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Abstract

Background: Strict adherence to antiretroviral-based microbicide use is important for effective HIV prevention. We
previously developed a composite measure of product adherence, protocol compliance, and semen exposure for
determining vaginal use of tenofovir (TFV) 1% gel applicators through biomarkers and residual drug analyses. In this
study, we tested the ability of the composite measure in vaginally used TFV gel applicators from a Phase Ill HIV preven-
tion clinical trial.

Methods: Used vaginal gel applicators from the FACTS 001 study were swabbed for detection of vaginal bacterial
markers (vaginal insertion), semen DNA markers (semen exposure), and residual TFV gel (product use).

Results: Of 1,098 evaluable TFV and placebo applicators, 80% had detectable vaginal insertion biomarkers and 52%
had semen biomarkers. Ninety-nine percent of vaginally inserted applicators TFV applicators had detectable residual
TFV as measured by liquid chromatography with tandem mass spectroscopy (LC-MS/MS). Residual TFV levels were
also successfully detected using Fourier Transform Infrared (FTIR)-based spectroscopy.

Conclusions: Vaginal insertion and semen exposure biomarkers were detectable on used TFV 1% gel applicators.
Residual TFV on these gel applicators was detectable by LC-MS/MS and FTIR-based spectroscopy, which has potential
to be a more convenient and quicker method for detecting drug use. With continual improvements, this composite
measure of product adherence, protocol compliance, and semen exposure has potential to assess use of not only TFV
gel but also other topical microbicides or products.
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Background

Antiretroviral (ARV) pre-exposure prophylaxis (PrEP) is
one option for effective HIV prevention. Topical vaginal
delivery (microbicides) is an approach for women who
want to avoid the systemic side effects of oral PrEP and
who want an on demand regimen. Unlike initial formu-
lations of microbicides that did not show effectiveness,
ARV-based microbicides showed promise for PrEP [1].
Tenofovir (TFV) 1% vaginal gel was tested for effective-
ness in preventing HIV acquisition using a single appli-
cation daily dose or a peri-coital “BAT24” regimen. The
BAT24 regimen involved one topical application within
12 h before sex and one application within 12 h after sex,
and no more than two doses within h. Using the BAT24
regimen, the CAPRISA 004 study in South Africa was the
first successful clinical trial that showed a statistically sig-
nificant reduction of HIV acquisition [2]. In fact, in that
same study, the overall effectiveness of 39% increased to
54% with high adherence and correct use. However, two
additional large clinical trials that followed, VOICE (daily
dose regimen) [3] and FACTS 001 (BAT24 regimen) [4],
could not confirm these results. In all studies, consistent
use at the time of potential exposure was an important
factor influencing effectiveness of the gel.
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Because self-report is not a reliable method of assess-
ing adherence [5, 6], identifying more objective markers
is critical. Microbicide gel use under the BAT24 regimen
involves three components: 1) vaginal insertion of the
pre-coital gel applicator and expulsion of the gel intra-
vaginally, 2) coital activity (semen exposure), and 3) vagi-
nal insertion of the post-coital gel applicator followed by
intravaginal gel expulsion. Methods previously developed
to measure vaginal microbicide gel adherence were the
ultraviolet light assay and various stain assays utilizing
dyes such as trypan blue to detect vaginal fluid on the
applicator [7-9]. Since subjectivity of the “readers” could
still affect adherence assessments by these methods,
we developed a more objective composite measure of
product adherence (gel expulsion), protocol compliance
(applicator insertion), and semen exposure from a single-
use vaginal gel applicator (Fig. 1), [10]. This composite
measure assesses vaginal insertion using vaginal bacteria
DNA biomarkers and a protein biomarker, Cytokeratin 4
(CK4). It has been previously shown that immunocyto-
chemical detection of CK4 is specific to vaginal cells that
remain on the gel applicator versus epithelial cells of the
hand [10]. Our pilot study, CONRAD 125 [11], confirmed
that handling the applicator to expel gel outside of the
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vagina, i.e., “into the trash’, did not have detectable cells
or DNA originating from the hand. Semen exposure was
assessed through detection of Y-chromosomal DNA bio-
markers through a multiplex PCR system [10, 12] and gel
expulsion through Liquid Chromatography with tandem
mass spectroscopy (LC—-MS/MS)-based quantitation of
residual TFV on the applicator. The vaginal DNA inser-
tion biomarkers were previously validated through a pilot
study utilizing directly observed procedures in our clinic
[11]. They were more specific and more sensitive than
visual inspection of returned applicators and inspection
of applicators under ultraviolet light, two methods com-
monly used for determining applicator use [11].

