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Abstract

Problem:HIV susceptibility is linked to the penile immunemilieu (particularly IL-8 lev-

els) and microbiome. The effects of insertive vaginal sex itself on penile immunology

andmicrobiota are not well described.

Method of study: We compared the immune milieu and microbiology of the coronal

sulcus (CS) anddistal urethra in 47uncircumcisedUgandanmen reporting ever (n=42)

or never (n = 5) having had vaginal intercourse. Soluble immune factors were assayed

bymultiplex ELISA, and penile bacteria abundance by 16S rRNAqPCR and sequencing.

Co-primary endpoints were penile levels of IL-8 and soluble E-cadherin.

Results: Independent of classical STIs, men reporting prior vaginal sex demonstrated

elevated IL-8 levels in both the coronal sulcus (1.78 vs. 0.81 log10 pg/mL, p = .021)

and urethra (2.93 vs. 2.30 log10 pg/mL; p = .003), with a strong inverse relationship

between urethral IL-8 levels and the time from last vaginal sex (r = –0.436; p = .004).

Vaginal sex was also associated with elevated penile IL-1α/β and soluble E-cadherin

(sEcad), a marker of epithelial disruption. Gardnerella vaginalis (Gv) was only present

in the penile microbiome of men reporting prior vaginal sex, and urethral Gv absolute

abundance was strongly associated with urethral inflammation (r = 0.556; p < .001);

corynebacteriawere enriched in theCS ofmen reporting no prior vaginal sex andwere

associated with reduced CS inflammation.

Conclusions: Sexual intercourse was associated with sustained changes in penile

immunology, potentially mediated through microbial alterations, in particular the ure-

thral abundance of G. vaginalis. Future studies should further characterize the effects

of sexual debut on penile bacteria and immunology.
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1 INTRODUCTION

Sub-SaharanAfrica remains the epicenter of the global Human Immun-

odeficiency Virus type 1 (HIV) pandemic, and in this region, most

transmission occurs during penile-vaginal sex.1 Pre-exposure prophy-

laxis (PrEP) is an effective way to prevent transmission, but PrEP

roll-out is far short of UNAIDS targets in resource-limited settings and

HIV incidence remains high.2 Understanding the biological factors that

contribute to HIV transmission may lead to novel prevention strate-

gies. The genital immune milieu at the site of virus exposure strongly

influences HIV transmission risk in both men and women.3–6 Penile

acquisition is thought to occur primarily through two tissue sites, the

inner foreskin7 and the distal urethra,8 and acquisition is linked to

inner foreskin levels of the chemoattractant cytokine IL-8.6,9 In addi-

tion, in uncircumcised men the coronal sulcus (CS) level of soluble

E-cadherin (sEcad), a tight junction protein, has been correlated with

both increased coronal sulcus levels of IL-810 andwith genital epithelial

disruption11 thatmayenhance virus access to sub-epithelialHIV target

cells.

Sexually transmitted infections are known to alter penile

immunology,12 and recently it has been demonstrated that the

coronal sulcus microbiome is also an important determinant of the

local immune milieu, including both IL-8 and sEcad levels.9,10 Specif-

ically, six bacterial species have been defined as Bacteria Associated

with HIV Seroconversion and Immune Cells (BASIC).9 These include

Peptostreptococcus anaerobius, Prevotella bivia and disiens, and three

species of Dialister. There is only partial overlap between these BASIC

species and bacteria found in the vagina. For instance, Prevotella spp.

are key BASIC species and are also important contributors to bacterial

vaginosis (BV), a condition which causes vaginal inflammation and

enhances HIV transmission risk.13–16 Other BV-associated bacteria

such as Gardnerella vaginalis are less frequent on the penis, although

they are found in aminority of men and have been linked to the vaginal

microbiome of a man’s sexual partner,17–20 but to our knowledge

they have not been linked with penile immune changes or increased

penile HIV susceptibility.21,22 Not all genital microbes enhance HIV

susceptibility, and some may play a protective role. Specifically, both

genital inflammation and HIV acquisition risk are decreased in the

context of an increased Lactobacillus spp. density in the vagina, and

of an increased Corynebacterium spp. density in the penile coronal

sulcus.23 Several prior studies have demonstrated that there may be

sharing of genital bacteria between female and male partners after

penile-vaginal sex,17–20,24,25 but the impact of these shared bacteria on

penile immunology and HIV susceptibility is unclear. Here we explore

associations between insertive penile-vaginal sex and the immune

milieu and microbiome of the coronal sulcus and distal urethra in a

cohort of uncircumcised Ugandanmen.

