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Background. Rational development of drugs to prevent human immunodeficiency virus (HIV) transmission

benefits from an understanding HIV distribution in the female genital tract after intercourse. This study describes

HIV distribution using surrogates of cell-free and cell-associated HIV and semen.

Methods. Apheresis-derived, autologous, lymphocyte-rich cells radiolabeled with 3.7-MBq (100-lCi) indium
111 (111In)–oxine (cell-associated HIV surrogate) and 18.5-MBq (500-lCi) technetium 99m (99mTc)–sulfur

colloid (HIV-sized 100-nm particle, cell-free HIV surrogate) were resuspended in 3 mL of hydroxyethylcellulose

gel (semen simulant) with gadoteridol and dosed via artificial phallus after simulated intercourse. Postdosing

dual-isotope single photon emission computed tomography with computed tomography (SPECT/CT) and

magnetic resonance (MR) images were acquired to determine the surrogates’ distribution. Seven hours after

dosing, vaginal biopsy and luminal samples were collected at discrete locations in 8 subjects.

Results. SPECT/CT and MR analysis showed HIV and semen surrogate distribution with highest signal intensity

in the vaginal pericervical area, without detectable signal in the uterus. One-third of the administered dose was

retained in the female genital tract after 4 hours. Cell-free and cell-associated surrogate distribution coincided.

Conclusions. We demonstrate the feasibility of dual-isotope SPECT/CT and MR imaging to determine the

distribution of HIV and semen surrogates after simulated intercourse without disrupting vaginal contents.

Surrogate distribution suggests topical microbicides do not need to reach the uterus for efficacy.

The design of effective vaginal microbicides benefits

from an understanding of distribution and clearance

of human immunodeficiency virus (HIV) among sites

of exposure within the female genital tract, including

luminal and mucosal distribution after ejaculation of

HIV-infected semen [1–5]. Details of HIV infection

have not been determined in humans but are essential

for rational design of microbicide candidates to out-

distance and outlast HIV after intercourse.

Previous investigators used noninvasive imaging

with indium 111 (111In)–labeled leukocytes to observe

in vivo leukocyte migration for anatomic localization

of infection and inflammation [6–11]. We have used

serial single-photon emission computed tomography

with computed tomography (SPECT/CT) to describe

HIV surrogate distribution and clearance in the distal

part of the colon [12]. Other groups have used gamma

scintigraphy and/or magnetic resonance (MR) imag-

ing to image distribution of gels and fluid in the fe-

male genital tract [13–20], sometimes with simulated

receptive vaginal intercourse. In these studies, vaginal

distribution was evaluated within 1 hour of dosing.

Although MR imaging has been a useful tool for as-

sessing fluid and gel distribution in the female genital

tract [14, 15, 18, 21, 22], it is limited in its ability to

quantitatively and simultaneously detect multiple

chemical markers. To circumvent these limitations,

we used radiolabeled cell-free and cell-associated

HIV surrogates, with different isotope emission en-

ergies, mixed with a semen surrogate labeled with ga-

dolinium. We then simulated intercourse to assess HIV

surrogate distribution within the female genital tract.
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METHODS

Research Participants
The study protocol was approved by the Johns Hopkins

Medicine Institutional Review Board. All subjects provided

informed consent. Eligible subjects were premenopausal

women aged $21 years who had comfort with vaginal dila-

tory objects, a negative pregnancy test, intact uterus, lym-

phocyte counts within normal limits, neutrophil count

$1000 cells/mm3, platelet counts $150 000 cells/mm3, and

prothrombin time/partial thromboplastin time results within

normal limits.

Study Schema
Once subjects passed screening, a surrogate for HIV-infected

ejaculate was prepared from apheresis-derived, autologous, ra-

diolabeled lymphocyte-rich cells and radiolabeled HIV-sized

particles mixed in semen simulant. Radiolabeled simulated

ejaculate was injected into the vagina through the lumen of an

artificial phallus after simulated receptive vaginal intercourse.

SPECT/CT and MR images and cervicovaginal lavage (CVL),

vaginal wall and forniceal biopsy, and luminal brush samples

were collected during the next 8 hours to assess distribution of

radiolabeled HIV surrogates.

