
UCSF
UC San Francisco Previously Published Works

Title
Tenofovir diphosphate concentrations and prophylactic effect in a macaque model of rectal 
simian HIV transmission

Permalink
https://escholarship.org/uc/item/7768z5q3

Journal
Journal of Antimicrobial Chemotherapy, 69(9)

ISSN
0305-7453

Authors
Anderson, Peter L
Glidden, David V
Bushman, Lane R
et al.

Publication Date
2014-09-01

DOI
10.1093/jac/dku162
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7768z5q3
https://escholarship.org/uc/item/7768z5q3#author
https://escholarship.org
http://www.cdlib.org/


Tenofovir diphosphate concentrations and prophylactic effect
in a macaque model of rectal simian HIV transmission

Peter L. Anderson1*, David V. Glidden2, Lane R. Bushman1, Walid Heneine3 and J. Gerardo Garcı́a-Lerma3

1The Department of Pharmaceutical Sciences, University of Colorado Denver, 12850 E. Montview Blvd, Aurora, CO 80045, USA;
2The Department of Epidemiology and Biostatistics, University of California San Francisco, 185 Berry St W., San Francisco, CA 94143, USA;

3The Laboratory Branch, Division of HIV/AIDS Prevention, Centers for Disease Control, 1600 Clifton Rd, Atlanta, GA 30329, USA

*Corresponding author. Department of Pharmaceutical Sciences, Skaggs School of Pharmacy and Pharmaceutical Sciences, University of Colorado
Anschutz Medical Campus, V20-C238, Room 4101, 12850 E. Montview Blvd, Aurora, CO 80045, USA. Tel: +1-303-724-6128;

Fax: +1-303-724-6135; E-mail: peter.anderson@ucdenver.edu

Received 3 February 2014; returned 7 March 2014; revised 7 April 2014; accepted 10 April 2014

Objectives: This study evaluated the relationship between intracellular tenofovir diphosphate concentrations
in peripheral blood mononuclear cells and prophylactic efficacy in a macaque model for HIV pre-exposure
prophylaxis (PrEP).

Methods: Macaques were challenged with simian HIV (SHIV) via rectal inoculation once weekly for up to 14 weeks.
A control group (n¼34) received no drug, a second group (n¼6) received oral tenofovir disoproxil fumarate/
emtricitabine 3 days before each virus challenge and a third group (n¼6) received the same dosing plus another
dose 2 h after virus challenge. PBMCs were collected just before each weekly virus challenge. The relationship between
tenofovir diphosphate in PBMCs and prophylactic efficacy was assessed with a Cox proportional hazards model.

Results: The percentages of animals infected in the control, one-dose and two-dose groups were 97, 83 and 17,
respectively. The mean (SD) steady-state tenofovir diphosphate concentration (fmol/106 cells) was 15.8 (7.6) in
the one-dose group and 30.7 (10.1) in the two-dose group. Each 5 fmol tenofovir diphosphate/106 cells was
associated with a 40% (95% CI 17%–56%) reduction in risk of SHIV acquisition, P¼0.002. The tenofovir diphos-
phate concentration associated with a 90% reduction in risk (EC90) was 22.6 fmol/106 cells (95% CI 13.8–60.8).

Conclusions: The prophylactic EC90 for tenofovir diphosphate identified in macaques exposed rectally compares
well with the EC90 previously identified in men who have sex with men (MSM; 16 fmol/106 cells, 95% CI 3–28).
These results highlight the relevance of this model to inform human PrEP studies of oral tenofovir disoproxil
fumarate/emtricitabine for MSM.

Keywords: HIV pre-exposure prophylaxis, non-human primate model, intracellular pharmacology, pharmacodynamics, nucleoside
analogues

Introduction
HIV pre-exposure prophylaxis (PrEP) involves the administration of
antiretroviral therapy prior to potential HIV exposures to prevent
HIV acquisition. It is intended for individuals at high risk of HIV
infection, including injection drug users, men who have sex with
men (MSM), sero-discordant couples and heterosexual adults.
Traditional Phase 1–2 drug development for PrEP is challenging
because efficacy is measured as the rate of HIV acquisition.1

The generally low rates of HIV infection (,1%–9%), even in high-
risk populations, mean that large sample sizes are required for
proof of concept and dose-ranging studies.1 – 7 For these reasons,
non-human primate (NHP) and humanized mouse models are
especially important in the development and evaluation of PrEP

therapies.8,9 Animal models enable investigators to control the
virus challenges and drug dosing, thereby providing a cost-
effective way to advance the most promising PrEP regimens
towards Phase 3 clinical trials.

