
Male Genital Tract Microbiota: 
Insights into HIV Acquisition

Aaron Tobian, M.D., Ph.D.

Professor of Pathology, Medicine and Epidemiology

Johns Hopkins University



Male Circumcision

Circumcision 
reduces HIV-1 
acquisition by 60%

Still don’t really 
understand how



Hypothesis

• BV in women  Genital anaerobes = HIV susceptibility
• Mediated by inflammation?
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Presentation Notes
Circumcision increases oxygen exposure,  eliminating anaerobic bacteria, thereby reducing penile immune activationBV has been a known risk factor for HIV acquisition (and transmission) in women for a long timeMucosal inflammation:Disrupt epithelial integrityIncrease number of susceptible cellsCCR5+/CD4+ number determinant of mucosal SIV infectionSelective recruitment of highly susceptible subsets: Th17 cellsDC maturation statusInner foreskin:More CD4 T cells/mm2CD4 T and DCs more responsive to immune stimuli



Methods 
• Swab samples of coronal sulcus (microbiome, soluble immune 

markers)
• Foreskin tissue collection (model for mucosal immune responses)
• Microbiome

– 16S rRNA gene-based quantitative PCR and pyrosequencing

• Soluble chemokines
– Multiplexed ELISA (MesoScale Discovery) 

Presenter
Presentation Notes
Sample processing. We processed samples from each participant in the same batch to control for interrun variation. For each sample, we lysed 100 µl of eluted transport medium using enzyme-free chemical and mechanical lysis. We purified the lysate using a Qiagen AllPrep DNA/RNA minikit (Qiagen, Valencia, CA) and performed DNA elution using 100 µl of buffer EB. Additional methodological details can be found in Text S1 in the supplemental material.Primers targeting conservative regions of the rDNAs are used to generate amplicons of variant regions that are informative in taxonomic assignment. A bacterial TaqMan® qPCR assay targeting a 466 bp region in V3-V4 was designed. Coverage analysis showed that 91% of the phyla, 96% of the genera, and >80% of the 89,537 species analyzed contained at least one perfect sequence match to the BactQuant assay. 



Liu mBIO 2013

Circumcision reduces prevalence and load 
of penile anaerobic bacteria

• MC decreased total bacterial load

• MC decreased microbiota diversity
– Slight increase in aerobic taxa
– Prevalence and absolute abundance of 12 bacterial taxa significantly decreased

Presenter
Presentation Notes
Coronal Sulcus microbiota-EN and Year 116s rRNA gene based quantitative PRC and pyrosequencingMC decreases total bacterial load when comparing Y1 to ENMC decreases microbiota diversity---decreased 12 anaerobes---slight increase in aerobic bacterial taxa
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Circumcision decreases penile IL-8

Prodger 2016 Plos Path 

Controls Circumcised

% 
Detectable

IL-8 59.4
MIG 25.0
GM-CSF 6.7
MCP-1 6.7
MIP3α 5.0
IL-1a 3.9
RANTES 2.8

Presenter
Presentation Notes
For other cytokines, point estimates comparing detectability in men who were circ vs. uncirc all show decrease, but only MCP-1 and IL1a are significant and only at month 6 (MIG and IL1a, and a bit MCP-1, come back up by year 2). 



Testing our hypothesis:

• Nested case-control study of seroconverters:
– 60 seroconverters, 120 control (all uncircumcised)
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Presentation Notes
Circumcision increases oxygen exposure,  eliminating anaerobic bacteria, thereby reducing penile immune activationBV has been a known risk factor for HIV acquisition (and transmission) in women for a long time



Higher absolute 
abundance of 

anaerobic bacteria 
associated with 
seroconversion

Liu 2017 mBio• Remains significant after controlling for STIs and other demographics 

Presenter
Presentation Notes
Focused on 10 genera most reduced by circumcision = 62% of total penile bacterial load.Fig 1. Relationship between absolute abundances of anaerobic bacteria and risk of HIV seroconversion in the case-control study. At study baseline, each 10-fold increase in the absolute abundance (measured in log10-transformed 16S rRNA gene copies per swab) of anaerobic bacteria Prevotella, Dialister, Finegoldia, Peptoniphilus, and Peptostreptococcus (95% confidence interval of unadjusted odds ratio shown as shaded purple bar) increased the odds of HIV infection. The risk for seroconversion further increased after adjustment for age, marital status, number of extramarital sexual partners, condom use, and genital discharge symptoms. Under the name of each genus, the adjusted odds ratio and 95% confidence interval are listed and also shown graphically as a whisker plot. Detailed results can be found in Table S2.At study baseline, each 10-fold increase in the absolute abundance (measured in log10-transformed 16S rRNA gene copies per swab) of anaerobic bacteria increased the odds of HIV infection with Prevotella, Dialister, Finegoldia, Peptoniphilus, and Peptostreptococcus. Adjusted (whisker plot):  age, marital status, number of extramarital sexual partners, condom use, and genital discharge symptoms.