2 METHODS

2.1 Study enrollment and sexual behavior data
collection

The study protocol was reviewed and approved by the Research

and Ethics Board (REB) of the Uganda Virus Research Institute in

Entebbe (Uganda) and the Institutional Review Board at the Uni-

versity of Toronto (Canada), and all study participants gave written

informed consent. As previously described,10 study participants con-

sisted of uncircumcised Ugandan men over 18 years of age, without

genital symptoms, presenting to the Rakai Health Sciences Program

for voluntary medical male circumcision to reduce HIV risk. Molecu-

lar diagnostics for N. gonorrhoeae and C. trachomatis were performed

using first-void urine samples, with directed treatment provided as

needed according to Uganda National Guidelines. A social-behavioral

questionnairewas administered that included a detailed sexual history.

In addition to other socio-behavioral questions, participants indicated

whether they had ever engaged in penile-vaginal, oral or anal sex, and

if so, howmany days ago (if within the last week), howmanyweeks ago

(if within the lastmonth), howmanymonths ago (if within the last year)

or how many years ago (if longer than 1 year). For analysis purposes,

these answers were coded into a single variable indicating days since

last insertive penile-vaginal sex.

2.2 Sample collection and processing

Penile samples were collected from all participants, as follows. Sterile,

polyester-tipped swabs (Puritan Medical Products, ME, USA) pre-

moistened in phosphate-buffered saline (PBS) were used by the study

clinician to swab the inner foreskin. Nylon-flocked urethral swabs

(Hardy Diagnostics, CA, USA) were used to swab the distal urethra.

All swabs were collected by the same clinician, using a standardized

operating procedure. Swabs were placed into 500 μL of PBS and all

transferred to the laboratory on ice. Swabs were vigorously vortexed

for 60 s in the laboratory, prior to inverting the swab within the tube

and performing a quick spin to dry out the swab. Swabs were then dis-

carded and the eluants were pulse-vortexed before splitting into two

aliquots, each containing 250 μL, and frozen at−80◦C.

2.3 Multiplex chemiluminescent ELISA

Using a multiplex electro-chemiluminescence ELISA platform (Meso

Scale Discovery, Rockville, MD), levels of nine soluble immune

biomarkers were assayed, as previously described.10,13 Prototypic

 16000897, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aji.13801 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [16/04/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



DAY ET AL. 3 of 8

proinflammatory cytokines interleukin-1 alpha (IL-1α), and IL-1 beta

(IL-1β) were included in the biomarker panel, as well as chemoattrac-

tant chemokines IL-8 and macrophage inflammatory protein 1 beta

(MIP-1β), and finally, a biomarker of epithelial integrity/breakdown

(soluble E-cadherin; sEcad). The panel also included four other

exploratory analytes; resistin, an atypical proinflammatory biomarker,

the novel biomarkers tissue inhibitor of metalloproteases 1 (TIMP-1),

vascular endothelial growth factor (VEGF), and matrix metallopro-

teinase 9 (MMP-9). A standard curve was generated using serial

dilutionsof stock analyte fromthemanufacturer andwasused to calcu-

late analyte concentrations within each sample. To limit any potential

impact of plate-plate variation, all samples belonging to a given indi-

vidual were run on the same plate. A frozen control media aliquot was

included on each plate tomonitor inter-plate/run variability.

2.4 Bacterial community analysis

Using a combination of enzymatic and chemical lysis, DNA was

extracted from 80 μL of diluted swab eluent. At 37◦C and for 1 h,

each sample was treated with an enzymatic cocktail containing 122 μL
Tris-EDTA, 50 μL 10 mg/mL lysozyme (L6876-1G, Sigma-Aldrich), 4 μL
25 KU/mL mutanolysin (M4782-5KU, Sigma-Aldrich), and 3 μL 4 U/μL
lysostaphin (SAE0091-2MG, Sigma-Aldrich) followed by extraction

usingMagMaxDNAMulti-SampleUltra 2.0 Kit (including ProteinaseK

treatment) with 80 μL final elution volume. Penile bacterial communi-

ties were assessed using 16S rRNA gene-based broad-range real-time

PCR and sequencing. A modified protocol from Fadrosh26 with for-

ward (341F) and reverse (786R) primers from Liu27 was used to

perform the sequencing analysis. Using MiSeq Reagent Kit v3 (600

cycle), sequencing was performed on MiSeq platform. Using cutadapt

v2.4, primer sequences were removed during processing, and Trim-

momatic v0.39 was used to quality trim the resultant sequences. For

reads-filtering, chimera check, and inferred error models to identify

amplicon sequence variants (ASVs), DADA2 v1.10 modules were used.

