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Abstract

We evaluated HIV DNA levels in individuals who received long-acting cabotegravir (CAB-LA) or tenofo-
vir disoproxil fumarate/emtricitabine (TDF/FTC) pre-exposure prophylaxis in the HPTN 083 and 084 trials
and had HIV DNA testing performed to help determine HIV status. HIV DNA testing was performed using
peripheral blood mononuclear cell (PBMC) samples collected after a reactive HIV test was obtained at a
study site. DNA was quantified using droplet digital PCR (lower limit of detection [LLOD]: 4.09 copies/
million PBMCs). Final HIV status and the timing of the first HIV-positive visit were determined by an inde-
pendent adjudication committee based on HIV test results from real-time site testing and retrospective test-
ing at a centralized laboratory. HIV DNA testing was performed for 133 participants [21 HIV-positive
(7 CAB-LA arm, 14 TDF/FTC arm) and 112 HIV-negative; 1–6 tests/person]. For persons with HIV, the
time between the first HIV-positive visit and collection of the first sample for DNA testing was a median of
81 days for those receiving CAB-LA (range 41–246) and 11 days for those receiving TDF/FTC (range
3–127). Four (57.1%) of the seven CAB-LA cases with infection had a low initial DNA result [three
detected <LLOD; one near the LLOD (4.2 copies/106 PBMCs); in 2/4 cases, the DNA level was still <10
copies/106 PBMCs ‡40 weeks after the first HIV-positive visit. In contrast, only 3/14 (21.4%) of the TDF/
FTC cases had a low or negative initial DNA test result (one not detected; two <10 copies/106 PBMCs). In
this study, the time between the first HIV-positive visit and the first DNA test was longer in the CAB-LA
cases than the TDF/FTC cases. Despite this difference, low or undetectable DNA levels were more

1Department of Pathology, 2Department of Pediatrics, 3Department of Medicine, Johns Hopkins University School of Medicine,
Baltimore, Maryland, USA.

4Fred Hutchinson Cancer Center, Seattle, Washington, USA.
5FHI 360, Durham, North Carolina, USA.
6The University of North Carolina—Vietnam, Hanoi City, Vietnam.
7Division of HIV Prevention, U.S. Centers for Disease Control and Prevention, Atlanta, Georgia, USA.
8Division of HIV Prevention, Thailand Ministry of Public Health-U.S. Centers for Disease Control and Prevention Collaboration,

Nonthaburi, Thailand.
9Wits RHI, University of the Witwatersrand, Johannesburg, South Africa.
10Uganda Virus Research Institute-International AIDS Vaccine Initiative HIV Vaccine Program, Entebbe, Uganda.
11ViiV Healthcare, Research Triangle Park, North Carolina, USA.
12Gilead Sciences, Foster City, California, USA.
13Department of Medicine, University of North Carolina, Chapel Hill, North Carolina, USA.
14Instituto de Pesquisa Clinica Evandro Chagas-Fiocruz, Rio de Janeiro, Brazil.
15Center for Clinical AIDS Research & Education, University of California, Los Angeles, Los Angeles, California, USA.

30

AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 41, Number 1, 2025
ª Mary Ann Liebert, Inc.
DOI: 10.1089/aid.2024.0049

Open camera or QR reader and
scan code to access this article

and other resources online.

http://dx.doi.org/10.1089/aid.2024.0049


frequently observed in the CAB-LA cases. This suggests that CAB-LA exposure may limit seeding of the
HIV reservoir in early infection.

Keywords: HIV, pre-exposure prophylaxis, prevention, cabotegravir, DNA, HIV Prevention Trials Network

Introduction

T he HIV Prevention Trials Network (HPTN) 083 and 084
trials found that long-acting injectable cabotegravir was

superior to daily oral tenofovir disoproxil fumarate/emtricita-
bine (TDF/FTC) when used as pre-exposure prophylaxis
(PrEP) to prevent sexual transmission of HIV.1–4 Both trials
are ongoing as open-label studies. Characterization of HIV
infections in these trials revealed that the features of HIV
infection in the setting of long-acting cabotegravir (CAB-LA)
are distinct from those observed in persons who acquire HIV
infection who are not on PrEP or are using tenofovir-based
oral PrEP agents.5–7 In the setting of CAB-LA PrEP, detec-
tion of HIV infection may be delayed for long periods due to
a lack of clinical symptoms, drug-induced viral suppression,
and delayed/diminished antibody responses. We previously
reported that HIV RNA levels can remain low or undetect-
able for months, even after injections are stopped and drug
concentrations decline. We refer to this new paradigm as
long-acting early viral inhibition.8 In the setting of CAB-LA
PrEP, HIV RNA assays often detect HIV infections earlier
than antibody-based HIV rapid tests or laboratory-based anti-
gen/antibody (Ag/Ab) tests.9,10 A total nucleic acid assay that
detects both HIV RNA and DNA was less sensitive than HIV
RNA assays for detecting infections in this setting.10

