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Abstract

Objective: To estimate time of HIV infection in participants from the Bangkok Tenofovir Study 

(BTS) with daily oral tenofovir disoproxil fumarate (TDF) for preexposure prophylaxis (PrEP) and 

relate infection with adherence patterns.

Design: We used the diversity structure of the virus population at the first HIV RNA-positive 

sample to estimate the date of infection, and mapped these estimates to medication diaries 

obtained under daily directly observed therapy (DOT).

Methods: HIV genetic diversity was investigated in all 17 PrEP breakthrough infections and in 

16 placebo recipients. We generated 10–25 HIV env sequences from each participant by single 
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genome amplification, and calculated time since infection (and 95% confidence interval) using 

Poisson models of early virus evolution. Study medication diaries obtained under daily DOT were 

then used to compute the number of missed TDF doses at the approximate date of infection.

Results: Fifteen of the 17 PrEP breakthrough infections were successfully amplified. Of these, 

13 were initiated by a single genetic variant and generated reliable estimates of time since 

infection (median = 47 [IQR = 35] days). Eleven of these 13 were under daily DOT at the 

estimated time of infection. Analysis of medication diaries in these 11 participants showed 100% 

adherence in five, 90–95% adherence in two, 55% adherence in one, and nonadherence in three.

Conclusion: We estimated time of infection in participants from BTS and found several 

infections when high levels of adherence to TDF were reported. Our results suggest that the 

biological efficacy of daily TDF against parenteral HIV exposure is not 100%.
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Introduction

With approximately 37.9 million people living with HIV-1 at the end of 2018 and 1.7 

million people newly infected in 2018, the HIV-1 epidemic continues to be a major public 

health problem [1]. Daily preexposure prophylaxis (PrEP) with the combination of oral 

emtricitabine (FTC) and TDF is highly effective in preventing HIV-1 infection [2]. However, 

for PrEP to be effective, high medication adherence is required. Antiretroviral drug detection 

in plasma or peripheral blood mononuclear cells (PBMCs) is considered the best indicator of 

adherence, and in major PrEP trials was a good predictor of PrEP effectiveness [3–8].

Although assessing adherence by measuring drug concentrations in plasma or PBMCs has 

become essential for understanding PrEP effectiveness, this approach has limitations. Levels 

of tenofovir or FTC in plasma provide information about recently ingested doses, but not 

about consistency of drug dosing over time. Concentrations of tenofovir diphosphate (TFV-

DP) in PBMCs or dried blood spots provide information about pill-taking behavior and 

mean number of doses taken per week during the preceding 1–2 or 4–6 weeks, respectively 

[9–11]. However, these measurements provide average TFV-DP levels and cannot capture 

cycles of low adherence that may associate with increased HIV risk. A recent modeling 

study showed that PrEP adherence patterns had a substantial impact on protection even when 

the same number of pills was taken [12]. Optimally, measures of adherence should rely on 

pill-taking behavior and drug levels at the precise time of HIV-1 infection. This analysis can 

be done in trials where PrEP is administered under daily directly observed therapy (DOT) 

and HIV-1 testing is done frequently enough to identify persons in early stages of HIV 

acquisition (Fiebig stages I or II of infection).

In this study, we sought to characterize pill-taking behavior at the approximate date of HIV 

infection in participants from the Bangkok Tenofovir Study (BTS) study with daily oral 

TDF for PrEP among persons who inject drug (PWID) [6]. We first created adherence maps 

using medication diaries of participants who came to the clinics daily to receive study drug 
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(daily DOT) in the 3 months prior to seroconversion. We then calculated the approximate 

date of HIV infection (and 95% confidence interval) for each of these participants using 

Poisson models of early virus evolution. The Poisson-Fitter and Shifted Poisson Mixture 

models use the nucleotide diversity of the HIV-1 population to provide estimates of time 

since infection with 95% confidence intervals [13,14]. The underlying assumption is that 

during the early weeks of HIV-1 infection and prior to the onset of host immune responses, 

the virus population grows exponentially with a random accumulation of mutations [15]. 

The models are not influenced by viremia levels, assume a virus generation time of 2 days, 

a mutation rate of 2.16 × 10−5 mutations per base pair per cycle, and a basic reproductive 

ratio of 6 [16–18]. These mathematical tools have been extensively validated using HIV env 
sequences from individuals at Fiebig stages I–V of infection, and provide estimates of time 

since infection that generally fall within the range of Fiebig-based estimates [13,14,19,20].