The FACTS 001 study was a Phase III clinical trial
investigating the use of TFV 1% gel for HIV prevention
[4]. Using returned, vaginally used gel applicators from
this clinical trial, the primary objective of this substudy
was to determine the feasibility of using our composite
measure of product adherence, protocol compliance,
and semen exposure for a more objective assessment of
adherence to these TFV 1% gel applicators collected in
the field during a phase III clinical trial.

In addition, we previously reported the use of Fourier
Transform Infrared (FTIR)-based spectroscopy to detect
TFV, which would be a faster approach than LC-MS/MS
in detecting product for adherence determination in a
clinic [13]. Therefore, this exploratory, secondary objective
was to test this new approach by measuring TFV on the gel
applicators and compare its prediction to LC—MS/MS data.

Methods

The FACTS 001 study (ClinicalTrials.gov NCT01386294)
was a Phase III study conducted at nine clinical sites in
South Africa to obtain additional safety and efficacy data
for peri-coitally-applied TFV 1% gel according to the
BAT?24 regimen [4]. Official clinical trial design and data
have been previously published [4]. The study protocol
was amended in March 2014 and subsequently approved
to collect returned, used vaginal gel applicators for this
post-hoc analysis. Participants also signed an additional
informed consent to allow the use of their returned appli-
cators. Briefly, participants were given a minimum of 10
individually wrapped placebo or TFV gel applicators to use
with sex for one month. Additional applicators were given
to the participant depending upon the previous month’s
self-report of sexual activity. Participants were asked to
place used gel applicators into the individual sleeves of pro-
vided stripform bags and store in a secure place out of the
sun in their homes. Participants then returned their used
applicators plus any unused applicators to the clinic at their
monthly follow up visit. The applicators were stored in the
clinic at room temperature until shipment to the lab at
Eastern Virginia Medical School (EVMS). Our laboratory
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received 5,127 applicators from all nine clinical sites in
South Africa, which were collected from participants over
a two-month period. The applicator labels did not divulge
whether they were placebo or TFV gel, and, therefore, lab
personnel analyzed these applicators blinded. Based on
available funding and timelines, a representative sample
of about 1000 applicators from across all sites was chosen
for analysis. To get equal distribution of samples across all
nine sites, we began with a random selection of applicators
from 10 participants per site. Because participants and sites
returned varied numbers of applicators, additional applica-
tors were randomly selected and added to the analysis for
a grand total of 1,246 applicators from 141 participants
for biomarker analysis. For this analysis set, the number of
applicators per site ranged between 104—190 representing
13-21 participants per site (Additional Table 1). The only
exception was site 07, which provided applicators from
only three participants, 18 applicators total.

Vaginal insertion of the gel applicators were deter-
mined by the presence or absence of a panel of vaginal
bacterial DNA, human amelogenin DNA, and vaginal
cells positive for CK4. Applicators were not considered
evaluable if visible mold/bacteria was present or if the
patterns of biomarkers were not interpretable. The stabil-
ity of the biomarkers and resulting ability for their detec-
tion was most likely affected, although not uniformly, by
the environmental conditions to which the gel applica-
tors were exposed during the time stored between use
and shipment to the EVMS laboratory. However, because
both DNA and protein markers were used, various pat-
terns of detectable markers were observed and could
still be interpreted to determine vaginal insertion (Addi-
tional Table 2) Those patterns by which vaginal insertion
could not be determined were categorized as not evalu-
able. Semen exposure was determined by the presence
or absence of y-chromosomal (SRY/TSPY4) DNA using
the same multiplex PCR amplifying the vaginal insertion
DNA markers described above.

