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ABSTRACT

Background: We evaluated the association of inflation and dysbosis on cervicovaginal fluid
(CVF) tenofovir (TFV) concentrations in women tafiaral tenofovir disoproxil

fumarate/emtricitable (TDF/FTC) for HIV pre-exposyrophylaxis in the United States.

Setting: Thirty-five women in a HIV PrEP implemetida study attended their week 24 visit at a

San Diego research clinic and provided CVF specemen

Methods: Women in the Adherence Enhancement Guigléddividualized Texting and Drug
Levels (AEGIS) study had their CVF specimens euvaldidor (i) sexually transmitted bacterial
(Neisseria gonorrhoeae, Chlamydia trachomatis, Gardnerella andTrichomonas vaginalis), viral
(HPV, CMV and HSV-1/2) and fungaCéndida) infections; (ii) microbiome composition by
16S sequencing (V3-V4 region); and (iii) cytokinefdes by ELISA (IL-8, MIP-1a, MIP-1b
and IP-10). Univariate statistical analysis wasdusedetermine factors associated with CVF
TFV concentrations. CVE TFV of 100-1000 ng/mL bemeinked typical genital concentrations
and tenofovir diphosphate (TFV-DP) in dried blopdts (DBS) of 700 fmol/punch was

considered adequate adherence.

Results: Thirty-five women had CVF specimens cedldcNo factor was associated with CVF
TFV concentrations or discordance of blood andnagioncentrations. Among 27 participants
assessed for vaginosiSgndida, Gardnerella or Trichomonas), women withGardnerella (n=11)
were more likely to have high (>1000 ng/mL) CVF TEdhcentrations (82% versus 33%,

p=0.02).



Conclusions: Presence of genital viruses, cytokaresginal community state types were not
associated with low CVF TFV concentrations in cretgr women taking oral TDF/FTC for pre-
exposure prophylaxis. The surprising associatisenled between presenceGardnerella and

higher vaginal TFV concentrations needs furthetuataon.
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INTRODUCTION

Daily oral pre-exposure prophylaxis (PrEP) withavir disoproxil fumarate/emtricitabine
(TDF/FTC) is safe and effective for reducing thekrof HIV infection in clinical trials of
heterosexual men and men who have sex with men (M3 linical trials of oral PrEP in
cisgender women have had mixed results with soutéest demonstrating efficaéy and others
finding no efficacy’® Nevertheless, TDF/FTC is considered effective amen to lower HIV
acquisition but drug concentrations at the vaginatosa are lower than at the rectal muéosa.
What biologic factors [e.g., inflammation from sally transmitted infections (STIs) or
alterations in the vaginal microbiota, etc.] at Yaginal mucosa may alter tenofovir (TFV)

concentrations have not been fully explored.

Genital inflammation as evidenced by higher gerutadcentrations of cytokines MIR:1IMIP-
1B, IL-8 and IP-10 was associated with increasedafdklV acquisition in women in the Centre
for the AIDS Programme of Research in South Af(€@APRISA) tenofovir gel trial.In this

study, there was no identifiable cause of elevgtdtal cytokine concentrations despite



extensive investigation of many potential factans|luding STIs. Other studies suggest that

inflammation may impact intracellular TFV concetiwas?

One cause of inflammation could be related to chamg the microbial environments of the
vagina. ALactobacillus-dominant microbiome is characterized as haviagjobacillus-species
as the main bacteria with overall lower bacterigetsity and consequent low pHHigher
diversity, as observed clinically in bacterial vaggis (BV), represents an unhealthy microbiome
and is associated with increased HIV ri%k} Vaginal dysbiosis with nohactobacillus
dominant bacteria may decrease TFV concentratieanvithis given as a topical gel, and could
undermine the efficacy of TFV gel to protect wonfiem HIV.***3With tenofovir gels,
Gardnerella-dominated vaginal communities were associated litter TFV concentratioff
Oral TDF/FTC was not different among women with @lomal versus normal vaginal
microbiotal* however, tenofovir concentration were not measscei is unknown if there was
any impact of microbiota on mucosal drug conceiumatven if there was no effect on HIV
incidence. Thus, the aim of this study was to aeiiee whether certain biologic factors
including genital inflammation, infections and clgas in the vaginal microbiota could lower

cervicovaginal fluid (CVF) TFV concentration.