We mapped the approximate date of infection in PrEP breakthrough infections from BTS 

with medication diaries generated under DOT, and document infections when high levels of 

adherence to TDF were reported.

Methods

Study samples

The BTS trial was a randomized, double-blind, placebo-controlled trial that evaluated the 

safety and efficacy of daily TDF in reducing HIV-1 transmission among PWID. In this trial, 

2413 participants were randomly assigned to daily TDF or placebo and could choose daily 

DOT (including weekends) or monthly visits without DOT. Participants were on DOT an 

average of 86.9% of the time with a median adherence on DOT of 94.8% [6].

We attempted to characterize HIV-1 genetic diversity in all 17 incident infections in the TDF 

group, and in 16 of the 33 incident infections from the placebo group. Of the 17 participants 

in the TDF group, amplification was not successful in two (TDF16 and TDF17, Table 1). 

Genetic diversity was investigated in plasma collected at the first HIV-1 RNA-positive visit. 

This visit coincided with the seroconversion visit (Genetic Systems HIV-1/HIV-2 plus O 

enzyme-immunoassay) in 12 of the 15 infections in the TDF group, and in 15 of the 16 

infections in the placebo group [6,21]. The concentrations of TFV in plasma collected at 

this visit were measured as previously described using validated high-performance liquid 

chromatography–tandem mass spectrometry methods with a lower limit of detection of 5 

ng/ml [22].

Single genome amplification of HIV-1 env and sequence analysis

Single genome amplification was performed following a standard protocol using primers 

specific for HIV-1 subtype B or AE [23,24]. Briefly, 30 μl of plasma HIV-1 RNA were 

added to a cocktail containing reverse primer envB3out (subtype B) or KenvR1 (subtype 

AE) and Superscript III reverse transcriptase (SSIII reverse transcriptase; Invitrogen). 

Reverse transcription was done at 50 °C for 60 min and 55 °C for 60 min. The cocktail was 

heated at 70 °C for 15 min to inactivate SSIII reverse transcriptase, and then treated with 

RNase H at 37 °C for 20 min to remove the RNA template. Serial dilutions of the reverse 
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transcriptase-generated cDNA were made to identify dilutions of cDNA resulting in less 

than 30% of positive wells by PCR. On the basis of a Poisson distribution, amplifications at 

this dilution represent sequences derived from a single cDNA template [25].

The first round of PCR amplification was performed using 1–2 μl of appropriately 

diluted cDNA and a cocktail containing Platinum Taq High-Fidelity (Invitro-gen, Carlsbad, 

California, USA) and primers envB5out/envB3out (subtype B) or K-R1 or NenvF1/K-R1 

or NenvR1 (subtype AE) [23,24]. A 1 μl volume was then used for a nested PCR reaction 

using primer pair envB5in/envB3in (subtype B) or K-R2 or NenvF2/K-R2 or NenvR2 

(subtype AE) [23,24]. PCR products were visualized on a 1% UltraPure Agarose gel 

(Invitrogen) using a BioRad SubCell GTgel apparatus and purified using the QIAquick 

PCR Purification Kit (Qiagen, German-town, MD USA). Sequences (~1 kb) representing 

the V1–V5 and flanking regions of HIV-1 env were obtained from 10 to 25 amplicons per 

sample. Sequencing was done with the BigDye Terminator v1.1 Cycle Sequencing kit in 

an ABI3130xl automated sequencer. We attempted to generate at least 20 sequences per 

participant although this was not always possible because of low viremias and limited 

plasma availability. Sequences with evidence of mixed bases (median of 1 (0–3) per 

participant) were excluded from the analysis.

Calculation of time since infection and computation of missed tenofovir disoproxil 
fumarate doses

The degree of virus genetic diversity seen in plasma corresponding to the first HIV-1 

RNA positive clinic visit was used to estimate time since infection using the Poisson-

Fitter tool or the Shifted Poisson Mixture Model (SPMM). Poisson-Fitter calculates time 

since infection in homogeneous infections, that is, initiated by a single genetic strain 

[13]. The tool (available at http://www.hiv.lanl.gov/content/sequence/POISSON_FITTER/

poisson_fitter.html) detects if the distribution of mutations in a set of HIV-1 sequences is 

indicative of a population evolving from a single variant through random accumulation of 

mutations. When the model is satisfied, Poisson-Fitter provides an estimate of time since 

infection with 95% confidence intervals. A small goodness-of-fit P value (<0.1) denotes 

divergence from a Poisson distribution and is indicative of heterogeneous infection or 

early onset of immune selection pressure [13]. We excluded hypermutated positions and 

hypermutated sequences found to be significantly enriched with a P value less than 0.1. This 

correction controls for APOBEC3G/F-mediated mutation enrichment that occurs at a higher 

rate than the background mutation rate.