HIV Surrogate Dose Preparation
Each subject underwent apheresis for 2 hours, during which

lymphocyte-enriched leukocytes were isolated from whole

blood via peripheral access. The cell-associated HIV surro-

gate was created by labeling apheresis-derived autologous

leukocytes with 111In-oxine (Cardinal Health). The cell-free

HIV surrogate, technetium 99m (99mTc)–sulfur colloid (SC),

consisted of 100-nm radiolabeled particles. The final dose

was 3.7-MBq (100-lCi) 111In-labeled leukocytes, 18.5-MBq

(50-lCi) 99mTc-SC, and 1:100 gadolinium. (Gadolinium was

used only in the last 5 of 8 subjects.) These components were

resuspended in 3 mL of hydroxyethylcellulose (HEC) gel

(Pre-Seed; INGfertility), our iso-osmolar semen surrogate,

at dosing.

Coital Simulation
This study used a simulated receptive vaginal intercourse

model, similar to a previously developed model that simulates

coital forces for receptive anal intercourse [12]. We used

a coital dynamic simulator (CDS) (an artificial phallus with an

intravenous catheter in the urethral position) to simulate

coital forces of receptive vaginal intercourse and permit

dosing of the simulated ejaculate. This CDS was inserted

and manipulated for 5 minutes, 1 cycle/second to simulate

receptive vaginal intercourse (metronome guided). To simu-

late ejaculation, the CDS remained fully inserted into the

vagina, and the investigator injected the radiolabeled dose

through the lumens in the CDS with catheter dead-space

flush. The subject then manipulated the CDS for 10 more

cycles before removing the device. The retained dose was

estimated by subtracting the residual radioactivity for both

radiolabels in all devices after dosing using a dose calibrator

(CRC 15-W; Capintec).

SPECT/CT Imaging
SPECT/CT images were acquired at 0–1 and 3–4 hours after

dosing. Fusion of SPECT and CT images produces an image

with SPECT signal intensity within a CT-defined anatomic

location [10]. SPECT/CT images of radiotracers were acquired

using a dual-head VG series system (GE Medical Systems)

equipped with a low-dose CT unit (Hawkeye). CT images

were acquired before SPECT images. CT scans (1-cm thick-

ness; step-and-shoot mode; 140 kVp; 1.0 mA; 180� fan angle)

were acquired from the thorax to the anus over a 213� arc.

CT images were reconstructed with filtered back-projection

onto a 256 3 256-matrix. Noise correction was performed

using automatic body contouring to optimize signal and

resolution. Simultaneous dual-isotope image acquisition was

performed with a 20% 99mTc energy window centered at

140 keV and 20% 111In energy windows centered at 172

and 247 keV. Projections from 2 111In energy windows were

added together to reduce noise. Each SPECT acquisition was

35 minutes. The SPECT images were then reconstructed into

a 128 3 128-matrix size using an iterative ordered subset–

expectation maximization (OSEM) algorithm [23].

The downscatter from 111In into the 99mTc energy window

was estimated and compensated for using a model-based

method [24]. In this method, object scatter was modeled

using the effective-source scatter estimate technique, in-

cluding contributions from both 111In photon peaks [25].

Photon interactions inside the collimator-detector system,

including penetration and scatter components, were esti-

mated using precomputed tables calculated from Monte

Carlo simulations. Estimated downscatter was compensated

for during iterative OSEM reconstruction of the 99mTc images

by adding the downscatter estimate to the computed projec-

tions at each iteration. SPECT images were also compensated

for attenuation, scatter, and detector resolution blur during

reconstruction [26].

To assess the anatomic distribution of cell-free (99mTc)

relative to the cell-associated (111In) HIV surrogates, we de-

scribed a mass-adjusted volume of distribution coincident to

both isotopes and the volume unique to each isotope, using

corrected values filtered by a threshold gating 5% of the total

acquired signal for analysis. The percent coincidence of each

isotope was calculated to determine the amount of overlap in

distribution of the viral surrogates, using disintegrations per

minute (dpm), as follows:

% 111In overlap with 99mTc 5 R (111In dpm within 99mTc

distribution)/R (111In dpm total)
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and

% 99mTc overlap with 111In 5 R (99mTc dpm within
111In distribution)/R (99mTc dpm total).

MR Imaging
MR images were acquired at 1–2 and 4–5 hours after dosing.

Images were acquired using a 3.0-T whole-body TRIO im-

ager (Siemens Medical Solutions USA) using the Total Image

Matrix body matrix coil (Siemens Medical Solutions USA).