In this study, we evaluated HIV DNA levels in HPTN 083
and 084 participants who had a reactive rapid HIV test and/
or Ag/Ab test and had HIV DNA testing performed to help
determine HIV status for clinical management. We also
compared HIV DNA levels in participants receiving CAB-
LA versus TDF/FTC PrEP to determine the impact of CAB-
LA on HIV DNA levels in early infection.

Methods

Study cohort

HPTN 083 (NCT02720094) and HPTN 084 (NCT031
64564) are ongoing phase 3 clinical trials evaluating CAB-LA
for HIV PrEP. Both trials included a double-placebo, double-
blind, and an active-controlled period with participants
randomized to either the CAB arm or the TDF/FTC arm. Par-
ticipants in the CAB arm received daily oral CAB for 5 weeks,
followed by CAB injections (600 mg) for up to 3 years (two
injections 1 month apart and then every 2 months). Partici-
pants in the TDF/FTC arm received daily oral TDF/FTC. The
primary outcomes of the trials were reported previously.1,2

After study unblinding, both trials continued with participants
remaining on their originally-randomized study arm while
awaiting the open-label phase of the trials.3,4 This report
includes data for visits that occurred during the blinded phase
and the first unblinded year of both trials (through May 15,
2021, for HPTN 083; through November 5, 2021, for HPTN
084). Data were only included for visits prior to initiation of
antiretroviral therapy (ART).

HIV testing at study sites

All participants were required to have a negative HIV RNA
test within 14 days of study enrollment. Participants were
screened for HIV infection at enrollment and at follow-up vis-
its using one or two HIV rapid antibody tests and a laboratory-
based Ag/Ab test. If a reactive test result was obtained, results
were sent to a centralized committee that provided recommen-
dations for additional testing to determine HIV status for real-
time clinical management. The committee for each trial
included expert consultants (two–three clinicians and a labora-
tory scientist). In most cases, HIV status was resolved using
locally available HIV antibody testing and/or HIV RNA test-
ing; use of these two tests to resolve HIV status varied among
study sites and cases. In selected cases, the centralized commit-
tee recommended collection of peripheral blood mononuclear
cells (PBMCs) for real-time HIV DNA testing at a specialized
laboratory in the United States.

HIV DNA testing

HIV DNA testing was performed using nonviable PBMCs
isolated at study sites from whole blood. Dried cell pellets
were shipped to the CLIA-certified CURE Laboratory at
Johns Hopkins University (Baltimore, MD) for testing. HIV
DNA was quantified using a laboratory-developed, pan-
subtype, droplet digital PCR (ddPCR) HIV-1 DNA assay with
a previously established lower limit of detection (LLOD) of
4.09 copies/million PBMCs.11 Given that the performance
characteristics of the assay were not previously determined in
high-risk adult populations, results for samples with HIV DNA
detected below the previously established LLOD were reported
as “detected <LLOD.”

Retrospective testing

Additional HIV testing was performed retrospectively at
the HPTN Laboratory Center (Baltimore, MD) for all cases
in HPTN 083 and 084 that had one or more reactive HIV
screening test.5,6 The panel of assays used for this testing
included the Architect HIV Ag/Ab Combo assay [Abbott
Diagnostics, Wiesbaden, Germany, the Geenius HIV 1/2
Supplemental Assay (Bio-Rad Laboratories, Redmond, WA),
the APTIMA HIV-1 RNA Qualitative Assay (Hologic Marl-
borough, MA), and the RealTime HIV-1 Viral Load Assay
(lower limit of quantification [LLOQ]: 40 copies/mL; Abbott
Molecular, Des Plaines, IL)]. A single copy HIV RNA assay
was performed in selected cases at the University of Pitts-
burgh.12 To identify the first HIV-positive visit, testing was
also performed on samples collected before the site first
obtained a reactive screening test result. Plasma CAB concen-
trations were measured using liquid chromatography–tandem
mass spectrometry (LC-MS/MS, LLOQ: 0.025 mg/mL); LC-
MS/MS was also used to quantify tenofovir (TFV) in plasma
and tenofovir-diphosphate (TFV-DP) in dried blood spots
(DBS).5,6
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HIV status determination