NHP models were pivotal in the development, evaluation and
eventual approval of oral tenofovir disoproxil fumarate/emtricita-
bine for PrEP.9 In particular, the repeat low virus dose macaque
model was used extensively to measure the efficacy of different
oral tenofovir disoproxil fumarate/emtricitabine regimens against
mucosal transmission. These models demonstrated that daily
and intermittent oral tenofovir disoproxil fumarate/emtricitabine
provided high efficacy during weekly rectal virus challenges.10 – 12

This pre-clinical work provided proof of concept of efficacy for
clinical trials in humans, including the iPrEx study in MSM and
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transgendered women.13 The iPrEx study randomized MSM at high
risk of HIV infection to daily placebo versus tenofovir disoproxil
fumarate/emtricitabine.4 The study demonstrated 44% efficacy
for tenofovir disoproxil fumarate/emtricitabine versus placebo,
but variable adherence appeared to play a major role in efficacy
in this PrEP trial, as well as others.2 – 7 In iPrEx, a post hoc analysis
was performed evaluating the relationship between intracellular
tenofovir diphosphate, the pharmacologically active moiety of
tenofovir, and HIV-1 risk reduction. The analysis identified a
90% effective concentration (EC90) value of 16 fmol/106 cells
(95% CI 3–28) in viably cryopreserved peripheral blood mono-
nuclear cells (PBMCs); this was the concentration associated with
90% reduction in risk of HIV acquisition compared with placebo.14

This type of information is important because it can help set target
concentrations for studying alternative dosing regimens.

The availability of human efficacy and concentration–effect
data such as that described for iPrEx provides an opportunity to
evaluate how well the repeat low-dose macaque model corre-
lates with the human results. Strong correlation would support
using the NHP model and corresponding target concentrations
for studying alternative dosing regimens. The aim of the present
study was to estimate the concentration –effect relationship
between intracellular tenofovir diphosphate and reduced risk of
virus acquisition in the macaque rectal challenge model.

Methods

Study design
The methods and procedures for the repeat low-dose rectal challenge
model in macaques were described previously.10 – 12 Briefly, anaesthetized
adult rhesus macaques were inoculated once weekly for up to 14 weeks
with SHIVSF162P3, a chimeric virus with tat, rev and env coding regions
from HIV-1SF162 on the background of SIVmac239. Each weekly inoculation
consisted of 10 TCID50 or 7.6×105 RNA copies. The virus was introduced
atraumatically into the rectal vault with a gastric feeding tube. The ani-
mals remained anaesthetized and recumbent for 15 min after virus chal-
lenges. Blood for drug concentrations (described below) was collected at
the time of each weekly virus challenge.

Two different tenofovir disoproxil fumarate/emtricitabine dosing strat-
egies were evaluated in the macaques. One group of six macaques were
given one tenofovir disoproxil fumarate/emtricitabine dose 3 days prior to
each weekly virus challenge (23 days). A second group of six macaques
were given two tenofovir disoproxil fumarate/emtricitabine doses: one
3 days prior to each weekly virus exposure and another dose 2 h after
each weekly virus exposure (23 days/+2 h). All doses consisted of
20 mg/kg of emtricitabine and 22 mg/kg of tenofovir disoproxil fumarate,
prepared in PBS buffer and delivered orally via a gastric tube to anaesthe-
tized macaques. These doses, although �6-fold higher on an mg/kg basis,
were shown previously to approximate human plasma concentrations
obtained with 200 mg of emtricitabine and 300 mg of tenofovir disoproxil
fumarate.11 A total of 34 control animals underwent the same once-
weekly virus challenges using the same virus with the same procedures,
but did not receive drug. The virus challenges and infection of the 34 control
animals occurred between 2004 and 2010. Of the 34 controls, 20 were his-
torical controls exposed and infected between 2004 and 2007, 11 were
real-time controls for the 23 day/+2 h and 23 day studies performed in
2008/2009 and 3 were controls exposed and infected in 2010.11 All SHIV
inoculations were prepared from the same NIH virus stock maintained in
liquid nitrogen until use. The median time for infection in the real-time con-
trols was 1 inoculation (min., max.¼1, 6) and the median time for infection
in historical controls was 2 inoculations (min., max.¼1, 12) (P¼0.39,

Mann–Whitney test). All procedures and animal care were reviewed and
approved by the CDC Institutional Animal Care and Use Committee.