Each vaginal applicator was swabbed with three rayon
swab heads. The first swab head was used for determin-
ing vaginal DNA insertion markers and semen exposure
DNA markers. The second swab head was used for assess-
ing the presence of CK4. The third swab head was used for
measuring residual TFV by LC-MS/MS. This resulted in
swabs from 1,098 evaluable applicators to evaluate vaginal
insertion and semen exposure. Of those 1098 applicators,
swabs from 901 applicators were chosen for assessment of
gel explusion by quantitating residual TFV using LC-MS/
MS. If 100% of the applicators returned by a single partici-
pant had no vaginal insertion biomarkers, those applica-
tors were not included for LC-MS/MS. The lab director
was unblinded to treatment groups to assure that the data
represented nearly equal numbers of TFV and placebo gel
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applicators. MPI Research Inc. (Mattawan, MI), who per-
formed the laboratory analysis, remained blinded. MPI
Research Inc. then returned half of the swabs extracts to the
laboratory and a sample of them was analyzed with FTIR-
spectroscopy analysis.

Vaginal-semen multiplex polymerase chain reaction (PCR)
and CK4 immunocytochemistry
To assess vaginal insertion and semen exposure, one
swab was extracted for amplification of vaginal bacterial
DNA/Y-chromosomal DNA by multiplex PCR analysis
and another swab was extracted for immunocytochemical
detection of vaginal epithelial cell protein, CK4. Multiplex
PCR and CK4 immunocytochemical detection were per-
formed as previously described [10]. Briefly, the first swab
head was placed in DNA extraction buffer. The DNA was
isolated and used for subsequent multiplex PCR analysis,
which amplifies a panel of vaginal bacterial genes and a
human control gene, amelogenin. Because bacteria in the
environment could be a contaminating source of DNA,
vaginal insertion was confirmed only by co-amplification
of one or more vaginal bacteria and the control human
gene, amelogenin. The multiplex PCR also includes prim-
ers specific for the y-chromosomal DNA genes, SRY and
TSPY4 [12]. If semen was present on the applicators,
residual male DNA would also be amplified. The panel of
primers are listed in our previous publication [10].

To detect CK4, the second swab head was placed in
1 ml Cytorich Red solution (Thermo- Scientific, Kalama-
zoo, MI) for release and fixation of vaginal epithelial cells,
which were then spotted onto slides and dried overnight
for subsequent colorimetric immunocytochemical detec-
tion of CK4. Presence of CK4 positive cells on the appli-
cator was additional confirmation of vaginal insertion.

Measurement of residual TFV on vaginally inserted
applicators through LC-MS/MS

The third arm of our composite measure of adherence was
to assess whether gel, which was expelled into the vagina
leaving residual gel on the shaft of the applicator, could be
measured. After swabbing the used gel applicator, the third
swab was stored frozen until shipment to MPI Research,
Inc. (Mattawan, MI) where samples were analyzed for
TFV concentration. MPI Research developed and quali-
fied the following method specifically for these applicator
swab samples. Briefly, contents of the swab were extracted
by placing the swab in 1 ml of dH,O. The extract was split
into two aliquots, and to one of them, internal TFV stand-
ard was added for LC-MS/MS analysis using the Agilent
1200 Series HPLC in conjunction with Applied Biosys-
tems/MDS SCIEX API 5000 LC-MS/MS System. The cali-
bration curve range was 25.0 — 25,000 ng/mL for tenofovir
which was equivalent to 25.0 —25,000 ng/swab. The other
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aliquot of the water extract was kept frozen until shipment
back to EVMS for FTIR spectroscopy analysis.

FTIR spectroscopy of swabbed TFV and placebo gel
applicators extracts

Calibration modeling

Figure 2 summarizes the various steps involved in devel-
opment and validation of FTIR methods developed to
confirm presence or absence of TVF in the swab extracts
of the returned gel applicators. The calibration model
was developed with a calibration set (n=60) consisting
solutions of deionized water containing varying con-
centrations of TFV 1% gel and placebo (HEC) gel (1.0,
0.4, 0.2, and 0.1 g/mL) and deionized water to serve as
a blank (Fig. 2). A 20 pl aliquot of each prepared solu-
tion was then placed on a portable Agilent Cary 630
FTIR Spectrometer equipped with a dial path (liquid
attachment) accessory (Agilent Technologies, Santa
Clara, CA). Spectra of solution containing varying con-
centrations of active product (40 spectra of TFV gel),
placebo product (10 spectra of HEC gel), or no product
(10 spectra of deionized water as blank) were captured.
The calibration set spectral data were used in developing
a partial least square regression (PLSR)-based discrimi-
nant algorithm.