Participants were imaged in the supine position. The fol-

lowing sequences were obtained: (1) sagittal, T2-weighted

images with fat suppression (7470/160 [repetition time (TR)

ms/echo time (TE) ms]; section thickness, 3 mm; intersection

gap, 0.9 mm); (2) axial, T2-weighted turbo spin-echo images

(9670/116; section thickness, 3 mm; intersection gap, 0.9 mm);

and (3) 3-dimensional T1-weighted gradient-echo images with

fat suppression (8.8/3.2; section thickness, 2 mm; intersection

gap, 0 mm; flip angle, 10�).
MR images were analyzed to assess fluid and semen sur-

rogate distribution in the female genital tract with contrast

enhancement using 1:100 gadolinium-containing gado-

teridol injection solution (molecular weight, 559 g/mol;

630 mOsm/Kg: pH 6.5–8.0) (ProHance; Bracco Diagnostics)

[11–13]. Three-dimensional T1-weighted gradient-echo MR

images were reconstructed into axial, coronal, and sagittal

images for contrast distribution analysis.

Vaginal Sampling
Between 7 and 8 hours after dosing, a speculum was inserted

into the vagina, and 8 cytologic brush samples were collected

at the endocervix (n5 2), ectocervix (n5 2), posterior fornix

(n5 1), anterior fornix (n5 1), and vaginal wall (n5 2). For

the CVL, 10 mL Normosol-R (Hospira) was applied against

the cervix, and the lavage fluid was collected into a syringe

with Luer Lock tip. For the first 3 subjects, 2 vaginal wall

biopsy samples were collected. For the last 5 subjects, biopsy

samples were taken from adjacent positions on the vaginal

wall (n 5 2) and posterior fornix (n 5 3).

Vaginal Tissue Cell Extraction and Subset Isolation
To release cells, tissue biopsies were incubated with a disso-

ciative enzyme cocktail of collagenase (0.5 mg/mL; Sigma-

Aldrich), DNase (2 U; Roche), elastase (12 U; Worthington

Biochemicals), and hyaluronidase (60 U; Worthington Bio-

chemicals). The digestions were carried out in Roswell Park

Memorial Institute medium with 7.5% fetal bovine serum

in 50-mL conical tubes at 37�C with agitation (Invitrogen).

The cells freed from the matrix were isolated by filtration

with a 70-lm cell strainer and centrifugation at 400 g for

10 minutes at 4�C. Cells were counted using the Guava/

Millipore EasyCyte Plus system (Millipore). CD41 cells were

isolated via positive selection with CD4 microbeads using

magnetic affinity column separation from a 100-lL aliquot

of the administered dose and from tissue-extracted cells

(Miltenyi). CD41 and CD42 fractions were assessed for

radioactivity, cell counting, and flow-cytometric analysis.

The dosed 111In-labeled leukocyte radioactivity was used

to calculate the number of exogenously administered cells

present in the tissue fraction using the following equation:

dpmtissue/(dpm/cell)dose.

Measurement of Radioactivity
Radioactivity in the biopsy or brush sample was measured on

a gamma spectrometer using 2 energy levels (Perkin Elmer).

The 99mTc counts were determined in the 99–150-keV win-

dow, with the peak at detected 140 keV (610 keV); 111In

counts were quantified in the 150–500-keV energy window,

with peaks detected at 172 and 247 keV (610 keV). Calcu-

lations were corrected for crosstalk, background, and decay.

Statistics
Data were summarized using medians and interquartile

ranges (IQRs). The Wilcoxon matched-pairs signed rank test

was used to test comparisons, with differences defined as

statistically significant at P # .05.

RESULTS

Subjects
Eight premenopausal women, 21–45 years of age, completed

the study. Six of the women were African American, and 2

were white. Two of the subjects were HIV positive. Six women

were studied during the luteal phase of their menstrual cycles,

and 2 during the follicular phase.