SHIV infection was assessed with weekly SHIV RNA assays using a real-
time PCR assay with a sensitivity of 50 copies/mL.11 Virus-specific anti-
bodies were tested using a synthetic peptide enzyme immunoassay.
Animals in the PrEP arms were considered protected from systemic SHIV
infection if they remained seronegative and negative for SHIV plasma RNA
and SHIV DNA in PBMCs during PrEP and during the 70 days of washout in
the absence of any drug treatment. An eclipse phase of 7 days was used
and the time of infection was defined as the week before the first evidence
of SHIV RNA positivity in plasma.

Viably cryopreserved PBMCs were processed from the blood that was
collected from all treated macaques at the time of each weekly virus chal-
lenge. These viral challenge procedures generally lasted 40–60 min, during
which time the blood was collected. The blood collections were the same
time post-dose for all macaques (3 days after drug dosing); however, the
23 day/+2 h group had two doses per week whereas the 23 day group
had just one dose per week.

Tenofovir diphosphate and emtricitabine triphosphate were measured in
the viably cryopreserved PBMC samples using methods and procedures
described previously.4,14,15 Briefly, the PBMC sample was thawed quickly in
a 378C water bath followed by rapid dilution with pre-warmed PBS. Red
blood cells were lysed if contamination was visible. Cells were counted
with an automated haemocytometer (Countess, Invitrogen) and viability
and total cell count were recorded. Cells were washed and lysed with 70%
methanol in water and stored at 2808C until LC-MS/MS analysis. Tenofovir
diphosphate and emtricitabine triphosphate were quantified in the lysed
cellular matrix using a validated LC-MS/MS assay, as described previously.15

The quantifiable linear range for tenofovir diphosphate was 2.5–2000 fmol
per sample and that for emtricitabine triphosphate was 0.1–200 pmol per
sample. Approximately 4 million total cells were extracted, constituting
the sample, and results were reported as fmol or pmol per million viable cells.

Data analysis
The sample size of n¼6 for the dosing experiments was selected based on
power calculation methods adapted from Regoes et al.16 This sample size
maintains sufficient power (.80% power and 5% significance level) within
a wide range of infection probabilities in treated animals and has been
extensively used in PrEP evaluation with the repeat low-dose model as
described here.11,17 – 19

The concentration–effect data were analysed using a Cox proportional
hazards model with the Efron method for ties. Alternative approaches
were evaluated for tied infection times (multiple animals infected at the
same challenge week), including ‘exact’ methods,20 but this did not mean-
ingfully change the results. The effect of tenofovir diphosphate concentra-
tion on the rate (hazard) of HIV infection for the kth challenge was
modelled as:

l(tk) = l0(tk)eb∗TFV-DP

where b represents the ln hazard ratio associated with the level of tenofo-
vir diphosphate and l0 (tk) represents the rate of HIV infection at the kth
challenge in a control animal with no PrEP. The concentration of tenofovir
diphosphate associated with a g% reduction in risk of HIV infection was
estimated as:

ln
{1 − g/100}

b

The results were evaluated for sensitivity to the log-linear link between the
hazard function and tenofovir diphosphate concentration. Exploration
using cubic splines did not result in a statistically significant improvement
in model fit. All confidence intervals and P values were based on the Wald
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test. The same methods were also used to evaluate concentration–effect
relationships with emtricitabine triphosphate.

Single and multiple imputations were applied to missing tenofovir
diphosphate concentrations. The single imputation used a value predicted
by the fit of a mono-exponential curve to the animal’s existing data (see
below). Multiple imputation started with the same initial fitted value but
added as uncertainty a 30% coefficient of variation.