A second model called the SPMM was used to calculate time since infection in multivariant 

infections. This model (available at http://p512.usc.edu/) segregates distinct viral lineages 

and assumes no preferential selection of a particular lineage within the first few weeks of 

infection [14]. A P value less than 0.05 implies a significant deviation from the model. 

Prior to analysis, the alignments were checked for recombination using Simplot and the 

Recombination Detection Program (RDP v4.94).

We first tested all the specimens by the Poisson-Fitter tool, and retested those that did not 

fit the model by SPMM. Interval estimates of time since infection (i.e. 95% confidence 

intervals) generated with Poisson-Fitter or SPMM were then integrated with each participant 
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study medication diaries to calculate the number of TDF pills missed within this period 

of time. We used Poisson point estimates to define the day of infection, and counted the 

number of TDF doses missed within the 95% confidence interval for this value (see Fig. 

1 for a schematic representation). To minimize potential bias associated with self-reported 

adherence, we limited our analysis to the 11 participants that were under daily DOT during 

the 3 months prior to HIV-1 diagnoses.

Analysis of the impact of daily tenofovir disoproxil fumarate on the length of the virus 
eclipse phase in a macaque model

To understand if drug pressure because of daily TDF might increase the length of the virus 

eclipse phase and alter Poisson-Fitter estimates, we examined data obtained from macaques 

infected with simian HIV (SHIV) while receiving placebo or daily PrEP with TDF or FTC/

TDF. We monitored time to first RNA detection in plasma after a single exposure to a high 

(1000 TCID50) dose of SHIV162p3. These macaques were part of studies assessing how 

high virus doses affect PrEP efficacy, and received placebo or daily PrEP with TDF [26] or 

FTC/TDF.

Phylogenetic analysis

Sequences were aligned and edited using Geneious software (version 10.0.9). Nucleotide 

alignments were prepared using ClustalW; all insertion and deletions were removed from 

the alignments prior to phylogenetic analysis. Estimates of virus diversity were done by 

pairwise analysis of individual sequences using the maximum composite likelihood method 

in MEGA (version 7.0.18), and the results are expressed as number of base substitutions 

per site. Patterns of env diversity in each infection were visualized using the highlighter tool 

(available at https://www.hiv.lanl.gov/content/sequence/HIGHLIGHT/highlighter_top.html).

Statistical analysis

Medians and interquartile ranges (IQRs) were calculated for virus diversity and plasma 

HIV-1 RNA concentrations by group (TDF and placebo infections). Statistical differences 

were evaluated for virus diversity and plasma HIV-1 RNA using the Wilcoxon rank-sum test 

to compare the TDF and placebo group. The proportion of infections initiated by a single 

genetic variant in the TDF and placebo groups was compared using the Fisher’s exact test. 

Analyses were completed using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina, 

USA).

Results

HIV-1 env diversity in participants taking daily tenofovir disoproxil fumarate preexposure 
prophylaxis

We attempted to characterize HIV-1 genetic diversity in the 17 participants from BTS 

that had incident infection while taking TDF PrEP. HIV diversity was investigated at the 

visit when HIV-1 RNA was first detected in plasma. At this visit, nine participants had 

detectable TFV in plasma, seven had TFV levels below the limit of quantification, and 

one (TDF4) did not have sufficient plasma for testing (Table 1). Median plasma HIV-1 

RNA concentration was 4.2 [interquartile range (IQR)=1.6] log10 RNA copies/ml. HIV-1 
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env was successfully amplified and sequenced in 15 of the 17 incident infections. For each 

participant, we generated 10–25 env sequences by single genome amplification. The median 

env diversity was 0.00126 (IQR = 0.00124) base substitutions per site or 1.26 mutations in 

1000 bp sequence. Of the 15 infections with available sequences, 13 (86.7%) were initiated 

by a single genetic variant. Supplementary Fig1, http://links.lww.com/QAD/B546 shows 

the highlighter plots generated in the 15 infections from the TDF group and illustrates 

how most of these infections were highly homogeneous. Participants TDF4 and TDF8 had 

multivariant infection (i.e. P value <0.1 denoting divergence from a Poisson distribution). 