Model validation with swab extracts of TFV and placebo gel
applicators

Swab extracts received from MPI Research Inc. were
analyzed by placing 20 pl aliquot of each swab extract on
the FTIR equipment. The operations of the FTIR equip-
ment were controlled by Microlab PC software run from
a dedicated computer laptop (Agilent Technologies,
Santa Clara, CA). The Microlab PC software was pro-
grammed to provide a categorical “Yes” or “No” readouts
to confirm presence (Yes) or absence (No) of TVF in the
extracts based on discriminant PLSR-based algorithm.
FTIR predictions value > 10,000 ng/ml indicates presence
of TFV, and values < 10,000 ng/ml indicates that the sam-
ple is a placebo. Data was collected blinded to the treat-
ment groups.

Statistical analysis

Descriptive statistics for each outcome are reported.
We calculated frequencies and proportions for cate-
gorical outcomes. To examine the exploratory objective
pilot test on the ability of a previously developed FTIR
spectroscopy-based approach to measure TFV from the
extracts of the swabbed gel applicators, sensitivity, spec-
ificity, and likelihood ratios (both positive and nega-
tive) were calculated together with their 95% confidence
intervals. Statistical calculations were performed using
R (R Core Team) [14].
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Results

Out of the randomly selected cohort of 1,246 applicators
from 141 participants, 1,098 (88%) had biomarkers of accept-
able quality to evaluate (see criteria in Methods). The median
number of returned applicators per woman was eight. Based
on vaginal bacterial DNA and CK4 analysis of these evalua-
ble applicators, 80% (881 applicators) were vaginally inserted
while 20% (217 applicators) were not (Table 1).

The data in Table 1 reflect evaluable applicators in total,
which include those applicators from sets returned by
participants that were not 100% evaluable. Therefore,
we also did a per participant analysis of applicator use
from 101 participants who returned sets of applicators

Table 1 Determination of vaginal insertion of total evaluable

applicators

Total gel Total evaluable Total number Total number

applicators applicators of applicators  of applicators
vaginally NOT vaginally
inserted inserted

1246 (100%) 1098 (88%) 881 (80%) 217 (20%)

that were 100% evaluable. These participants returned
an average of 9+4 (mean= SD) applicators, which were
all evaluable. Of the 101 participants for this analysis,
82 participants returned sets of applicators in which
80-100% of applicators had detectable insertion bio-
marker and were deemed vaginally inserted. Further
stratification of this group of participants revealed only
12 participants returned sets of applicators for which no
biomarkers of vaginal insertion were present and thus
considered not vaginally inserted (Table 2).

Table 2 Determination of vaginal insertion of applicators from
participants returning sets 100% evaluable (n=101)

Percent
of total
participants

Number of
participants (n)

Percent of applicators in the set
deemed vaginally inserted

0% 12 11.8%
1-79% 7 6.9%

80-100% 82 81.2%
Totals 101 100%
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Semen DNA biomarkers were detected on 52% of all
evaluable applicators (570/1098). Eight percent (84/1098)
of applicators not designated as vaginally inserted had
positive detection of semen biomarkers.

The third arm of the composite measure is gel expul-
sion as measured by residual TFV on the applicator. Of
the 1,098 evaluable applicators, extracts of the third swab
heads from 901 applicators (556 TFV and 345 placebo)
were analyzed to determine if residual TFV gel could be
detected by LC-MS/MS (see Methods). The LC-MS/
MS method was highly specific with 97% (539/556) of
the TEFV gel applicators having detectable TFV. Only
5% (19/345) placebo applicators were identified as false
positives (Table 3). Out of these 901 applicators, 83%
(749) were deemed vaginally inserted by biomarkers. We
then assessed the presence of residual TFV on vaginally
inserted TFV applicators. TFV was detected on 99%
(452/456) of vaginally inserted TFV applicators (Table 3).