The drug concentrations were averaged for each study day then fitted
to a mono-exponential curve [Ct¼Css×(12e2K×t)] to estimate half-life
using least squares regression with GraphPad Prism, where Ct is the aver-
aged drug concentration at time t, Css is the fitted steady-state drug con-
centration and K is the fitted first-order elimination rate constant. The
half-life was derived as ln(2)/K. For the pharmacokinetic analyses, drug
concentrations that were below the limit of quantification were set to
one half the lower limit of quantification (i.e. 0.05 pmol/sample). This
was applied to emtricitabine triphosphate only.

Results

Virological outcomes

Thirty-three of 34 (97%) control animals acquired SHIV infection, 18
(55%) within the first two weekly inoculations. This compared with
five out of six (83%) animals acquiring SHIV in the 23 day group,
one (20%) at the second inoculation and four (80%) after the
second inoculation. Virus inoculations were stopped in this group
after seven exposures because of lack of efficacy in an interim ana-
lysis. Only one out of six (17%) animals in the 23 day/+2 h group
acquired SHIV, at the second inoculation. The remaining five ani-
mals in this group remained seronegative and virus RNA and DNA
negative after a total of 14 inoculations and the entire follow-up
period. The Kaplan–Meier analysis is shown in Figure 1.

Drug concentrations

In the 23 day/+2 h group, the mean (SD) tenofovir diphosphate
concentration increased �2-fold, from 14.9 (5.8) fmol/106 cells
after week 1 (i.e. the first dose) to 30.7 (10.1) fmol/106 cells

after 4 weeks. Concentrations in the 23 day group ranged from
10.4 (2.6) after dose 1 to 15.8 (7.6) fmol/106 cells at the 5th
week (Figure 2a). No tenofovir diphosphate concentrations were
below the limit of quantification (BLQ). For imputations, a single
tenofovir diphosphate value of 16.9 was imputed at week 6 for
the one uninfected animal in the 23 day group. For each of the
five uninfected animals in the 23 day/+2 h group, 10 tenofovir
diphosphate values were imputed to account for weeks 5–14 (a
total of 50 imputations). The single imputations ranged from 17.4
to 50.5 fmol/106 cells. The multiple imputations added 30% vari-
ability to the single imputation values.

The mean (SD) emtricitabine triphosphate concentrations in
the 23 day/+2 h group ranged from �0.075 (0.039) to 0.094
(0.043) pmol/106 cells, with evidence of a modest accumulation
of drug (�20%). Three of 22 emtricitabine triphosphate concen-
trations were BLQ. The concentrations in the 23 day group ranged
from �0.049 (0.024) to 0.064 (0.026) pmol/106 cells with little or
no evidence of drug accumulation (Figure 2b). Eight of 23 concen-
trations were BLQ. The mono-exponential regression fit to these
means is also depicted. The estimated accumulation half-lives
were �110 h for tenofovir diphosphate and 26 h for emtricitabine
triphosphate. The median (IQR) viability of the cryopreserved
PBMC samples was 71% (64%–75%).

Concentration–effect analysis

An analysis of tenofovir diphosphate that used single imputation
(without adding 30% variability) demonstrated that each 5 fmol/
106 cells of tenofovir diphosphate was associated with a 40%
reduction in risk of SHIV acquisition (95% CI 22% –60%,
P,0.0001). The concentration associated with a 90% reduction
in risk (EC90) was 22.6 (95% CI 12.7 –47.5) fmol/106 cells.
Multiple imputation gave similar estimates: each 5 fmol/106

cells of tenofovir diphosphate was associated with a 40% (95%
CI 17% –56%) reduction in risk of SHIV acquisition (P¼0.002)
and the EC90 was 22.6 (95% CI 13.8–60.8) fmol/106 cells. The
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relationship between SHIV risk reduction and tenofovir diphosphate
concentration is depicted in Figure 3. For emtricitabine triphos-
phate, each 0.20 pmol/106 cells was associated with a 41%
(95% CI 9%–61%) reduction in risk of SHIV acquisition
(P¼0.0032). The concentration associated with a 90% reduction
in risk (EC90) was 0.089 (95% CI 0.045–0.28) pmol/106 cells.
However, only three animals that contracted SHIV had quantifiable
emtricitabine triphosphate (0.03, 0.05 and 0.07 pmol/106 cells). In
a model that combined both emtricitabine triphosphate and teno-
fovir diphosphate, neither was independently significant.