SPECT/CT Distribution of Viral Surrogates
The median dose retained in the subjects was 3.89 MBq

for 99mTc-SC (IQR, 1.67–5.33 MBq) and 3.52 MBq for 111In-

labeled cells (IQR, 3.48–3.55 MBq). The median number of

cells retained was 2.2 million (IQR, 1.6–4.2 million), about

twice the upper limit of typical semen leukocytes. Visual in-

spection of SPECT/CT images showed distribution of cell-

free and cell-associated HIV surrogates in the vaginal lumen

with no detectable uterine distribution (Figure 1). SPECT/CT

showed the highest signal intensity in the pericervical area

(cervical os and fornices) for all subjects. Signal intensity was

greatly diminished, if not below detection limits, in the

midvaginal position in all subjects. Comparisons of 1- and

3-hour SPECT/CT acquisitions disclosed no change in dis-

tribution, although signal intensity decreased. Compared

with the scan immediately after dosing (100% reference),

subjects retained a median of 55% (IQR, 44%–68%) of 111In

and 31% (IQR, 24%–44%) of 99mTc signals at SPECT/CT 3

hours after dosing.

The distribution of both radiolabels seemed to be largely

coincident on visual inspection of the maximal-intensity
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projection figures for all subjects (Figure 1). The median

percentage of 99mTc signal that overlapped with the 111In

signal was 94% (IQR, 86%–97%) 1 hour after dosing and

lower, 78% (IQR, 62%–84%), 3 hours after dosing (P, .01).

The median percentage of 111In signal that overlapped with

the 99mTc signal was 82% (IQR, 67%–83%) 1 hour after

dosing and lower, 58% (IQR, 51%–65%), 3 hours after

dosing (P , .01).

MR Imaging Distribution of Semen Simulant
The T1-weighted MR images showed gadolinium distributed

throughout the vagina, with no detectable uterine distribu-

tion (Figure 2). The distribution of gadolinium showed

similar signal intensity throughout the entire vagina, with

evident forniceal pooling. The signal intensity throughout

the endometrial canal was consistent with endometrial tis-

sue, not gadolinium, based on comparison of T2-weighted

and T1-weighted images.

Direct Assessment of Vaginal Distribution
Moving from distal to proximal (left to right in Figure 3C),

the direct brush sampling showed increasing radiolabel, with

peak activity at the fornices or cervical os in all subjects seen

with both isotopes. The signal activity at the midvaginal

position had a median of 0.04% (IQR, 0.03%–0.09%) of the
111In dosed and 0.15% (IQR, 0.08%–0.39%) of the 99mTc

dosed. In comparison, the signal increased to a median of

0.31% (IQR, 0.07%–0.85%) of the 111In dosed and 1.79%

(IQR, 0.44%–1.48%) of the 99mTc dosed at the peak peri-

cervical location (both P , .01). Qualitatively, the pattern

of the 1- and 3-hour SPECT radiolabel (sequential axial

section signal intensity) corresponded with measurements

from discrete anatomic sites via brush sampling (Figure 4).

Total and CD41 cell yields did not differ between vaginal

wall and forniceal biopsy samples; results from all biopsies in

each woman were pooled. Median cell yield/biopsy from

each subject was 328 815 (IQR, 256 149–938 740), of which

6% (IQR, 6%–10%) were CD41 cells. We estimated that

0.08% (IQR, 0.03%–0.058%) of total cells and 0.12%

(0.04%–0.76%) of CD41 cells were from the radiolabeled

dose. 99mTc was also associated with the cells, with a median

of 8111 dpm (IQR, 345–16 905 dpm) or 0.0004% of

the initial dose associated with the cellular fraction in each

biopsy sample.

Analysis of CVL samples obtained 7–8 hours after the

initial dose (after brush sampling and before biopsies) found

medians of 0.95% (IQR, 0.89%–1.2%) and 3.15% (IQR,

1.62%–4.40%) of the original retained dose of cell-associated

(111In) and cell-free (99mTc) HIV surrogates, respectively.

We did not identify any differences in the results described

above based on menstrual phase or HIV status. The sample

size was too small to exclude anything but large differences in

our quantitative measures.

DISCUSSION

This study evaluated the feasibility of using noninvasive im-

aging of HIV surrogates to describe HIV distribution in the

female genital tract after receptive vaginal intercourse. Ra-

dioactive labeling of the HIV surrogates permits SPECT/CT

imaging to determine the distribution of each radiotracer

independently. Simultaneous dosing of simulated semen

(gadolinium-labeled HEC gel) with HIV surrogates (99mTc-

SC and 111In leukocytes) enables the use of both MR imaging

and SPECT/CT to analyze semen and HIV surrogate distri-

bution. This noninvasive imaging method enables quantita-

tive assessments of HIV surrogate distribution in the vagina

after coitus, without disrupting the distribution of contents

within the lumen of the vagina with invasive sampling

methods. This also allows repeated assessments over time,

which would be limited primarily by radiolabel half-life.