An exploratory objective of this subset analysis was to
perform a pilot test on the ability of a previously devel-
oped FTIR spectroscopy-based approach to measure
TEV from the extracts of the swabbed gel applicators.
Using a subset of the original swab extracts described
above (n=197; 122 TFV, 75 placebo), spectral scans of
the extracts were obtained, and yes/no predictions were
compared to data generated by LC-MS/MS, the gold
standard for this comparison (Table 4). The results from
this comparison showed a fairly high sensitivity of 0.83
[95% CI, 0.75-0.89] and high specificity of 0.97 [95% CI,
0.91-1.00], with the associated Positive Likelihood Ratio
(LR+) of 31.05 [95% CI, 7.89 — 122.14] and Negative
Likelihood Ratio (LR-) of 0.18 [95% CI, 0.12—0.26].

Discussion

We tested the ability of our previously developed composite
measure of product adherence, protocol compliance, and
semen exposure to assess adherence to 1% TFV gel through
a post-hoc analysis of gel applicators collected under field
conditions from the FACTS 001 study. We report that 80%
of the 1,098 evaluable, returned applicators were vaginally

Table 3 Determination of residual TFV on a subset of returned
gel applicators

All applicators (n=901)

Group Number of Number of
applicators applicators with
detectable TFV
1% TFV Gel 556 539 (97%)
Placebo 345 19 (5%)
Vaginally inserted 1% 456 452 (99%)

TFV gel
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Table 4 Agreement between FTIR-based predictions and LC-
MS/MS quantitation of residual TFV on gel applicators (n=197;
122 TFV, 75 placebo)

LC-MS/MS
TFV + TFV-
FTIR TRV + 101 2
TFV- 21 73

inserted, while the remainder did not have biomarkers pre-
sent suggesting non-use. From those evaluable applicators,
a subset representing nearly equal numbers of TFV gel and
placebo applicators, residual TFV was detected on 97% of
the TFV gel applicators. Combining this with the vaginal
insertion biomarker data, we could detect residual TFV
in 99% of the TFV applicators with detectable insertion
markers. These TFV gel applicators demonstrate the clini-
cal research potential of these markers to determine objec-
tively that a participant vaginally inserted the applicator
and expelled the gel. With a sensitivity of 0.83 and specific-
ity of 0.97, we also report feasibility of using portable FTIR
spectroscopy rather than LC-MS/MS to measure residual
TFV on the used applicators.

Unlike our pilot study, CONRAD 125 [11], which ana-
lyzed the vaginal insertion markers 7 and 30 days after
receipt of applicators in temperature-controlled labora-
tory conditions, the used gel applicators from the FACTS
001 study were exposed to less controlled environmental
storage conditions (“field samples”). For this substudy, par-
ticipants were asked to store their used applicators at home
until they returned them to the clinic at their monthly visits.
The applicators were then moved from these uncontrolled
conditions to slightly more controlled room temperature
conditions at the clinic. Stability of DNA and protein bio-
markers are maintained best in cold temperatures. Our ini-
tial criteria for vaginal insertion in the pilot validation study
was PCR amplification of one or more vaginal bacterial
DNA markers and the required amplification of the human
control gene, amelogenin, along with positive CK4 immu-
nocytochemical detection. However, testing these “field
samples” revealed different patterns of DNA and protein
detection because of the different levels of stability inher-
ent in the biomarkers. The ability to detect vaginal bacterial
and semen DNA markers was more consistent across sam-
ples than CK4 expression in the shed vaginal cells retrieved
from the gel applicators. We attributed the inconsistent
CK4 observation to variability in the number and qual-
ity of the shed cells among participants. Cells with absent
CK4 may be due to loss of intracellular contents during
the process of cell death and shedding or protein degrada-
tion [15]. Although proteins are more specific, they exhibit
less stability in harsh environments than DNA. We did not
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consider the possibility of shed cells or DNA from the hand
since our previous data showed no detectable, stainable cells
or amelogenin DNA amplification from sham applicators,
which were applicators simply handled to expel gel into the
trash [10, 11]. Incorporating the human amelogenin gene
into the multiplex PCR analysis of vaginal bacteria helped
prevent possible false positive determinations of vaginal
insertion when the source of bacteria is contamination from
the environment. The vaginal microbiome encompasses
various bacterial community types ranging from mainly
Lactobacilli to more varied anaerobic species [16]. Because
of the large diversity of potential bacteria in the vaginal
microbiome, one limitation of vaginal insertion biomark-
ers is the small chance that the multiplex PCR would not
amplify any of the chosen bacteria markers in vaginal swab
DNA from a minority of participants. In summary, we were
able to detect the biomarkers from applicators that were
stored for approximately 6—12 months before analysis, and
DNA biomarkers were detected more consistently than
the protein marker, CK4. While it is best to make a deter-
mination with all biomarkers present, it was still possible to
make determinations based on different patterns of markers
(Additional Table 2). This leads to a general conclusion that
the more biomarkers that are available to measure, the more
objective ability to assess adherence. For use in smaller clini-
cal trials, e.g., pilot, phase I and phase II studies, optimizing
storage and handling conditions through small laboratory
controlled studies could clearly improve the assessment of
adherence using this composite measure.