Discussion
This study identified a significant relationship between tenofovir
diphosphate concentrations in viably cryopreserved PBMCs with

risk of SHIV acquisition in an NHP model, such that each increase
of 5 fmol/106 cells corresponded to a 40% reduction in SHIV infec-
tion risk. Although the superior efficacy in the 23/+2 group was
explained by higher tenofovir diphosphate concentrations, the
effect of dose timing relative to the viral challenge (i.e. the timing
of the +2 h dose) could not be separated from that of the higher
tenofovir diphosphate concentration. Further studies are needed
to determine the independent effect of dose timing on efficacy.

An estimated EC90 of 22.6 (95% CI 13.8–60.8) fmol/106 cells
was identified in this NHP model. This value compares well with
the EC90 value estimated in participants in the iPrEx study of 16
(95% CI 3–28) fmol/106 cells.14 The cell samples and tenofovir
diphosphate concentrations from both iPrEx and this study were
processed and analysed in the same laboratory with the same
procedures, assays and instruments. The median and IQR of
PBMC viability were also very similar in this study (71%, 64%–
75%) compared with the iPrEx analysis (66%, 56%–76%), further
supporting the comparability of the data.14

HIV acquisition in MSM and this macaque model are compar-
able in other ways, relevant to these new findings. The repeated
virus challenges to the rectal mucosa in the macaques were
designed to simulate sexual activity over time in humans, such
as might be expected in the iPrEx trial.4 The SHIV virion encodes
an R5-tropic HIV envelope that resembles most transmitted
HIV.21 The susceptibilities to tenofovir in cell systems are in the
same range for SHIV (IC50 �0.3–1.7 mM) and HIV (IC50 �0.2–
3.6 mM).22 – 25 Susceptibilities to emtricitabine are also similar for
SHIV (IC50 �0.1 mM) and HIV (IC50 �0.4 mM).22,24 Values from
cell-free assays for tenofovir diphosphate are also similar for
SHIV (IC50 �0.3 mM) and HIV (IC50 �0.2–0.45 mM).22 – 24

In addition to these similarities, there are some important dif-
ferences to consider.1 First, virus inoculations in the macaque
model are atraumatic, the inocula are relatively homogeneous
and exposures are done in the absence of semen. Second, the
virus doses in the macaques (�760000 copies per dose) were
slightly higher than HIV loads in human semen during acute HIV
infection (�32000 copies/mL, although the volume of ejaculate
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determines the total virus load), such that macaque infection was
ensured after a median of only two exposures as opposed to HIV
acquisition in humans, which is generally less efficient.26 Modelling
studies suggest that higher tenofovir diphosphate concentrations
are needed for larger viral inoculum sizes.27 Future studies should
evaluate the effect of varying viral inoculum sizes on the tenofovir
diphosphate EC90.

This study was not designed to define tenofovir diphosphate
and emtricitabine triphosphate pharmacokinetics in macaques,
so an assumed first-order pharmacokinetic model was fitted to
the averaged concentration over time (Figure 2). The fitted half-
lives for tenofovir diphosphate and emtricitabine triphosphate
were 110 and 26 h, respectively, similar to previous studies in
macaques, as well as humans (60–160 h for tenofovir diphos-
phate and 30 –50 h for emtricitabine triphosphate).11,28 – 33

However, the fitted steady-state tenofovir diphosphate concen-
trations in this study were moderately different from concentra-
tions in humans. The results of the present study can be
compared with human concentrations arising from the STRAND
study, which evaluated two, four and seven tenofovir disoproxil
fumarate doses per week of directly observed dosing in 24
HIV-negative volunteers.14 At steady state, tenofovir diphosphate
was measured in viably cryopreserved PBMCs with the same pro-
cedures and assay as in this study. The corresponding median
(IQR) tenofovir diphosphate concentrations in the STRAND study
were 11 (6–13), 32 (25 –39) and 42 (31 –47) fmol/106 cells,
respectively. An important difference between the studies was
that in the two doses per week arm in STRAND the doses were
given on two consecutive days (Tuesday and Wednesday) and
the PBMCs were collected up to 140 h post-dose, whereas the pre-
sent study separated the doses by 3 days, which will result in
reduced fluctuation in concentrations.34 Nevertheless, it appears
that the median (IQR) concentrations in macaques for two doses
per week were about the same as the concentrations in humans
for four doses per week: 30.9 (22.2–39.2) and 32 (25–39) fmol/
106 cells, respectively. It is important to recognize that this study
and the iPrEx/STRAND studies assayed tenofovir diphosphate/
emtricitabine triphosphate from viably cryopreserved PBMCs.4,14

Traditionally, PBMC samples for intracellular drug analysis are
immediately processed and lysed. Some drug loss and increased
variability occurs with cell processing for viably cryopreserved
cells.14 For these reasons, we suggest that additional studies be
conducted to compare the cellular pharmacology of tenofovir/
emtricitabine in macaques versus humans.