METHODS

Study Cohort:

Adherence Enhancement Guided by Individualized ilgxnd Drug Levels (AEGIS) was a 48-

week PrEP demonstration project in cisgender wa>1&8 years old at-risk for HIV conducted



at five Southern California sites. Adherence wampsuted using two-way text messaging
(Individualized Texting for Adherence Behavior; iBAand titrated adherence counseling based
on rapid-turnaround tenofovir diphosphate (TFV-BBhcentrations. Study visits occurred at
baseline, week 4, week 12 and then quarterly througek 48. Demographics were collected
with computer surveys. Adherence was assessedantitying TFV-DP concentrations in dried
blood spots (DBS). This sub-study included womemfthe AEGIS study who agreed to the
collection of additional vaginal swabs and CVF spens located at the University of

California, San Diego (UCSD) study site. Specim&gse collected by research staff from
women who reported taking their oral TDF/FTC aiithesek 24 study visit. IRB approval for

the study was obtained from the UCSD Human Resdmatection Program.

Measures

Sexually transmitted bacterial infectioridofiorrhea andChlamydia) were assessed by nucleic
acid amplifications using Hologic Aptima Combo2fpemed at the Long Beach Public Health
Lab. A vaginitis panelGandida, Gardnerella andTrichomonas) using the BD Affirm VPIIl was
performed at the UCSD CALM lab. HPV subtypes 16 A8dvere assessed using the Roche
HPV High Risk Genotypes Nucleic Acid Test (UCSD QWlab). Herpesviruses 1, 2 and 5
(Herpes simplex virus 1 and 2, cytomegalovirus) Dieyels were measured by RT-PCR as
previously describetf

For microbiome and cytokine analysis, a Catchall Afeckel swab were collected, respectively.
To measure cytokines from cervicovaginal swabspsweere first extracted in 1 mL of PBS.
Next, total protein was measured by bicinchonimid assay (Sigma Aldrich, St. Louis, MO);

then levels for MIP& and MIPPB [R&D Systems, Minneapolis, MN], and IL-8 and IP10



[Biolegend, San Diego, CA] were measured by ELISKofving manufacturer instructions.
Microbiome profiles were determined by soaking wagjswabs in Qiagen lysis buffer using the
blood and tissue DNA isolation kits. Bacteria wigtsed in this buffer with bead beating for 5
minutes. The recovered genomic DNAs were used fdignthe V3-V4 region of 16S rRNA

and sequenced using the Mi-Seq instrument as Besi¢fivVaginal microbiota types were
divided in community state types (CST) 1-5 basegraominance of particul&eactobacillus
species representing dominant taka.

CVF was collected by a standardized protocol vgarasor from the posterior fornix. TFV was
quantified in CVF using validated HPLC-MS/MS methdtiSamples were diluted in 0.9%
sodium chloride and TFV was extracted by protegcipitation with stable isotopically-labeled
internal standard'{Cs-tenofovir). Calibration standards and QCs wergared in human CVF
diluted in a 1:4 ratio with 0.9% sodium chloridedamet 15% precision and accuracy acceptance
criteria. Concentrations were normalized to theusa@@ of specimen extracted by calculating the
mass of CVF collected based on pre- and post-wegfithe specimen collection tubes, and
assuming the density of CVF was 1g/mL. The caldddinear range of the assay was 2 - 5000
ng/mL. Levels of serum estradiol at week 24 werasneed using the Estradiol ELISA kit (Ref

EIA-2693, DRG International, Inc.) following manetarers’ protocols.