The Naïve Bayesian Classifier (v.2.12) was used to classify the ASVs at

each taxonomic level at 80% bootstrap confidence level. To generate

an abundance matrix for analysis, classification results for each sam-

plewere enumerated. Additional details can be found at https://github.

com/araclab/mb_analysis. Absolute abundances were calculated as:

Taxon absolute abundance/swab = Total bacterial load/swab (total

16S rRNA copies per swab) × proportional taxon abundance (number

of sequences assigned to that taxon, divided by the total 16S rRNA

sequences for the sample). SRA project number PRJNA738496 can

be used to access sequence data for this study. Each amplicon PCR

plate included no template control (NTC) and positive template con-

trols (PTC) which were analyzed to assess cross-contamination during

PCR and verify PCR performance.

2.5 Statistical analysis

Analysis was performed using SPSS version 28.0.0.0 (Armonk, New

York, USA). Immune parameters and bacterial density were compared

between groups using an unpaired t-test where variances were equal,

and a Welch’s t-test where equal variances could not be assumed.

Immune and microbial correlations were assessed by Pearson regres-

sion, using log10 transformed cytokine and bacterial density data.

Categorical variables were compared between groups using Chi-

squared test with calculation of the Likelihood Ratio (LR). Analyses

werevisualizedusingGraphPadPrismversion9 (La Jolla, CA,US). Since

coronal sulcus levels of IL-8 were the strongest immune predictor of

HIV acquisition in a prospective cohort uncircumcised Ugandan men,6

our co-primary immuneendpointswerepredefined tobe the level of IL-

8 in each of the coronal sulcus and urethra. Levels of the 8 other soluble

immune factors were considered as exploratory secondary endpoints.

3 RESULTS

3.1 Participant demographics

The study enrolled n = 47 uncircumcised male participants with

penile swabs available for microbiome and immune analysis. The mean

age of participants was 22 years (range 18−36 years). Five partici-

pants (10.6%) self-reported never having had vaginal intercourse; the

remainder (n = 42; 89.4%) reported prior insertive vaginal sex with

a wide range of lifetime partner numbers (1–40, mean = 7). Informa-

tion was also collected regarding prior oral and anal sex, which were

much less common. Overall 3/47 (6%) participants reported prior oral

sex, and 1/47 (2%) reported prior anal sex; no participant who had

not had vaginal sex reported either prior oral or anal sex. The median

time from the last vaginal sex was 60 days (range, 1−4380 days). Most

participants (94%) reported regular retraction of the foreskin during

washing, and a small minority (4%) reported antibiotic exposure dur-

ing the preceding 3 months. Two participants (4%) tested positive for

C. trachomatis and were provided with treatment according to Uganda

National Guidelines.

3.2 Impact of prior vaginal sex on penile
immunology

We first assessed the impact of prior vaginal sex on penile immune

parameters. In the coronal sulcus, males who reported prior insertive

vaginal sex demonstrated higher levels of our primary endpoint IL-8

(1.78 vs. 0.81 log10 pg/mL in those reporting no prior sex; p = .021);

in addition, there were increased coronal sulcus levels of secondary

analytes IL-1β (1.16 vs. 0.317 log10 pg/mL; p = .011), sEcad (4.22 vs.

3.32 log10 pg/mL; p = .008) (Figure 1A–C), and resistin (2.25 vs. 1.24

log10 pg/mL; p = .017). Similarly, in the urethra of men reporting prior

insertive vaginal sex there were higher levels of our primary endpoint

IL-8 (2.93 vs. 2.30 log10 pg/mL; p = .003); in addition there were

higher levels of secondary analytes IL-1β (0.77 vs. −0.24 log10 pg/mL;

p < .001), IL-1α (1.74 vs. 1.02 log10 pg/mL; p < .001), MIP-1β (1.16 vs.