A close evaluation of trial visits in these two participants showed that they missed their 

regularly scheduled visit during the 5 and 3 years preceding the specimen collection.

Comparison of virus diversity between infections in the tenofovir disoproxil fumarate and 
placebo groups

We next compared virus diversity and frequency of single variant infections among PrEP 

breakthrough infections and infections in the placebo group (n = 16). Eleven of the 16 

placebo infections (68.7%) were initiated by a single genetic variant (P = 0.22 compared 

with the TDF group) (Table 1 and Supplementary Fig. 2, http://links.lww.com/QAD/B546). 

Median env diversity in the placebo group [0.00151 (IQR = 0.00715) base substitutions per 

site] was similar to that seen in PrEP breakthrough infections [0.001265 (IQR = 0.00124), 

P = 0.71] (Fig. 2). A sub-analysis of env diversity limited to participants with single variant 

infections also showed no differences of virus diversity between the TDF and placebo 

groups (medians of 0.00122 (IQR = 0.000959) and 0.000571 (0.00145) base substitutions 

per site, respectively, P = 0.56].

Estimates of date of infection in participants assigned to tenofovir disoproxil fumarate or 
placebo

We next calculated the approximate date of infection using the Poisson-Fitter and SPMM 

tools. We generated reliable estimates of infection duration in all the 13 single variant 

infections from the TDF group, and in 11 of the 16 placebo participants including two (PL3 

and PL10) that were infected with multiple variants (Table 1). In the remaining participants, 

estimates of time since infection were unreliable as the data did not fit the underlying 

Poisson distribution models as indicated by a low (<0.1 for Poisson-Fitter and <0.05 for 

SPMM) goodness-of-fit P value (Table 1). The median time since infection in single variant 

infections from the TDF group was 47 days (IQR= 35) and was not statistically different 

from that seen in single-variant placebo infections [18 days (IQR= 44)] (P = 0.40). Median 

time since infection in the four participants that were NAT+ but seronegative was 10.5 days 

(IQR= 6) compared with 46.5 days (IQR= 37) among the 19 participants that were NAT+ 

and EIA+ (P < 0.01).

Analysis of preexposure prophylaxis adherence diaries at the estimated date of infection

We then used PrEP adherence diaries to count the number of TDF doses taken within the 

95% confidence interval of the estimated date of infection. Figure 3 shows the adherence 

diaries for each participant with incident infection as well as the number of TDF doses 

taken within this period of time. This analysis was limited to the 11 participants who took 

TDF under daily DOT to minimize potential bias from self-reported adherence [27]. In 

Council et al. Page 6

AIDS. Author manuscript; available in PMC 2024 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://links.lww.com/QAD/B546
http://links.lww.com/QAD/B546


five of the 11 participants (TDF2, TDF3, TDF6, TDF9, and TDF15), the entire interval 

estimates of infection fell within periods of 100% adherence according to medication 

diaries. Participants TDF2, TDF6 and TDF15 were 100% adherent during the 3 months 

prior to the first RNA-positive visit. Participant TDF3 missed eight TDF doses more than 8 

weeks prior to the first RNA-positive visit but was fully adherent during the interval estimate 

of infection. Participant TDF9 was reported 100% adherent during the estimated date of 

infection although adherence diaries document several weeks of nonadherence immediately 

before infection (Fig. 3). Adherence in two other incident infections (TDF11 and TDF12) 

was also very high according to medication diaries with only a few missed doses recorded 

immediately before or after the estimated day of infection. Participant TDF11 missed two 

doses of TDF 4–5 days prior to the estimated day of infection, whereas participant TDF12 

missed five TDF doses 4–5 days before or after the estimated day of infection (Fig. 3). In the 

remaining four participants (TDF1, TDF5, TDF13, and TDF14), infection occurred during 

periods of little or no adherence to daily TDF. In two participants (TDF1 and TDF12), TFV 

was undetectable in plasma at the first NAT+ visit despite reported adherence by DOT.