Emtricitabine triphosphate was also associated with antiviral
effect in this study, but the effect was not independent of tenofo-
vir diphosphate and fewer emtricitabine triphosphate concentra-
tions were above the lower limit of quantification compared with
tenofovir diphosphate, consistent with the shorter emtricitabine
triphosphate half-life. This led to uncertainty in the emtricitabine
triphosphate EC90 estimate, suggesting that further study is
needed that focuses on the relationship of emtricitabine triphos-
phate with efficacy.

The present study did not include drug concentrations in the
mucosal or lymphatic tissue, where initiation of SHIV and HIV
infection likely takes place.35 It has been hypothesized that drug
concentrations in mucosal tissues may better reflect prophylactic
effect, particularly for topical administration, such as vaginal
tenofovir gel or tenofovir disoproxil fumarate vaginal ring
dosing.36 – 40 For vaginal tenofovir dosing, several human and

macaque studies have identified concentration–effect relation-
ships. A cervicovaginal tenofovir concentration of ≥1000 ng/mL
was associated with protection against HIV or SHIV acquisi-
tion.38 – 40 Studies in macaques have identified an EC90 for tenofo-
vir diphosphate in vaginal lymphocytes of �700–900 fmol/106

cells.39,40 However, the need for these vaginal tenofovir concen-
trations with oral dosing is less clear.36,41 For example, the vaginal
drug concentrations achieved by oral dosing are �100-fold lower
than those from topical gels and far below the thresholds
1000 ng/mL and 700–900 fmol/106 cells achieved with gel,30,42

but oral tenofovir disoproxil fumarate was shown to be highly
effective in women,43 suggesting an important role for the higher
systemic drug concentrations achieved with oral dosing in women.

Both tenofovir and tenofovir diphosphate accumulate in rectal
tissue and rectal mononuclear cells following oral dosing in maca-
ques and humans at levels higher than those achieved in
PBMCs.11,30,44,45 As one example in humans, steady-state tenofo-
vir diphosphate was 1846 fmol/106 cells in rectal mononuclear
cells versus 98 fmol/106 cells in PBMCs among 17 HIV-negative
individuals receiving daily oral tenofovir disoproxil fumarate/
emtricitabine for 30 days (note that cells were immediately pro-
cessed and freshly lysed in this study).30 This PBMC concentration
(98 fmol/106 cells) is �2.5-fold higher than the estimated EC90

from iPrEx, which was estimated at 40 fmol/106 cells for freshly
lysed cells (and 16 fmol/106 for viable cells).14 The corresponding
rectal mononuclear cell concentration is 738 fmol/106 cells
(1846 fmol/106 cells/2.5), which is similar to the value identified
in vaginal tissue cells from macaques.39 A similar value was also
identified using an ex vivo tissue infectivity approach in humans.46

Taken together, these findings suggest that oral dosing provides
high tenofovir diphosphate concentrations both systemically as
well as in rectal tissue, providing a two-pronged barrier to HIV
and SHIV infection. Further studies are needed to better under-
stand the importance of route of administration and tissue con-
centrations on PrEP efficacy.

In conclusion, this study found a similar EC90 for tenofovir
diphosphate in macaques compared with humans (23 versus
16 fmol/106 cells) for prevention of rectal SHIV/HIV acquisition.
Additional studies are needed to validate this finding and to
extend the research to macaque models of vaginal transmission
and to other animal models in the field that were not evaluated in
this study, such as RAG-hu and humanized BLT mice.1,47,48 Future
work should attempt to demonstrate that the pharmacological
conditions achieved in the animal model can be (or are) achieved
in humans. Such studies can help support these models, which
play an important role in the development and evaluation of
PrEP therapies.
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