0.40 log10 pg/mL; p = .002), MMP-9 (4.40 vs. 3.79 log10 pg/mL;

p = .036) and resistin (3.27 vs. 3.63 log10 pg/mL; p = .011), although

there were no differences in urethral sEcad levels (Figure 1D–F).

 16000897, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aji.13801 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [16/04/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://github.com/araclab/mb_analysis
https://github.com/araclab/mb_analysis


4 of 8 DAY ET AL.

F IGURE 1 Prior vaginal sex and penile immune parameters in the coronal sulcus and urethra. Log10 transformed levels of IL-8, IL-1β, and
soluble E-cadherin in the coronal sulcus (A–C) and urethra (D–F) were compared between study participants reporting ever or never having had
vaginal intercourse.

The penile immune changes associatedwith prior penile-vaginal sex

remained essentially unchanged if the two participants testing pos-

itive for urethral C. trachmatis infection were excluded. Specifically,

males who reported prior insertive vaginal sex demonstrated higher

levels of coronal sulcus IL-8, IL-1β, sEcad and resistin (p = .034, .023,

.041, and .17, respectively), and higher urethral levels of IL-8, IL-1α, IL-
1β, MIP-1β, MMP-9 and resistin (p = .003, <.001, <.001, .002, <.001,

and .011, respectively). All immune differences associated with prior

vaginal sex were also significant (Mann-Whitney p < .05) when a

nonparametric analysis approach was taken, both with and without

inclusion of the two participants with C. trachomatis infection (data not

shown).

3.3 Impact of prior vaginal sex on penile
microbiology

Prior analysis in this cohort had demonstrated strong associations

between penile immune parameters and genital bacteria,10 and there-

fore we assessed the association of prior vaginal sex with penile

bacteria. In the coronal sulcus, lower levels of Corynebacterium were

found in men who reported prior insertive vaginal sex (4.50 vs. 6.35

log10 bacteria/swab in those reporting no prior sex; p< .001; Figure 2)

and there were higher levels of Gardnerella vaginalis (0.94 vs. 0.00

log10 bacteria/swab respectively; p = .005). Gardnerella vaginalis was

only detected in the coronal sulcus of men who were also colonized

in the urethra (8/18 men with urethral colonization vs. 0/29 without;

p < .001). In the urethra, higher levels of Gardnerella vaginalis were

found in men who reported prior insertive vaginal sex (2.31 vs. 0.00

log10 bacteria/swab; p < .001; Figure 2), and no Gardnerella vaginalis

was detected in the urethra of men who reported never having had

vaginal sex (0/5 men reporting no prior sex vs. 18/42 reporting prior

sex; LR= 5.2, p= .023). The bacterial species Prevotella bivia, which has

been previously associated with penile inflammation and HIV acquisi-

tion, was common in the coronal sulcus and urethra of all men, with

no differences based on prior vaginal sex. Prior vaginal sex was not

associatedwith differences in the total bacterial load (calculated based

on 16S qPCR) in either the coronal sulcus (7.35 vs. 7.37 log10 16S

copies/swab; p= .966) or urethra (6.29 vs. 6.04 log10 16S copies/swab;

p= .718).

Associationsof IL-8 and sEcad levelswith several bacteria havebeen

previously reported in this cohort, in both the urethra and coronal

sulcus,10 but those analyses were specifically focused on the genera

Prevotella,Dialister,Corynebacterium, and Staphylococcus that have been

linked with differences in HIV acquisition risk. Given the association of

prior vaginal sex withGardnerella, penile immune associations with this

genus were now examined (Figure 2). In the urethra there were strong

positive correlations between the absolute abundance of Gardnerella

vaginalis and concentration of the cytokines IL-8 (r = 0.556; p < .001),

IL-1α (r = 0.573; p < .001), and IL-1β (r = 0.520; p < .001); these ure-

thral immune associations all remained independently and strongly

significant (p ≤ .003) in logistic regression models that incorporated

the density of Prevotella, Dialister, Corynebacterium, and Staphylococ-

cus (Table 1). No associations were seen with urethral sEcad levels. In

the coronal sulcus, Gardnerella density was positively correlated with

levels of IL-1α (r= 0.36, p= .014); this associationwas lost inmultivari-

able analysis, and no associations were seen with other coronal sulcus

immune parameters (Table 1).
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F IGURE 2 PenileGardnerella vaginalis abundance is strongly associated with prior vaginal sex and immune parameters in the penile urethra.
Log10 transformed levels of Corynebacterium (A) andGardnerella vaginalis (B,C) were compared between study participants reporting ever or never
having had vaginal intercourse. Associations are also shown between log10 transformed levels of urethral IL-8, IL-1α, and IL-1β and log10
transformed levels of urethralGardnerella vaginalis (D–F).