An independent Endpoint Adjudication Committee per-
formed periodic, formal, and retrospective reviews of all HIV
test results from the study sites and HPTN Laboratory Center
for cases that had at least one reactive/positive site test. This
committee determined the final HIV status and identified the
first HIV-positive visit in each case5–7; in some cases, the date
of the first HIV-positive visit was before the first site-positive
visit (i.e., before the site first obtained a reactive HIV screening
test result). Cases were adjudicated HIV positive if the partici-
pant had a positive antibody discriminatory/confirmatory test,
a positive RNA test, or a DNA result detected above the
LLOD (>4.09 copies/million PBMCs). A single DNA result of
detected <LLOD was not considered to be sufficient to classify
a case as HIV positive.

Statistical methods

Fisher’s exact test and chi-square test were used to com-
pare proportions.

Ethical considerations

The HPTN 083 and HPTN 084 protocols were approved
by the institutional review boards and/or ethics committees
and ministries of health for all participating sites. All partici-
pants provided written informed consent.

Results

Participants with HIV DNA test results

During the study periods evaluated, 319 participants in
HPTN 083 and 084 had at least one reactive HIV screening
test with an adjudicated final HIV status (176 HIV positive and
143 HIV negative). DNA testing was performed for 21
(11.9%) of the 176 persons with HIV (PWH; seven in the
CAB arm, 14 in the TDF/FTC arm; Table 1) and 112 (78.3%)
of the 143 persons without HIV (63 in the CAB arm, 49 in the
TDF/FTC arm; Supplementary Table S1). The median time
between the first site-positive visit and collection of the sample
for DNA testing was 9 days for persons with a final status of
HIV positive [interquartile range (IQR) 4–13] and 8 days for
persons with a final status of HIV negative (IQR 4–18). The
proportion of participants with HIV who had DNA testing per-
formed was higher for those randomized to receive CAB-LA
compared with those randomized to receive TDF/FTC; how-
ever, this difference was not statistically significant (17.1%

vs. 10.4%, p = .25). There was no significant difference in
the proportion of participants who had DNA testing per-
formed in HPTN 083 compared to HPTN 084 (HIV positive:
10.9% vs. 13.6%, p = .59, HIV negative: 83.7% vs. 75.5%,
p = .26).

DNA levels among participants in the CAB and TDF/FTC
study arms

Characteristics of the 21 PWH evaluated in this study are
shown in Figure 1 and Table 2. A total of 29 DNA tests were
performed for these cases (median: 1 test/participant, range: 1–
4 tests). Twenty-two (75.9%) of the samples had DNA
detected above the LLOD, five (17.2%) had DNA detected
below the LLOD, and two (6.9%) had no DNA detected
(Table 1).

In the CAB arm, four participants had HIV infection at
study enrollment that was not detected at the study site until
a subsequent study visit; the remaining three participants
acquired HIV infection during study follow-up. In all seven
cases, there was a delay between the first HIV positive visit
and the visit where the site first detected the possibility of
infection. In the TDF/FTC arm, all 14 participants acquired
HIV infection during study follow-up; detection of HIV
infection at the study site was delayed in only two of these
cases (Table 2). The median number of days between the
first HIV-positive visit (based on real-time and retrospective
testing) and the first DNA test was longer in the CAB arm
than the TDF/FTC arm due to the delayed detection of infec-
tion in the CAB arm [81 (41–246) days in the CAB arm vs.
11 (3–127) days in the TDF/FTC arm].

Among the seven participants in the CAB arm, four
(57.1%) had a low initial DNA result (one had 4.2 copies/
million PBMCs, three had DNA detected <LLOD); the other
three participants had a high DNA level at that visit (one had
682 DNA copies/million PBMCs, one had 97.8 DNA copies/
million PBMCs, and one had 81.5 DNA copies/million
PBMCs). The median (IQR) DNA level was 4.2 (<LLOD—
89.7) copies/106 PBMCs for these seven samples. The
plasma CAB concentration was ‡8· the in vitro protein-
adjusted (PA) 90% CAB inhibitory concentration (IC) (PA-
IC90) for six of the seven participants at the time of the initial
DNA test and was 4–8· PA-IC90 for one case at that visit
(Table 2). In two of the seven cases, the DNA levels were
still low ‡40 weeks after the first HIV-positive visit (one had
5.8 DNA copies/million PBMCs, one had 4.4 DNA copies/
million PBMCs; Fig. 1).

