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Abstract
HIV-1 persists indefinitely in multiple cellular reservoirs despite antiretroviral therapy. We previously demonstrated HIV-1
compartmentalization in kidney and urine. Here, we further characterized viruses in urine and when available, compared them to
those present in semen fromHIV-1 positive participants with detectable plasma viremia to further understand the viral dynamics in the
upper and lower genitourinary tract.
Blood and urine samples were obtained from 19 HIV-1 positive participants. Simultaneous semen samples were obtained from 16

of the 19 participants. HIV-1 envelope (env) gene sequences were obtained by single-genome amplification (SGA) and neighbor-
joining trees were constructed using the Kimura 2-parameter model.
HIV-1 env gene sequences were amplified from blood in 19/19 (100%) participants, urine in 18/19 (95%) participants, and semen

in 12/16 (75%). In individuals from which both urine and semen samples were obtained, differences in viral shedding between the 2
sources were observed, where HIV-1 env sequences could only be amplified from either urine or semen. Longitudinal phylogenetic
analysis of urine-derived env sequences from 1 participant demonstrated that urine clusters distinct from blood are maintained over
time (20 weeks), consistent with viral compartmentalization and local replication. Comparison of urine and semen derived sequences
demonstrated either virus compartmentalization or equilibration.
Our results demonstrate that when present, viral compartmentalization in urine persists over time. Comparison of timing of viral

shedding in urine and semen samples from our cohort suggest different viral kinetics between the upper and lower genitourinary tract
and sequence analysis suggests that HIV-1 populations in urine and semen can either be imported from blood or produced locally.

Abbreviations: env = envelope, GU = genitourinary tract, PBMC = peripheral blood mononuclear cells, PBS = phosphate
buffered saline, RTE = renal tubule epithelial, Seqs = sequences, SGA = single genome amplification, VTM = viral transport media.
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1. Introduction

HIV-1 can infect and persist in different organs and tissues,
resulting in the generation of distinct viral populations, compart-
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ments, and reservoirs. Viral compartments restrict HIV-1
trafficking and gene flow and facilitate separate viral evolution
and divergence from the peripheral blood or other anatomical
sites.[1–3] Multiple viral compartments have been described in
HIV-1 positive participants, including lymph nodes,[4] gut
associated lymphoid tissue,[5] central nervous system,[6] kidney[7]

and lower genitourinary (GU) tract.[8] Understanding the viral
dynamics in these compartments is critical to informing cure
strategies.
We have previously demonstrated that HIV positive partic-

ipants shed virus in urine and that in some individuals those
viruses are genetically distinct from the viral populations found in
blood.[9] The exact source of the urine-derived viruses in the GU
tract is unknown. They could originate either from the upper or
lower GU tract, which is particularly relevant when analyzing
urine-derived HIV-1 sequences in males where the presence of
HIV-1 sequences and replication-competent viruses in semen
is well documented.[8,10–13] Sequence analyses of viral RNA
populations in semen suggest that viruses can originate from
different mechanisms including direct import of virus from blood,
compartmental evolution of the virus or clonal expansion in the
seminal tract.[8] Interestingly, sequence analysis of HIV envelope
(env) from urine samples suggests that virus in urine could also
originate through multiple mechanisms, since in addition to virus
compartmentalization and clonal amplification, we observed
equilibrated viral populations between blood and urine in some
study participants.[9] The differences observed between the blood
and genitourinary viruses suggest that the blood does not fully
reflect the genitourinary compartment in assessing the HIV-1
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reservoir. Additionally, the presence of identical sequences in
urine could be the result of clonal expansion of infected cells in
the upper GU tract, as it has been recently described for infected
T cells in the bloodstream.[14,15]

Our group has demonstrated that HIV-1 infects renal tubular
epithelial (RTE) cells in vitro and in vivo and that the kidney
represents a separate compartment for HIV replication.[7,16] We
have shown that HIV-1 is transferred to renal epithelial cells
through cell-cell contact with infected T cells[17,18] and macro-
phages[19] and that, once infected, renal epithelial cells can
produce new viral particles that are rescued by CD4+ T cells and
monocytes coming into contact with infected RTE.[17–19]