A more consistent presence of DNA biomarkers versus
protein was also observed in our previous study investigat-
ing biomarkers of semen exposure. Y-chromosomal DNA,
specifically SRY and TSPY4, was detected on vaginal swabs
collected up to 48 h and 15 days, respectively, from initial
time of semen exposure versus prostate-specific antigen
[17]. Because multiple copies of the TSPY4 gene are pre-
sent on the Y-chromosome, it is a very sensitive marker for
semen exposure [12]. The current study reports that semen
biomarkers were detected in 50% of the total applicators
evaluated, which confirms self-reports of sex acts with no
condom use [4]. However, there was a small percentage of
applicators deemed not inserted but had detectable TSPY
and/or SRY suggesting possible DNA contamination of the
applicators during routine manual handling by the par-
ticipants, particularly when placing the used applicators
into the individual sleeves of the provided stripform bags
for storage until returning to the clinic. Since the applica-
tors came from an ongoing Phase III clinical trial, we could
not acquire an un-inserted applicator stored in those same
bags as a control for external contamination from the bags.
Our previous validation study used manually handled
applicators stored in the original packaging and detected
no DNA contamination. In addition, the FACTS 001 study
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incorporated visual inspection of applicators by clinical
personnel into the adherence program, which requires
manual handling of the applicators. We acknowledge that
these situations added an additional risk for non-specific
contamination. While the analysis lab could be another
source of DNA contamination, the PCR protocol included
a “no DNA” buffer only control to rule out any contami-
nation by the analysis lab. Since applicators were swabbed
and DNA extracted from the swabs, a blank swab control
was also included in the PCR analysis. While very sensi-
tive, the high contamination risk is a limitation of using
TSPY and SRY as markers to determine semen exposure
in a study like FACTS 001. A different clinical design plus
multiple controls would be necessary to minimize this
risk. Another but less likely possibility for unused applica-
tors with only male DNA is large amounts of semen that
dilute female DNA/protein to below the threshold of PCR
amplification and detection for vaginal insertion markers.
This latter possibility, if true, would suggest a false nega-
tive (applicator was indeed inserted) and thus a poten-
tial underestimate of vaginal insertion. Even with these
limitations, the current data confirms that semen mark-
ers can be detected on used vaginal gel applicators and
would justify further investigation. Smaller, more focused
studies involving timed and recorded sex acts are needed
to improve their use. Although proteins are less stable,
another approach would be future investigations on poten-
tial semen-based proteins that could be markers with less
contamination risk.

While self-report is not an accurate measure of adher-
ence, more investigative analysis through in-depth inter-
views (IDIs) and focus group discussions (FGDs) with
participants of the FACTS 001 study indicated the chal-
lenges of adherence to the BAT24 regimen as it related to
the timing and location of sex [18]. Various situational or
logistical challenges described by participants resulted in
different patterns deviating from the BAT24 regimen: no-
gel use, pre-coital gel use only, or post-coital gel use only.
The presence of semen biomarkers on 50% of the appli-
cators suggest that nearly half of gel use was post-coital,
but it cannot tell us whether those reflect single use or
dual gel use as prescribed in the BAT24 regimen. Under
the FACTS 001 study design, it was not possible to know
which applicator was used pre-coitally or post-coitally. If
packaging was designed to provide this information, the
biomarkers of adherence could determine the pattern of
deviation from the BAT24 regimen and approximately
how many sex acts were actually covered by two doses.
If we knew whether the unused applicator was a pre- or
post-coital dose, that information plus the number of sex
acts reported could reveal more accurately whether 1)
some sex acts were covered by two doses, 2) every sex act
was covered by one dose, or 3) some sex acts were not
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covered by gel at all. To determine semen exposure and
correlate it with gel use in future studies, information on
which applicator is a pre-coital applicator versus a post-
coital applicator would be required.

