7) 4/4 (100) 4/4 (100) 5/5 (100) 6/6 (100)
HPV16_positive (% 1/4 (25.0) 0/3 (0) 3/4 (75.0) 2/4 (50.0) 2/5 (40.0) 1/6 (16.7)
HPV52 positive (%) 0/4 (0) 0/3 (0) 0/4 (0) 0/4 (0) 0/5 (0) 0/6 (0)
Number of types detectgubr sample
T 4/4 (100) 2/3 (66.7%) 2/4 (50.0) 3/4 (75.0) 3/5 (60.0) 6/6 (100)
>2 0/4 (0) 1/3 (33.3%) 2/4 (50.0) 1/4 (25.0) 2/5 (40.0) 0/6 (0)
Cervical'HPVcarriage
Any HRV positive (%) -- -- 2/2 (100) 2/2 (100) 2/2 (100) 1/2 (50.0)
Any"HR-HPV positive (%) -- -- 2/2 (100) 2/2 (100) 2/2 (100) 1/1 (100)
HPWV16-positive (%) -- -- 1/2 (50.0) 1/2 (50.0) 1/2 (50.0) 1/1 (100)
HPV52 positive (%) -- -- 1/2 (50.0) 1/2 (50.0) 1/2 (50.0) 0/1 (0)
Numberof types detectgukr sample
1 -- -- 1/2 (50.0) 1/2 (50.0) 1/2 (50.0) 0/1 (0)
>2 -- -- 1/2 (50.0) 1/2 (50.0) 1/2 (50.0) 1/1 (100)
HPV16 and-5E6-specific immune responses 2/32 (6.3) 9/34 (26.5) 0/25 (0) 1/19 (5.3) 1/20 (5.0) 0/20 (0)
(%)

Responses to memory recall mix (MRM) 21/32 (65.6) 20/34 (58.8) 10/25(40.0) 8/19(42.1) 10/20 (50.0) 9/20 (45)
containing tetanus and CMV peptides (%)
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577  HIV, human immunodeficiency virus; HPV, human papillomavildB:HPV, highrisk HPV genotypes; oIR, optimal immunological
578 respondersIR, suboptimal immunological respondéetPV16 and HPV52 E6 antigespecific immune responses as determiogdFN-y
579  ELISPOT.
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580 Table4 Univariateanalysis orrelating HPVcarriage taisk factors andlinical parameters

581
Parameter Coefficient OR (95% ClI) p-value
Anal HPV carriage
Age -0.011 0.99 (0.93-1.06) 0.757
Smokifng -0.241 0.79 (0.28-2.23) 0.651
Engagementin anal sex 1.088 2.97 (0.98-9.02) 0.055
Number oflifetime sexual partners 0.272 1.31 (0.23-7.38) 0.758
1 0 1
>2 0.272 1.31 (0.23-7.38) 0.758
Sexual orientation
Heterosexual 0 1
Homosexual 0.981 2.7 (0.90-7.89) 0.077
Bisexual 0.693 2 (0.16-24.87) 0.590
Circumeised 0.713 2.04 (0.59-6.96) 0.255
HSV-1antibody
Not detected 0 1
Detected -0.229 0.80 (0.20-3.13) 0.743
HSV-2 antibody
Not detected 0 1
Detected 0.229 1.26 (0.32-4.94) 0.743
Oral HPV 'carriage
Age -0.057 0.94 (0.87-1.03) 0.173
Smokinghistory 0.603 1.83 (0.51-6.62) 0.358
Alcoheleonsumption 2.228 9.28 (1.09-79.40) 0.042
Engagement in oral sex 0.264 1.30 (0.32-5.26) 0.711
Numbéroflifetime sexual partners
1 0 1
>2 19.439 276938527.31 (O 0.999
Sexual orientation
Heterosexual 0 1
Homosexual -2.708  5.19 (1.03-26.23) 0.046
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Bisexual 2.015  7.5(0.46-122.70)  0.158
HSV-1 antibody

Not detected 0 1

Detected -1.609 0.2 (0.034-1.19) 0.076
HSV:=2 antibody

Not detected 0 1

Detected -0.580  0.56 (0.096-3.28) 0.521

582  ClI, confidence interval; HPV, human papillomavirus; HSV, herpes simplex virus; OR, odds
583  ratio.

584  *p-value <0.05.is considered statistically significant differprtalue of >0.25 were included
585 into amultivariate analysis where no statistically significant relationship was demonstrated.
586 Table5 Univariateanalysis correlating thegsence oHPV16 and 5Z6-specificimmune

587  responses to-tell subsets

588

T-cell subsets HPV16 and 5Z6-specific immune p-value

reponses$

Coefficient OR (95% ClI)
CD4+ at recruitment (cellgl) 0.002 1.00 (1.001-1.004) 0.01*
CD4.CD8 ratio 0.901 2.46 (0.65-9.34) 0.07
% CD4+CD45RA+CCR7+ 0.005 1.01 (0.96-1.05) 0.83
% CD4+CD45RACCR7+ 0.009 1.01 (0.95-1.08) 0.79
% CD4+CDASRA-CCR* -0.008 0.99 (0.94-1.05) 0.99
% CD4+CD45RA+CCRY -0.053 0.95 (0.80-1.13) 0.55
% CD8+CD45RA+CCR7+ 0.002 1.00 (0.95-1.06) 0.94
% CD8+CD45RACCR7+ 0.080 1.04 (0.89-1.22) 0.59
% CD8+CD45RACCR™T -0.022 0.99 (0.93-1.03) 0.43
% CD8+CD45RA+CCRY 0.017 1.02 (0.96-1.08) 0.54
% CD4+CD38+HLADR+ -0.248 0.78 (0.61-1.00) 0.03*
% CD8+CPb38+HLADR+ -0.065 0.94 (0.88-1.00) 0.07
% CD4+CD28€D57+ -0.032 0.97 (0.89-1.06) 0.72
% CD8+CD28CD57+ -0.014 0.99 (0.95-1.03) 0.43
% CD4+CD25+Foxp3+ -0.059 0.94 (0.72-1.23) 0.96

589  ClI, confidence interval; HPV, human papillomavirus; OR, odds ratio.
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*p-value <0.05 is considered statistically significant different. Univariate analysis showed a
positive correlation betwednPV16 and 52E6 responses ar@D4+ T-cells at recriiment,

but inverse correlation with CD4+CD38+HLBR+ T-cells p-value of >0.25 were included
into a multivariate analysis where no statistically significant relatipnshs demonstrated.
'HPV16 and*HPV/52 E6 antigespecific immune responses as determimgdFN-y

ELISPOT.

Figurelegends

Fig 1 Flow cytometry gating strategy fordell subsets. Panel A: Following gating to exclude
doublets, CD3+ cells were selected and sequentially gated for CD4+ and CB&its Bnd
subsequently/for the maturational subsets of naive (CD45RA+CCR7+), centratyn€io
(CD45RACCRT+), effector memory, EM (CD45REBCR7) andterminally-differentiated
effector memory; TdEM (CD45RA+CCR7-). Panel B: Following gating to exclude doublets
CD3+ cells were selected and sequentigdied for CD4+ and CD8+ gells and

subsequently for activation (CD38+HLBR+) and senescence markers (CBED28,)

cells, respectively. -Tequlatory cellswere reported as percentage of CD3+CD4aells

expressing\CD25+oxp3t.
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