3.4 Time from sex and penile immune parameters

Given the penile immune and bacterial associations of ever having had

vaginal sex, we next examined whether these parameters were asso-

ciated with the time from last vaginal sex, limiting analysis to the 42

participants who reported prior sexual debut (Figure 3). A longer time

since last vaginal sex was associated with reduced urethral levels of IL-

8 (r=−0.436;p= .004) and IL-1α (r=−0.402;p= .009).Noassociations

were seen with urethral levels of sEcad (p > .05), and immune parame-

ters in the coronal sulcus were not correlated with time from the last

sex (all p> .05).

4 DISCUSSION

The penis is the tissue site of most HIV acquisition among uncir-

cumcised men in sub-Saharan Africa, with virus acquisition occurring

during/after penile-vaginal sex.7 Since the composition of bacterial

communities on the penis is a critical determinant of local immunol-

ogy and HIV susceptibility, our goal in this cross-sectional study was

to assess the relationship between prior penile-vaginal sex and the

penile immune/microbial correlates of HIV susceptibility. Our findings

suggest that insertive penile-vaginal sex may cause sustained changes

in the penile microbiome. Specifically, we demonstrate that a history
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TABLE 1 Association ofGardnerella vaginalis absolute abundance with immune parameters in the urethra and coronal sulcus.

Immune

parameter

Crude correlation

(Pearson r) p-value

Multivariable

correlationa

(t-value) p-value

Urethral

[G. vaginalis]
IL-8 0.556 <.001 3.650 <.001

IL-1α 0.573 <.001 3.697 <.001

IL-1β 0.520 <.001 3.65 .003

sE cadherin 0.006 .968 −0.374 .711

Coronal sulcus

[G. vaginalis]
IL-8 0.169 .266 0.729 .471

IL-1α 0.321 .032 1.620 .113

IL-1β 0.139 .363 0.923 .362

sE cadherin 0.084 .581 0.551 .584

aLinear regressionmodel incorporated the absolute abundance ofGardnerella vaginalis, Prevotella spp,Dialister spp, corynebacteria and staphylococci.

F IGURE 3 The impact of time from vaginal sex on penile immune
parameters. Associations show between time from sex (in participants
who reported prior sexual debut) and log10 transformed levels of
urethral IL-8 and IL-1α (A,B).

of prior vaginal sex was associated with increased pro-inflammatory

cytokines/chemokines in both theurethra and coronal sulcus, aswell as

with enrichment ofG. vaginalis and a reduced abundance of Corynebac-

terium spp. In addition, a shorter time from sex was associated with

increased urethral (but not CS) levels of inflammatory cytokines. These

preliminary findings strongly suggest that penile-vaginal sex causes

sustained changes in the penile microbiome that induce inflammation,

and that would be expected to enhance penile HIV susceptibility.

We observed a higher abundance of Corynebacterium spp. on the

CS of males who reported never having had penile-vaginal sex. An

increased abundance of penile Corynebacterium has been correlated

with reduced levels of IL-8 in the coronal sulcus,10 and men with the

highest abundance of Corynebacterium in the coronal sulcus were less

likely to acquireHIV.23 Corynebacteriawere common inmenwhowere

sexually active, despite the reduced absolute abundance of this genus.

The reason for this reducedabundance is unclear, although it is possible

that Corynebacteriummay be displaced by new, competing bacteria.