Impact of daily tenofovir disoproxil fumarate on the length of the virus eclipse phase as 
defined in a macaque model of infection with simian HIV

We investigated in macaques infected with SHIV if drug pressure because of daily TDF 

might increase the length of the virus eclipse phase and alter Poisson-Fitter estimates. Figure 

4 shows that time to first RNA detection was 7 days in untreated macaques, and that daily 

TDF increased the length of the virus eclipse phase to 7– 14 days (mean = 11.7; P = 

0.038). Although significant, the effect was smaller than that observed with daily FTC/ TDF 

combination (21 days; P = 0.015).

Discussion

We characterized early HIV-1 env sequences in participants with incident HIV-1 infection 

in a human PrEP trial with daily TDF in order to estimate the date of infection using 

well established mathematical models of early virus evolution. We sought to relate HIV 

infections with PrEP pill-taking behavior at the time when infection was most likely to have 

occurred. Our analysis found that five of the 11 participants tested had an estimated date 

of infection that fell within periods of 100% adherence as defined by adherence diaries 

obtained under daily DOT, though interruptions in PrEP adherence were also noted in two of 

these participants prior to the estimated time of infection. These cases suggest that daily oral 

TDF at the doses given may not provide complete protection from HIV infection through 

intravenous exposure. However, it is clear that oral TDF does provide protection given that 

in a subanalysis of the BTS data including all participants (i.e. those on and not on DOT), 

high adherence levels were associated with a 83.5% reduction in the risk of infection [28]. 

Alternative interpretations of our data can be made. Data in the adherence diaries under 

DOT may not have accurately reflected drug exposure in some cases, either because of data 

entry errors or other factors. For instance, we noted two participants (TDF1 and TDF12) 

with undetectable TFV in plasma at a visit that had reported adherence by DOT. In addition, 

substantial errors in our estimates of the date of infection may have obscured true infection 
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times during periods of poor regimen adherence. Such errors may be more pronounced 

among those participants that had a limited number of sequences generated by SGA.

We found that TFV did not have a significant effect on HIV env diversity at the first NAT+ 

sample, as the overall diversity in PrEP breakthrough infections was comparable to that 

seen in participants receiving placebo. This observation suggests that drug selective pressure 

in the reverse transcriptase originating from exposure to daily TDF during undiagnosed 

infection may not significantly affect HIV-1 env evolution, though additional studies with 

larger numbers of infections may be needed. Unfortunately, we did not have longitudinal 

specimens from macaques infected with SHIV during daily TDF to support this observation. 

However, estimates of infection duration in BTS participants as defined by env diversity 

correlated well with Fiebig staging as also found in other studies [13,14,19,20]; these 

estimates were 11 days in participants in Fiebig stages I/II (NAT+, antibody negative) 

compared with 47 days in those that were both nucleic acid testing (NAT) and antibody 

positive.

Our molecular approach to estimate time since infection has the potential to be applied 

to other PrEP modalities including topical products, implants and long-acting injectable 

formulations, where the availability of infection estimates may be particularly useful for 

defining drug concentrations associated with breakthrough infection. However, such analysis 

will require careful validation of Poisson-Fitter models and considerations on how more 

potent regimens can impact HIV-1 evolution and length of the virus eclipse phase. We noted 

that daily FTC/TDF in macaques could lengthen the virus eclipse phase from 7 to 21 days. 

In an earlier study, continued exposure of macaques to FTC/DTF was also associated with 

a reduction in env diversification [29]. Thus, estimations of time since infection with more 

potent drugs/drug combinations or novel PrEP modalities may require prior validation of 

Poisson models using for instance animal models of PrEP where exposure is done under 

controlled conditions and specimens collected frequently enough to precisely define acute 

infection dynamics. In the context of objective adherence measures, the Poisson tools may 

potentially help evaluate biological efficacy in real time, and inform decision making on 

whether a PrEP trial should continue or not.

Our study has several limitations. First, despite regular monitoring, it is possible that errors 

occurred during DOT study drug administration, data collection, and data entry. This might 

for instance explain the lack of detectable TFV in plasma at the first NAT-positive sample in 

participants TDF1 and TDF12 who were reported as adherent in that visit, although testing 

error or incomplete drug absorption/metabolism might also explain the findings. Second, 

it is possible that the administration of antiretroviral therapy lengthened the viral eclipse 

phase, affecting the accuracy of the estimated date of infection. Although not conclusive, 

our results in rhesus macaques infected rectally with simian HIV demonstrated only modest 

eclipse phase changes on the order of 4 days, suggesting that this effect may be minimal. 

