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Efficacy of Oral and Vaginal TFV-Based PrEP is 
Variable; Especially in Women



Variable and Modest Efficacy of Dapivirine Ring

IPM 027 MTN 020 HOPE

Enrollment 1959 women
18-45 years
1300 active arm

2629 women
18-45 years
1325 active arm

1456 women from MTN020 
Open-label

Results 31% [1-51] effective 27% [1-46] 39% estimated protection 
(35 infections)

HIV incidence 4.1% active; 6.1% placebo 3.3% active; 4.5% placebo 2.7% [1.9-3.8] vs 4.4 [3.2-5.8]



STI/HIV 
Risk

Behavior
Adherence

Factors that may impact PrEP efficacy

Drug 
PK/PD

Microbiota
Semen

Hormones
STI

“Inflammatory state”



Mechanisms of drug transport into and out of target 
cells

Drug Tenofovir
(TFV)

TFV disoproxil fumarate 
(TDF)

TFV alafenamide 
(TAF)

Dapivirine
(DPV)

Structure

IC50 (µM) 2.5 0.1 0.05 0.002

Transport 
mechanism

Source

Endocytosis

ATP-dependent
non-saturable

Taneva et al., AAC, 2015

Passive diffusion

ATP-independent
saturable

Carboxylesterase-1 rate-
limiting

Taneva et al., AAC, 2015

Passive diffusion

ATP-independent
saturable

Cathepsin A rate-limiting

Energy dependency
Saturability
Enzymes

Taneva et al., (in prep)

Passive diffusion ?

Unknown uptake/efflux
mechanisms

Metabolized by 
CYP4503A4/5 

To et al., BiochemPharmacol, 2015

TFV entry into FGT epithelial and immune cells by endocytosis reflects limited expression of organic 
anion transports (Taneva, AAC 2015)



Complexities of Drug PK
Mechanism of intracellular activation 

of TAF

Gabriel Birkus et al. Antimicrob. Agents Chemother. 2016; doi:10.1128/AAC.01834-15



Drugs released into complex environment that may 
modulate drug PK and Efficacy



Hypothesis: Vaginal Microbiota Differ Across Populations and 
Impact PK/PD by the following mechanisms:



Hypothesis: Vaginal Microbiota Differ Across Populations 
and Modulate PK



Bronx and Thika Women Treated for BV

Serebrenik Sultan1, Wang2, Hunte1, Srinivasan3, …Keller, Herold, in review



pH Modulates Intracellular (T cell) drug levels

Taneva et al, JCI Insight, 2018, Jul 12;3(13).



bacteria in 
liquid culture

bacterial suspension
at OD=4 for uptake assay

radiolabeled drugs 
added for 2 h

cell-associated radioactivity

extracellular radioactivity
2X washes

L. crispatus actively transports and phosphorylates TFV 



Dapivirine is “Sticky”
Adheres to Live or Heat-Killed Bacteria



Translates into decreased antiviral activity 

Similar effects on drug bioavailability with 
fresh vaginal swabs
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G. vaginalis and other bacteria secrete adenine which blocks TFV 
Endocytosis; A. vaginae consumes adenine



Adenine (and bacterial culture supernatants) shift the TFV 
Antiviral Dose Response Curve

Adenine levels Broth: 66 μM
G. vag sups 246 μM
A vag sups  9.5 μM
L. crispatus 281 μM



Putting it all together
Microbiome modulates drug PK/PD through multiple mechanisms
• Tenofovir transport (endocytosis) is reduced at higher pH
• Bacteria bind indiscriminantly to dapvirine
• TFV is actively transported and phosphorylated by bacteria (L. crispatus) 

which may then serve as a drug reservoir
• G. vaginalis (and others) release adenine which inhibits endocytosis thus 

reducing TFV bioavailability
• Strong adherence and optimized drug release overcome the effects of 

microbiome (and semen) on drug PK/D



Implications and future directions
• Preclinical and early clinical studies should assess impact of microbiota, pH 

and mucosal molecules on drug PK/PD within the genital tract 
• Ongoing studies suggest little effect of vaginal microbiota on rilpivirine (NNRTI) and 

dolutegravir (integrase inhibitor) PK
• The impact of vaginal microbiota on systemically delivered HIV PrEP not 

well studied
• May be more limited as the site of protection is likely peripheral blood/lymph 

nodes and not within the female genital tract
• Microbiome and mucosal immune environment also modulate risk of HIV 

acquisition/transmission 
• Higher rates of HIV acquisition/transmission with BV

• Protection is a balance between viral inoculum and drug PK/PD
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