Interestingly, the BV-associated bacterial species Gardnerella vagi-

naliswas only found in the urethra (and less commonly the CS) of men

who reported prior insertive vaginal sex, and we demonstrate for the

first time that the absolute abundance of Gardnerella vaginalis in the

penile urethra was strongly and independently correlated with ele-

vated levels of IL-8, IL-1α and IL-1β. This suggests that Gardnerella

vaginalis may not be native to the penile microbiome but that acquisi-

tion occurs from a female partner after vaginal sex debut and causes

urethral inflammation, and is in keeping with previous studies that

have linked the coronal sulcus microbiome with the cervico-vaginal

microbiome of a man’s female partner,17,18 although these studies did

not assess the urethral microbiome. While, to our knowledge, a link

between urethral inflammation and HIV acquisition risk has not yet

beenexplored in observational studies, if inflammation at this sitewere

toenhancepenileHIV susceptibility then thiswouldprovide a rationale

for the previously described association between BV in women living

with HIV and viral transmission to their male partners.28

Our study was not appropriately powered to perform a detailed

analysis of the microbiome associations of prior vaginal sex, and

instead focused on the presence/abundance of Gardnerella vaginalis,

the prototypic bacterial species associated with the development of
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bacterial vaginosis (BV).29 However, the recent study fromToh and col-

leagues analyzed the penile urethra microbiome in relation to the time

fromvaginal intercourse, and found that several bacterial species asso-

ciated with BV were only present only in the urethra of men reporting

recent vaginal intercourse.19 Likewise, earlier work from Zozoya et al.

demonstrated that in heterosexual couples where the female part-

ner has BV, there is greater similarity between the vaginal microbiota

and that of the male partner’s penile skin and urethra, suggesting

the frequent sexual exchange of BV-associated bacteria,20 although

others have also found BV-associated bacteria in the urethra of ado-

lescents reporting no prior sexual experience.30 Our findings build on

this important prior work, demonstrating that the exchange of specific

BV-associated bacteria (Gardnerella vaginalis) may cause significant

inflammation, which is in keeping prior observations that G. vaginalis in

a female partner was associatedwithmore frequent leukocytospermia

in the semen of her male partner,24 and that other BV-associated bac-

teria in the male urethra may cause clinical urethritis.25 We opted to

focus our immune analyses on the absolute (rather than relative) abun-

dance of G. vaginalis since this has recently been demonstrated to be

more strongly predictive of changes in vaginal immunology after the

treatment of BV.13

There are a number of limitations to this pilot study. Our sample

size was limited, with only five men reporting no prior vaginal, oral

or anal sex. However, the significant associations demonstrated with

penile immunology suggest a strong biologic effect that was appar-

ent not just for our co-primary endpoints of IL-8 levels in the coronal

sulcus and urethra, but was also seen across 3/8 exploratory immune

endpoints in the coronal sulcus and 5/8 exploratory immune endpoints

in the urethra. Other factors beyond vaginal sex may alter the penile

microbiome, including antibiotics and genital hygiene practices.7 Only

two men reported recent antibiotics in our study, and all but two

reported regularly retracting the foreskin to wash the coronal sulcus.

While our conclusions remained broadly unchanged if these partici-

pants were excluded (data not shown), it is possible that our results

were affected by unmeasured behavioral or biological confounders.

A longitudinal study with repeated penile sampling from the same

participant before/after sexual debut, or before/after an episode of

sex, would enable a formal assessment of their impact, with subse-

quent statistical controlling as needed. Furthermore, as this was a

relatively small cross-sectional study, wewere not able to demonstrate

the direction of causality in the associations demonstrated between

the penile microbiome and immunology, or to assess their association

with actual HIV acquisition. However, we found significant and sus-

tained differences in penile microbial and immune parameters based

on the self-report of prior vaginal sex; these have been linked with HIV

acquisition in prospective human studies, strongly suggesting that the

exchange of microbiome components during vaginal-penile sex can be

sustained and can alter HIV susceptibility. Finally, most men did not

report very recent penile-vaginal sex, and so whether insertive vagi-

nal sex leads to even more dramatic short-term microbiome and/or

immune changes on the penis, as has been demonstrated in recent lon-

gitudinal studies,31 could not be assessed but would be an interesting

area for future research.

In summary, we demonstrate that prior insertive vaginal sex is

strongly associated with both the immunology and microbiome of the

penis,withdifferencesmost pronounced in theurethra andparticularly

correlated with the presence and absolute abundance of G. vaginalis. It

will be important to confirm these cross-sectional findings in prospec-

tive studies, which would be better able to characterize the impact of

sexual debut and sexual intercourse itself on the penile microbiome

and immunology.
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