Statistical Analysis:

Descriptive baseline analyses were performed toriesthe study participants that consented
for the collection of vaginal swabs and cervicajinal fluid collection. Univariate statistical
analysis was used to determine factors associdatadow and high CVF TFV. CVF TFV

concentrations >1000 ng/mL were considered to Igh"Hexpected target in CVF of



100ng/mL)*® Discordant CVF and DBS concentrations was defase@VF TFV <1000ng/mL
and TFV-DR>700 fmol/punch. Serum estradiol was considered algive the rounded upper
quartile of 100 pg/mL. Continuous variables wermpared by Student t-test unless the
distribution was not normal; in this case, the \Wion test was used. Pearson correlation
coefficient was used for two continuous variab@ghotomous outcomes were compared with
Fisher exact test. Statistically significant asatens for the outcome of high CVE TFV
concentration were placed in logistic regressiom@mto adjust for any confounding factors

associated with DBS TFV-DP concentrations. Analysese performed in SAS v9 (Cary NC).

RESULTS

Thirty-five women attended their week 24 visit grdvided cervicovaginal specimens. The
women had a median age of 43 years (IQR 35-47) 5vitbn-Hispanic Black, 17 non-Hispanic
White and 10 Latina (Table 1). Adherence to TDF/R¥&3 high among these women with a
median DBS TFV-DP level of 1007 fmol/punch (IQR 72881). Twenty-eight (80%) of the
women had a TFV-DP concentrations of 700 fmol/pumcgreater consistent with dosing four
days per week, and 14 (40%) had concentration2%® fmol/punch consistent with dosing
seven days per week. Among all women, the mediah@¥F concentration was 854 (IQR
125-2350) ng/mL. Almost half of the women (47%) A&/ CVF concentrations ¢f1000
ng/mL. DBS TFV-DP poorly correlated with CVF TF\&(@.009, p=0.96) suggesting that many

other factors were possibly influencing CVF concatins.



While no women had genit@hlamydia or Gonorrhea detected, of those that had swabs, there
were high rates of positivity fasardnerella (11 out of 27, 41%) an@andida (2 out of 27, 7%).
HSV-1 DNA was detected in 4 women (11%) and twthese women were also positive for
CMV DNA. HPV 16/18 was detected in 6 out of the(28%) women tested. Vaginal
community state types (CST) were assigned to 34emowith 8 (24%) CST IL(. crispatus
dominated), 1 (3%) CST IL( gasseri dominated), 11 (32%) CST IIL(iners dominated), 12
(35%) CST IV (nonkactobacillus dominant) and 2 (6%) CST \L.(jensenii dominated).

Vaginal cytokines MIP-1a, MIP-1b and IP10 were d&gble in less than a third of participants

while IL-8 was more common.

There was no association of the considered vatactdrs with low or high CVF TFV
concentrations (Table 2, Figure 1) except in thassessed for vaginitis organisraifdida,
Gardnerella and Trichomonas). Positivity forGardnerella was associated with higher than the
median TFV CVF concentrations (Figure 1) in 9 dut bversus 6 out of of 15 individuals
without Gardnerella (p=0.05). Similarly, those witbardnerella (n=9) were more likely to have
a vaginal TFV of 1000 ng/mL or greater comparethtise withouGardnerella (n=5) (82%
versus 33%, p=0.02). This finding remained evenndmdjusting for adherence by absolute
TFV-DP DBS concentration by logistic regressionhwatdds ratio of 10.0 (95% CI 1.5-67.3) for
association o6Gardnerella with vaginal TFV= 1000 ng/mL (p=0.02). Elevation of cytokines in
the presence dbardnerella compared to its absence did not reach significé®@% versus
64%, p=0.19). No difference was seen in TFV CVFoemtrations by vaginal community type.