Coincidental distribution analysis using SPECT revealed

vaginal distribution of both HIV surrogates, which were

most often characterized by pericervical and forniceal

pooling. There was no detectable intrauterine distribution.

Similarly, MR imaging using a 559-g/mol–molecular weight

Figure 1. Single photon emission computed tomography with
computed tomography (SPECT/CT) distribution of human immunodefi-
ciency virus (HIV) surrogates after simulated vaginal intercourse.
SPECT/CT fusion image shows the distribution of radioactivity in the
indium 111 window (A ) (cell-associated HIV surrogate) and technetium
99m window (B ) (cell-free HIV surrogate) after 1 h. The anatomic
distributions of both surrogates at SPECT are similar, and endometrial
distribution is not evident. Bottom images are maximal intensity
projections; top images, center-section sagittal images.

728 d JID 2012:205 (1 March) d Louissaint et al



gadolinium-labeled molecule did not show any intrauterine

distribution on MR images. All dosed moieties were de-

tectable by imaging up to 4–5 hours after dosing, the time

of the last imaging studies. These findings also revealed that

distribution of both surrogates was practically identical in

the initial period after dosing but appeared to diverge

somewhat at later time points. The reason for this divergence

is unclear; it may result from differences in surrogate affinity

for mucosal constituents or colloidal characteristics. This

divergence needs to be confirmed with HIV particles in place

of our surrogate. For now, the divergence of the HIV sur-

rogates over time suggests that future microbicide distribu-

tion studies may need to be performed coincidently with

the most widely distributed HIV surrogate in order to cap-

ture the widest distribution possible. It remains, however,

for us to validate the HEC semen simulant distribution in

direct comparison with human semen. Important differences

include lower viscosity of human semen after liquefaction

and the presence of seminal prostaglandins, which affect

uterine contractility.

It was anticipated that the signal associated with our HIV

surrogates would be detected in the uterine cavity, based on

findings of previous studies using 99mTc-labeled human albumin

microspheres (reported to be similar in size to spermatozoa)

that showed radiolabel distribution in the uterus, fallopian

tubes, and peritoneal space after deposition into the vaginal

fornices [17, 19, 20]. These studies, which employed human

albumin microspheres, used an uncertain delivery vehicle and

prolonged maintenance of the supine position. In contrast, there

are also numerous other studies of vaginally dosed gels using

imaging of small molecules (typically diethylenetriaminepenta-

acetic acid [DTPA]) with gamma scintigraphy or MR imaging

that consistently demonstrate no uterine distribution [14–16,

22, 27, 28]. Subjects in our study, and most of the other

studies without uterine distribution, had many of these fac-

tors in common, in contrast to the microsphere studies. For

example, most of the studies without uterine distribution

used lower radiation doses and allowed ambulation after

early imaging, which is associated with increased proximal

distribution [28, 29] and may result in increased loss of signal

from the vagina.

The polymer gel vehicles used in most of the nonuterine

distribution studies may have different release characteristics

that slowed or inhibited radiolabeled molecule release. Many

of these studies used small-molecule radiolabels (99mTc-

DTPA [molecular weight, 492 g/mol], In-DTPA [504 g/mol],

Gd-DTPA [590 g/mol], gadoteridol [559 g/mol), and we used

100-nm SC particles; all are well below the spermatozoa-sized

microsphere molecule. The exception to smaller-molecule

radiolabels in studies showing no uterine distribution studies

is our radiolabeled lymphocytes, which are much larger than

microspheres. Uterine peristaltic activity may explain the

rapid microsphere migration; this peristalsis may be sensitive

to specific molecular triggers that differ among radiolabels

used. It is unclear which of these factors (specific-size sieving,

stimuli to peristaltic activity, loss of radiolabel, lower radia-

tion dose, and delivery vehicle chemistry) contributed to

differences in uterine distribution. Future researchers would

be well advised to take account of potentially influential

physiologic variation, including differences in cervical mucus,

Figure 2. Magnetic resonance imaging (T1-weighted) detection of female genital tract anatomy and gadolinium-labeled hydroxyethylcellulose gel
distribution in the sagittal (A ) and transaxial (B ) views, 2 hours after dosing in a representative subject. A. fornix, anterior fornix; C. os, cervical os;
P. fornix, posterior fornix; SP, symphysis pubis.
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which varies with menstrual phase, and the effects of seminal

prostaglandins on uterine contractility. Whatever the cause,

even if our method was insensitive to uterine distribution,

the relative uterine distribution was many orders of magnitude

lower than the dose delivered to the pericervical area, given the

precipitous drop in concentration from the highest concentra-

tion at the cervical os and fornices to an unmeasured signal

below detection limits in the endometrial cavity.