Although there is no “gold standard” measurement of
adherence, a frequent objective marker of adherence is
ARV drug levels as quantitated by LC-MS/MS [19-21].
Therefore, swabbing the used gel applicator with an
additional swab was done for subsequent extraction and
detection of residual TFV. Positive detection of TFV
would suggest vaginal expulsion of the gel since previ-
ous data of sham applicators (gel expelled but not vagi-
nally inserted) did not have detectable TFV gel [10]. As
expected, LC-MS/MS analysis was highly specific detect-
ing residual TFV on TFV gel applicators with only 5%
false positive detection on placebo gel applicators. When
combined with the biomarkers of vaginal insertion, TEFV
was detected in 99% of the analyzed TFV gel applica-
tors that were deemed vaginally inserted. The qualita-
tive data from the FACTS 001 study reported that some
participants admitted to expelling smaller volumes of gel
vaginally. This possibility highlights one limitation of our
composite measure. We have not tested whether partial
amounts of gel vaginally expelled would leave a residue of
TFV that is still quantifiable. Overall, the biomarker data
suggest that when participants were committed to using
the gel applicator, they followed protocol by vaginally
inserting the applicator and expelling the gel.

Taking advantage of the LC-MS/MS data, we investi-
gated extending the applicability of our previously pub-
lished FTIR spectroscopy-based approach that measured
TEV gel directly from vaginal swabs [12]. While LC-MS/
MS is a methodology with the high sensitivity and speci-
ficity necessary to measure TFV in clinical samples, the
results require costly equipment and highly skilled per-
sonnel. In addition, results are not provided immediately
in a clinic for health care professionals to administer
necessary adherence support. Our previous data demon-
strated FITR-spectroscopy’s potential for non-destructive,
immediate analysis of TFV in vaginal swabs. These char-
acteristics are necessary for development of a point-of-
care diagnostic. For this report, we developed a prediction
model for determining the presence of TFV in vaginal
swab extracts containing residual gel from used applica-
tors. Using those same swab extracts analyzed by LC—
MS/MS, the qualitative prediction model determined if
TEV was present (yes) or not present (no) and compared
to LC-MS/MS values, which was set as the gold standard.
Statistical methods for estimating sensitivity and speci-
ficity as well as likelihood ratios are commonly used for
evaluating the performance of a diagnostic test [22, 23].
From this initial data, the LR 4 estimated that swabs with
a positive result (TFV presence) under the LC-MS/MS
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method is about 31 times more likely to have a positive
result under the FTIR method, comparing to those with
a negative result under the LC-MS/MS method. Addi-
tionally, the LR- showed that swabs with a negative result
under the LC-MS/MS method are about 5.6 times to
have a negative result under the FTIR method compar-
ing to those with a positive result under the LC-MS/MS
method. Accurate likelihood ratios depend upon solid
sensitivity and specificity values. Therefore, we recog-
nize that our sensitivity and specificity analysis findings
are exploratory only at this stage. A more appropriate
sample size is needed to further confirm this conclusion
[24]. The pilot data will help in determining the appropri-
ate sample size required for a future study investigating
whether FTIR spectroscopy has the promise to be a future
approach for a simpler and faster way of measuring ARVs.

Conclusions

In summary, we demonstrated the feasibility of our compos-
ite measure of product adherence, protocol compliance, and
semen exposure to objectively assess TFV 1% vaginal gel use
from applicators obtained from a Phase III microbicide HIV
prevention trial. With some limitations in stability of bio-
markers, we have shown, overall, that these markers have
the potential to determine adherence to TFV 1% gel. With
future improvements, combining this type of scientific tech-
nology with more in-depth qualitative analysis of adherence,
i.e. IDIs and FGDs, will advance the goal of more accurate
assessments of correct microbicide use as well as other type
of vaginal products using an applicator or device.
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