CST IV had 7 of 12 (58%) with CVF TF¥1000 ng/mL compared to 5 of 18 (28%) of



Lactobacillus dominant vaginal community types (p=0.3). Figurgh@ws the vaginal microbiota

composition in each participant ordered by CVF emtiation.

Less than 20% of women (5/27) with DBS TFV-DP >7@0l/punch had low vaginal TFV
concentrations (<100 ng/mL). No factor was assediatith a difference in vaginal TFV levels
or discordant CVF and DBS concentrations. Womeh witnL.actobacillus dominant vaginal
community types had 25% discordance of CVF and B@®entrations as compared to 32% in
other women (Fisher Exact p=0.33). The three gpents with discordant CVF and DBS
concentrations with nohactobacillus dominant vaginal microbiomes did not havardnerella

or Candida, but had microbiota that were dominated by othganisms [Enterobacter cloacae

(2), Escherichia fergusonii (1)].

DISCUSSION

In this study of cisgender women taking oral TDRIFDBr HIV prevention, we found high
concentrations of TFV in the CVF in nearly all peigants. Our study did not find differences in
CVE TRV levels with presence of HSV, CMV, HPV, afhmatory cytokines (MIP-1a, MIP-1b,
IP10 and IL-8) or vaginal community group. Nbaetobacillus-dominated vaginal community
types and the presence@érdnerella were not associated with lower TFV concentratiwith

oral TDF/FTC.

Interestingly, presence @ardnerella by DNA probe was associated with being 2.5 timesem

likely of having TFV in CVF 0f=1000 ng/mL, compared to those with&ardnerella. Higher



concentrations of TFV could be produced throughigue vaginal environment created by
Gardnerella. This is in contrast to the lower concentratioh$lBV found in the CVF of women
with Gardnerella who were using topical TFV géf.The local cytokine and cellular milieu with
Gardnerella is surprisingly not well definetf. Bacterial vaginosis does not usually appear to be
related to extensive inflammation, and may actuadlye fewer granulocytes but greater
numbers of CD4lymphocytes™ Thus, CD4 lymphocytes recruited to the vagina in bacterial
vaginosis could be a source of TFV elevations thhodephosphorylation of TFV-DB Further

investigation is needed to determine the influésttairces of TFV in cervicovaginal fluid.

After two PrEP clinical trials did not show adeceiétlV protection in cisgender wonieh there
were concerns that, in addition to low adhereneegrarmacokinetic data favoring near perfect
dosing?, biological mechanisms such as STls; BV and infteation could be diminishing PrEP
efficacy. However, studies have demonstrated treste biological effects depend on product
delivery, with vaginal dysbiosis influencing topita™but not oral* PrEP efficacy. We found
high concentrations of TFV in the CVF, consistertbhwnodeling studies showing protection
against HIV acquisition with oral TDF/FF€, despite the presence of various biological
phenomena. These data serve to support the effecaldPrEP with TDF/FTC is not undermined

by abnormal vaginal microbiota or inflammatory cpes.

There were a number of limitations to our obseoratl study. The sample size of only 35
women participating was small, and was likely dughe cost, complexity of the study and
limited number of women taking oral PrEP to recftotn. In addition, not all factors were

assessed in the 35 women, limiting the samplefsideer. We also could not assess the presence

10



of Chlamydia, Gonorrhea or Trichomonas with TFV concentrations because none of the women
in this study tested positive for these organishe influence of genital tract STIs warrants

further research.

Overall, our findings should be reassuring to pdevs that prescribe PrEP to women in the form
of oral TDF/FTC. There does not appear to be cheimg&@FV penetration from common
bacterial and viral flora. Women who take tenofalfenamide fumarate (TAF) were not part of
this study as it has not yet been approved for RnEdgh receptive vaginal intercourse. As the
prevention efforts moves increasingly towards TARZE-further studies are needed in women to

determine the penetration of TAF/FTC into cerviagval fluid.
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Figure 1: Vaginal Tenofovir Levelsby Viruses and Bacteria Detected