Cytokines associated with seroconversion
Detectable 
Cytokine

Controls
n=120

Seroconverters
N=60 OR (95% CI) aOR (95% CI)

IL-8 63 (52.5%) 44 (73.3%) 2.52 (1.28, 4.99) 2.26 (1.04, 6.40)

MIG 23 (19.7%) 22 (36.7%) 2.49 (1.23, 5.03) 2.72 (1.15, 8.06)

GM-CSF 5 (4.2%) 7 (11.7%) 3.02 (0.92, 9.91)

MCP-1 6 (5.0%) 6 (10.0%) 2.10 (0.65, 6.79)

MIP3α 4 (3.3%) 5 (8.3%) 2.61(0.68, 10.06)

IL-1a 4 (3.3%) 3 (5.0%) 1.53 (0.33, 7.16)

RANTES 3 (2.5%) 2 (3.3%) 1.35 (0.22, 8.30)

Prodger 2016 Plos Path 

A Adjusted for STI diagnostics (syphilis and HSV-2), and all variables associated with either seroconversion, IL-8 or MIG 
(occupation, marital status, multiple sex partners, condom use, alcohol use, STI symptoms)



Detectable
Cytokines

Controls
n=120

Seroconverters
N=60 OR (95% CI) aOR (95% CI)

0 55 (45.8%) 14 (23.3%) REF REF

1 42 (35.0%) 25 (41.7%) 2.34 (1.09, 5.03) 2.56 (0.93, 7.70)

2+ 23 (19.2%) 21 (35.0%) 3.78 (1.61, 8.90) 3.30 (1.21, 12.50)

A Adjusted for STI diagnostics (syphilis and HSV-2), and all variables associated with either seroconversion, IL-8 or MIG (occupation, marital status, multiple sex partners, 
condom use, alcohol use, STI symptoms).

Cytokines associated with seroconversion

Prodger 2016 Plos Path 



Anaerobes and IL-8

Absolute Abundance (log10) Liu 2017 mBio
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Presenter
Presentation Notes
Anaerobes also associated with prevalence of other chemokinesRelationship between absolute abundance of penile anaerobes and concentration of interleukin-8 (IL-8) in the case-control study. The relationship between anaerobe abundance, measured in 16S rRNA gene copies per swab (log10) and IL-8 concentration, measured in pg/ml (log10) is similar between men who seroconverted (cases, shown as red circles) and men who remained HIV negative (controls, shown as gray circles). Lines describe best-fit models based on AIC selection, which supported spline functions for all except two anaerobic bacteria. Significant relationships (p < 0.05) are shown in solid red line, and non-significant relationships are shown in solid black line. The polynomial spline models are shown in dashed black line. Under the name of each genus, c  represents the breakpoint used in the piecewise spline model and pre- and post-c slopes - the slope before and after c, respectively; slopes that are significant different from zero are marked with * (p < 0.05) or ** (p < 0.01). Threshold effect, but above density threshold—penile anaerobes correlates with IL-8---IL-8 increases neurophils and TH-17 helper T-cells---also see increase IL-1a, MCP-1, MIG, MIP3a, and rantes



IL-8 and MIG Associated with 
Increased Neutrophils in Foreskin

CD15+ neutrophils in the foreskin highlighted in green by immunofluorescence
Prodger 2016 Plos Path 

Presenter
Presentation Notes
IL-8 and MIG—chemoattractant cytokine with recruitment of immune cells Eval correlation of prepuce cytokines and density of HIV susceptibale immune cellsIncrease in CD4 and CD8.  Preferential HIV target cellsSimilar correlations with MIGSimilar trends seen with MIG on CD4+ and CD8+ Cells



Anaerobe species correlate with HIV target cells
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Summary
• Male circumcision reduces penile anaerobes & IL-8
• Increased penile cytokines are associated with subsequent 

HIV seroconversion
• Penile anaerobes associated with increased penile IL-8 

levels
• IL-8 associated with increased density of foreskin CCR5+ 

CD4 T cells  and neutrophils in the foreskin
• Circumcision may protect against HIV by reducing local 

immune activation through the elimination of key 
anaerobes



Conclusions and Future Directions
• The foreskin provides a unique opportunity to understand 

mucosal immunology and HIV acquisition.
• Further understanding of penile inflammation is needed to 

develop novel mechanisms to reduce HIV acquisition and 
transmission.
– Using discovery-based analysis, evaluating what penile bacterial 

species associated with seroconversion
– Assessing whether reproductive maturation and sexual debut in 

adolescent boys leads to changes in the penile microbiome that 
affects the genital immunological milieu and risk of acquiring HIV
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