Table 1. DNATest Results for Participants with a Final Adjudicated Status of HIV Positivea

Study arm Study # PWH
# PWH with one or
more DNA test result

# DNA tests
performed

# (%) Detected
>LLOD

# (%) Detected
<LLOD

# (%) Not
detected

CAB HPTN 083 34 6 (17.6%) 11 7 (63.6%) 3 (27.3%) 1 (9.1%)
HPTN 084 7 1 (14.3%) 3 2 (66.7%) 1 (33.3%) 0 (0%)
Total 41 7 (17.1%) 14 9 (64.3%) 4 (28.6%) 1 (7.1%)

TDF/FTC HPTN 083 76 6 (7.9%) 6 6 (100%) 0 (0%) 0 (0%)
HPTN 084 59 8 (13.6%) 9 7 (77.8%) 1 (11.1%) 1 (11.1%)
Total 135 14 (10.4%) 15 13 (86.7%) 1 (6.7%) 1 (6.7%)

Overall 176 21 (11.9%) 29 22 (75.9%) 5 (17.2%) 2 (6.9%)

aThe table shows the number of participants in HPTN 083 and HPTN 084 who acquired HIV infection by the end of the first unblinded year (final
adjudicated HIV status: HIV positive, n = 176) and the number of those participants who had at least one DNA test result (n = 21).
CAB, cabotegravir; HPTN, HIV Prevention Trials Network; LLOD, lower limit of detection; PWH, persons with HIV; TDF/FTC, tenofo-

vir disoproxil fumarate/emtricitabine.
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We also assessed DNA levels for the 14 participants in
the TDF/FTC arm who had a DNA test performed. Ten of
the 14 participants had intraerythrocytic TFV-DP concen-
trations below the limit of quantification at the first visit,
where HIV DNA testing was performed. Furthermore,
TFV and TFV-DP testing performed using samples col-
lected near the time of the first HIV-positive visit found

that 13/14 participants had poor adherence to the daily
oral TDF/FTC and the remaining participant had only
partial adherence at that time. Three (21.4%) of the 14 par-
ticipants had a low initial DNA result (two had *7 DNA
copies/million PBMCs and one no DNA detected). The other
11 participants (78.6%) had a high initial DNA result (Fig. 1,
Table 2). The median (IQR) DNA level was 117 (14–2,584)

FIG. 1. DNA levels for persons with HIV (PWH) who had one or more DNA test result. The figure shows DNA test
results from PWH in the CAB arm (A and B) and the TDF/FTC arm (C and D) of HPTN 083 and HPTN 084. In (A),
participant A1 received oral CAB only. Participants A1–A4 had HIV infection at the time of study enrollment that was
not detected by site testing. Participant C1 acquired HIV infection while receiving oral cabotegravir prior to CAB injec-
tions. Participant D2 acquired HIV infection despite on-time CAB injections. DNA test results are shown as DNA cop-
ies/million PBMCs. The standard LLOD for this assay is 4.09 DNA copies/million PMBCs. CAB, cabotegravir; c/106,
copies/million; LLOD, lower limit of detection; PBMCs, peripheral blood mononuclear cells; TDF/FTC, tenofovir diso-
proxil fumarate/emtricitabine.
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copies/106 PBMCs for the 14 TDF/FTC cases with DNA
results.

One or more DNA test result detected <LLOD was also
observed for 16 (14.3%) of the 112 persons without HIV who
had at least one test performed (1 participant in HPTN 083, 15
participants in HPTN 084; 1–6 tests/person; Supplementary
Table S1); the false positive rate for the DNA test in this
participant group was 8.3% (18/216 tests positive). The
proportion of participants who had one or more false positive
DNA test result was higher in HPTN 084 [2.4% (1/41) for
HPTN 083; 21.1% (15/71) for HPTN 084; p = .005].

A higher portion of false positive DNA test results was
obtained for samples from HPTN 084 compared to HPTN 083
[1.3% (1/75 tests positive) for HPTN 083; 12.1% tests (17/141
tests positive) for HPTN 084; p = .008]. Among persons without
HIV, there was no difference in the proportion of DNA test
results detected <LLOD by study arm (CAB: 11/119 = 9.2%;
TDF/FTC: 7/97 = 7.2%; p = .59, Supplementary Table S1).