However, this modest effect might be sufficient to explain infection in participant TDF9 that 

was reported as 100% adherent at the estimated date of infection but was nonadherent for 

several weeks immediately before. If this is the case, this participant would be erroneously 

reported as 100% adherent in our analysis.
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In conclusion, we applied molecular tools to estimate the day of infection among 

participants from a human PrEP trial with daily TDF, and mapped these estimates with 

pill-taking behaviors. Using this approach, we found that breakthrough infections may occur 

among potentially highly adherent PWID taking daily TDF PrEP. This finding is consistent 

with the overall biological efficacy of daily TDF against parenteral HIV-1 transmission 

being less than 100%, although we cannot exclude that some of the infections might 

have occurred through the sexual route. As new methods to measure daily adherence 

are developed and new PrEP regimens are evaluated in humans, our molecular approach 

provides a new tool that can help to better define the biological efficacy of PrEP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Computation of number of tenofovir disoproxil fumarate doses taken within the estimated 
date of infection.
The diversity structure of the virus population (highlighter plot) defined at the first nucleic 

acid testing positive (NAT+) sample using single genome amplification and sequence 

analysis is used to estimate date of infection using the Poisson Fitter or Shifted Poisson 

Mixture Model (SPMM). Estimates of date of infection are then integrated with adherence 

maps generated under daily directly observed therapy to compute the number of TDF doses 

taken within this period of time. One square represents 1 day (red = missed TDF dose; 

blue = TDF dose taken). Orange circle denotes the last negative EIA or NAT specimen. The 

estimated time of infection (and 95% CI) is indicated with a green line. The highlighter 

plot illustrates the changes observed in each individual sequence relative to the consensus 

(A: green, T: red, G: orange, C: light blue, IUPAC: dark blue, gaps: gray, circle: APOBEC 

signatures, diamond: G to A conversions). EIA, enzyme immunoassay; NAT, nucleic acid 

testing; TDF, tenofovir disoproxil fumarate.
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Fig. 2. HIV env diversity in incident infections from the Bangkok Tenofovir Study (BTS) with 
daily tenofovir disoproxil fumarate.
Diversity was measured when HIV RNA was detected in plasma for the first time. This 

visit coincided with the seroconversion visit in 14 of the 17 infections in the TDF group, 

and in 15 of the 16 infections in the placebo group. Estimates of diversity were determined 

by measuring mean pairwise distances between individual sequences from each participant. 

Results are expressed as number of nucleotide substitutions per site. Horizontal lines denote 

median values for each group.
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Fig. 3. Analysis of pill taking behavior at the estimated time of infection.
The estimated infection time (and 95% CI) is indicated with a green line. Adherence diaries 

obtained under daily directly observed therapy (horizontal lines) were used to manually 

count the number of missed TDF doses within this period of time. One square represents 

1 day (red = missed TDF dose; blue = TDF dose taken). Each block represents 1 month. 

Orange circle denotes the last negative EIA or NAT specimen. CI, confidence interval; TDF, 

tenofovir disoproxil fumarate.
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Fig. 4. Effect of preexposure prophylaxis with tenofovir disoproxil fumarate or emtricitabine/
tenofovir disoproxil fumarate on the length of the virus eclipse phase in macaques infected with 
simian HIV.
These macaques were part of studies assessing how high virus doses affect PrEP efficacy, 

and received placebo or daily PrEP with TDF [26] or FTC/TDF. Animals were exposed to 

a single high (1000 TCID50) dose of a SHIV162p3 isolate containing the HIV-1 envelope, 

and received clinically equivalent doses of TDF (22 mg/kg) or a combination of TDF (22 

mg/kg) and FTC (20 mg/kg). Treatment was initiated 7 days prior to SHIV exposure and 

stopped 28 days after virus inoculation. (a) Time for SHIV RNA detection in plasma. (b) 

Impact of TDF or FTC/TDF on the length of the virus eclipse phase as defined by RNA 

detection in plasma. Time of RNA detection increased from 7 days in untreated animals (n 
= 10), to 11.7 in animals receiving daily TDF (n = 3) and 21 days in animals receiving 

daily FTC/TDF ([26] and unpublished observation). FTC, emtricitabine; PrEP, preexposure 

prophylaxis; SHIV, simian HIV; TDF, tenofovir disoproxil fumarate.
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