Confirmation of the absence of uterine distribution of HIV

surrogates is critical, because it implies that vaginal gels, films, or

drug-eluting rings, whose active ingredients distribute to intra-

vaginal locations alone, may be adequate. Direct sampling of the

endometrial cavity with sheathed brushes may help determine

whether any radioactivity is present within the uterus. However,

the potential for radioactive contamination of the sheathed

brush during passage through the ‘‘hot’’ pericervical area may not

achieve a clear result. More physiologic postcoital conditions,

possibly including fresh ejaculate with motile spermatozoa

and seminal plasma, are needed to finally rule out uterine distri-

bution of HIV-sized particles deposited along with ejaculate.

Although noninvasive imaging is a useful tool to measure

distribution, direct sampling is helpful to determine the

concentration of HIV surrogates or drug concentration at

specific sites within the tissue, in contrast to more continuous

SPECT/CT and MR imaging. The amount of radioactivity

associated with the tissue biopsy samples, and the cells ex-

tracted from the tissue matrix, reveals that both surrogates

associate with the tissue (and tissue cells) for up to 8 hours

after dosing. HIV surrogates may simply be trapped superfi-

cially on the mucosal surface or may have migrated within

the epithelial cell layer and/or mucosal tissue. Resolving this

question requires further methodologic development. The

association of both HIV surrogates with tissue biopsy samples,

seen in vaginal tissue after vaginal exposure here and in rectal

tissue after rectal exposure in another study, suggests that both

forms of HIV may be relevant sources of HIV transmission in

both the female genital tract and the distal colon [30].

A key concern with local sampling is the impact of sampling

instrumentation on HIV surrogate distribution through either

distortion of distribution or contamination of the radiolabel

A B C

Figure 3. Correlation between radioactivity detected by direct sampling with endoscopic brushes and single photon emission computed tomography
with computed tomography (SPECT/CT) in 3 representative subjects. A, B, Distribution of radioactivity at 1-h (A) and 3-h (B) SPECT/CT. C, Radioactivity
distribution as measured by cytobrush sampling 7 hours at dosing.
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from one area of the female genital tract to another. Samples

were collected from the vagina moving toward the cervix, the

site of greatest signal intensity, to minimize contamination of

low-signal areas with areas of high signal. Because the cyto-

brush was placed in the vagina unsheathed, contamination

from other sites was possible, especially for the cervical canal

samples. The insertion of the vaginal speculum and the col-

lection of a large-volume CVL sample are factors that would

have altered natural distribution. However, only biopsy

samples were obtained after the CVL, so the expected impact

of the CVL on the tissue measurements is small. Finally, the

qualitative correlation of direct sampling and imaging results

suggests that the impact of sampling methods on distribution

was insignificant.

The limitations of our study design and methods suggest that

several future studies are needed to better validate or explain our

findings. These studies include (1) validation of cell-free HIV

distribution, comparing our surrogate and autologous HIV in

infected individuals; (2) validation of the HEC semen surrogate

by comparison with partner ejaculate, using HIV-radiolabeled

surrogates; and (3) combined autoradiographic and histologic

analysis of tissue biopsy samples after simulated HIV exposure

to confirm that our finding of radiolabeled tissue samples ac-

tually represents HIV surrogates beyond the surface or epithelial

layer of the tissue.

We demonstrated the feasibility of assessing the distribution

and migration of HIV surrogates within the female genital tract

by using complementary indirect imaging and direct sampling

methods as a first step toward understanding the distribution of

HIV after receptive vaginal intercourse. Validation against more

physiologic postcoital conditions remains to be done. This is

especially important for establishing whether or not vaginal

microbicides need to be distributed into the uterine cavity to

outdistance and outlast HIV.
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Figure 4. Luminal radioactivity at each anatomic location measured after direct sampling with cytobrushes. A, Indium 111 (111In) radioactivity at each
site relative to total dose. B, Technetium 99m (99mTc) radioactivity at each site relative to total dose.
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