Discussion

This study compared HIV DNA levels in PMBCs in per-
sons randomized to receive CAB-LA or TDF/FTC PrEP in
the HPTN 083 and 084 trials. In these trials, HIV DNA test-
ing was performed for a subset or participants to help deter-
mine HIV status for clinical management. This cohort
included 21 PWH (seven in the CAB arm and 14 in the
TDF/FTC arm). Pharmacologic analysis revealed that 13 of
the 14 participants in the TDF/FTC group had poor or
inconsistent adherence to the daily oral regimen and the
remaining participant had only partial adherence to the oral
PrEP regimen. Therefore, DNA levels in this group cannot
be considered to reflect the levels that would be observed in
persons with consistent, daily TDF/FTC dosing.

In these two trials, collection of the PBMC samples used
for HIV DNA testing occurred at various times after the
first HIV-positive visit. This was mostly because detection
of HIV infection was delayed at the study sites. These
delays occurred in all seven CAB cases and 2/14 TDF/FTC
cases. These delays could potentially bias the results to
higher DNA levels in CAB cases since those infections
would have been of longer duration when the PBMC sam-
ples were collected. In contrast, a higher proportion of par-
ticipants in the CAB group had low or undetectable DNA
levels (57.1% vs. 21.4% in the TDF/FTC group, p = .16).
In addition, some participants in the CAB group had sus-
tained low DNA levels for 8 months or longer. Taken
together, these findings suggest that DNA levels may tend
to be lower in persons receiving CAB-LA PrEP compared
with those randomized to receive TDF/FTC PrEP.

In this study, total HIV DNA levels were measured using a
single-plex assay. This assay does not distinguish intact and
defective proviruses and therefore cannot provide estimates
of reservoir seeding; the total HIV DNA result obtained with
this assay provides the near maximal estimate of infected
cells.13 More than half of the participants with HIV in the
CAB-LA arm of the studies who had DNA testing performed
had HIV DNA levels below and near the LLOD of the assay.
This suggests that long-acting formulations of integrase strand
transfer inhibitors can profoundly suppress cell-associated
infection in a subset of individuals.14 This would be consistent
with our findings from prior studies that show prolonged/

profound suppression of viral load in persons who acquire
HIV infection in the setting of CAB-LA PrEP.8

The HIV DNA assay used in this analysis is more sensitive
than commercially available HIV DNA assays; less sensitive
assays may fail to detect DNA in this setting. We recently com-
pared the performance of different nucleic acid assays for
detecting HIV in low viral load “challenge” samples from
HPTN 083.10 That study included evaluation of the Xpert HIV-
1 Qual XC test, which detects HIV RNA and DNA in DBS
samples. That assay detected HIV in only 1/10 DBS samples
with viral loads <200 copies/mL, which was lower than the rate
of detection of HIV RNA in plasma samples using qualitative
and quantitative HIV RNA assays. We also found that false
positive HIV DNA results were obtained in some cases, which
could complicate clinical management. Taken together, these
findings suggest that HIV DNA testing may have limitations
for HIV diagnosis in the setting of CAB-LA PrEP.

One limitation of this study is the small sample size; only
133 participants (21 HIV positive and 112 HIV negative) had
HIV DNA testing performed in the two trials. Furthermore, the
criteria that the centralized committee used to recommend
DNA testing in each case may have impacted which partici-
pant had DNA testing performed and how many samples from
each case were tested. The variable number of tests performed
in each case (median: 1 test/person; range: 1–6 tests/person)
may have confounded some of the analyses. Despite these lim-
itations, we feel that the data in this report helps inform our
understanding of HIV infections in the setting of CAB-LA
PrEP. It would be helpful to obtain a larger, unbiased, system-
atically collected set of HIV DNA data in this setting. However,
the very low frequency of infections in persons using CAB-LA
PrEP and the challenges detecting infections and determining
the timing of HIV infection in this setting may complicate col-
lection of those data, even in a clinical trial setting. The AIDS
Clinical Trials Group A5321 study will provide more informa-
tion on HIV reservoirs in adults, who acquired HIV infection
while receiving CAB-LA PrEP. This study, and other studies
using long-acting biologics such as broadly neutralizing antibod-
ies for HIV prevention, may inform HIV reservoir formation
and the potential for ART-free remission and HIV cure.
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