Figure 2: Vaginal Microbiome Composition ordered by CVF (ng/mL) Concentration
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Table 1: Demographic and Clinical Characteristics of Participants at Baseline

Characteristic (n =35)
Age years, median (IQR) 43 (35-47)
Race or Ethnic Group
Black or African American 5 (14%)
White 17 (49%)
Other 3 (9%)
Hispanic or Latina 10 (28%)

DBS TFV-DP level fmol/punch, median (IQR)

1007 (726-1581)

CVF TFV level ng/mL, median (IQR) (n=34)

854 (125-2350)

Sexually transmitted infections (n=34)

Chlamydia 0 (0%)
Gonorrhea 0 (0%)
Vaginitis
Gardnerella (n=27) 11 (41%)
Candida (n=27) 2 (7%)
Trichomonas (n=27) 0 (0%)
Herpes Simplex Virus 1/2 4 (11%)
Cytomegalovirus 2 (6%)
HPV 16 or 18 (n=28) 6 (21%)
Vaginal Microbiota community group (n=34)
I 8 (24%)
Il 1 (3%)
i 11 (32%)
\Y; 12 (35%)
V 2 (6%)
Cytokine detected
MIP lalpha 7 (20%)
MIP 1 beta 7 (20%)
IP-10 8 (22.9%)
IL-8 (>20) 21 (60%)




Vaginal TFV level Vaginal TFV level P-value
21000 ng/mL <1000 ng/mL

Table 2: Predictors of High Vaginal TFV Levels

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



DBS TFV-DP =700 fmol/punch 13 14 1.00

DBS TFV-DP <700 fmol/punch 3 4
DBS TFV-DP =1250 fmol/punch 4 9 0.17
DBS TFV-DP <1250 fmol/punch 12 9
Plasma estrogen =100 pg/mL 13 13 0.70
Plasma estrogen <100 pg/mL 3 S
Gardnerella positive 9 2 0.02
Gardnerella negative 5 10
Candida positive 1 1 1.00
Candida negative 13 11
HSV/CMV positive 2 2 1.00
HSV/CMV negative 15 15
HPV16/18 positive 3 3 1.00
HPV16/18 negative 11 10
L. crispatus dominant 2 5 0.41
Other vaginal type 13 13
Lactobacillus dominant 5 13 0.30
Non-Lactobacillus dominant 7 5
Elevated cytokines 12 15 0.68
No elevated cytokines 3 4



Figure 1: Vaginal Tenofovir Levels by Viruses and Bacteria Detected
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Box plot with interquartile range (box), median (line), mean (diamond), 95% confidence interval (tails), and outliers (circles) of TFV levels in ng/mL..
HSV= herpes simplex virus, CMV=cytomegalovirus. P value based on Wilcoxon test.
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FIGURE 2: Vaginal Microbiome Composition ordered by CVF (ng/mL) Concentration

100

64b 62 64q 6m7 6jg 6h9 6kt 4dS 63k Ssq 6b GF N6k Tbjg 6cq 6fp AMbX 668 64z 634 66p 63s 663 69v 4bm 64d 508 63m 692 6b7 63t 6g3 6hf 6hb

% relative abundance
8 8 8 38 3 3 s 8

s

@ Lactobacillus “mEsberichia  wGlrdnerella Prevotella wmSneathia wStreptococcus mUreaplasma

Legend: Box plot with interquartile range (box), median (line), mean (diamond), 95% confidence interval (tails) and outliers
(circles) of TVF levels in fmol/punch. HSV= herpes simplex virus, CMV= cytomegalovirus

Legend: The X-axis shows the IDs of the 34 participants who provided CVF samples and had a CVF tenofovir concentration 1
measured. CVF concentration is ordered from high (64b = 15400 ng/mL) to low (6hb = below limit of quantification). The
arrow represents where 1000ng/mL falls. The Y-axis represents % abundance. The remainder is comprised of several other
bacteria outside the group listed.
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