Additionally, we recently demonstrated in vitro, that renal
epithelial cells that acquired HIV-1 from infected macrophages,
can undergo multiple rounds of cell division,[19] suggesting that
proliferation of infected renal cells may contribute to HIV-1
persistence in this compartment. Since HIV can infect and persist
in renal epithelial cells in vivo,[20,21] the kidney may serve as a
long-term reservoir that will need to be targeted in any
eradication strategy. We have recently shown in a person
infected with HIV receiving a kidney from an HIV-1 positive
donor that the viruses shed in urine are genetically more closely
related to those present in urine-derived renal epithelial cells than
to viruses present in blood,[22] supporting renal epithelial cells as
1 source of urine viruses.
Because of the close proximity and relationship between the

upper and lower GU tracts in males, we have expanded our
previous studies to directly compare the relationship of HIV-1
sequences from urine and semen to determine the extent of viral
divergence and similarity of 1 source from the other and from the
blood. Additionally, we performed viral sequence analysis on
longitudinal urine samples to assess the viral evolution in this
compartment over time.
2. Materials and methods

2.1. Study participants and sample processing

Ten HIV-1 positive participants (9 males and 1 female) with
detectable viral load were enrolled in this study. Simultaneous
blood, urine, and semen samples were obtained from 7 of the
enrolled participants, while only urine and blood could be
collected from the remaining 3. All participants gave informed
consent, and sample collections were performed with institution-
al review board approval (Pro0040696). Nine additional HIV-1
positive individuals were selected from the CHAVI001 acute and
established cohorts from a subset of participants from whom
blood, urine, and semen samples were available.[8]

Large volumes of urine ranging from 60 to 775ml were
collected from the 10 enrolled participants while approximately
20ml of urine was available from the CHAVI001 participants.
Urine samples were spun at 400 x g for 10 minutes to separate
urine supernatants from urinary cells. Supernatants were then
filtered through a 0.45mm filter unit to remove cellular debris
followed by 2hours of ultracentrifugation to pellet HIV virions as
previously described.[9] Pelleted viruses were then resuspended in
400ml of 1X phosphate-buffered saline (PBS) and either
immediately subjected to RNA extraction or stored at �80°C.
Semen samples were collected in 2ml of viral transport medium

(VTM) consisting of RPMI 1640, 10% fetal bovine serum, 2mM
L-Glutamine, 200U/ml of Nystatin, 100U/ml Pen/Strep, and
processed within 4hours of collection. Semen was further diluted
2

1:2 in VTM supplemented with 100X protease inhibitor buffer
and spun for 10minutes at 800 x g to separate the seminal plasma
from seminal cells. Seminal plasma was then collected and
ultracentrifuged for 2hours at 23000rpm to pellet HIV virions.
Pelleted viruses were resuspended in 200ml of VTM and either
immediately subjected to RNA extraction or stored at �80°C.
The seminal cell pellet (containing sperm cells and lymphocytes)
was frozen at �20°C until DNA extraction.
EDTA anticoagulated blood samples were processed within

4hours from collection to isolate plasma and peripheral blood
mononuclear cells (PBMCs) by Ficoll gradient centrifugation.
Plasma was ultracentrifuged for 2hours at 23000rpm to pellet
HIV-1 virions and then resuspended in 400ml of 1X phosphate-
buffered saline and either immediately subjected to RNA
extraction or stored at �80°C. PBMCs were pelleted and stored
at �20°C for DNA extraction.
2.2. Viral RNA extraction and cDNA synthesis

Viral RNA extraction and cDNA synthesis from urine and
plasma was performed as previously described.[9,22] Viral RNA
was also extracted from 200ml of concentrated seminal plasma
using the Roche High Pure Viral RNA Kit following the
manufacturers protocol. cDNA synthesis of seminal plasma was
performed as previously described.[9]
2.3. Viral DNA extraction

Viral DNA was extracted from 5�106 PBMC and seminal cell
pellet by using the QIAamp micro kit (Qiagen) following the
manufacturers instructions and eluted in 50ml of water.
2.4. Single genome amplification

Single-genome amplification of HIV-1 env sequences was
performed as previously described.[9] We performed PCR on
each sample type (urine cDNA, blood plasma, PBMC, seminal
plasma, and seminal cell) until the sample was exhausted or we
reached >15 sequences per sample type.
2.5. Sequencing and sequence analyses

The complete env gene amplicons were sequenced using the
primer walking method as previously described.[9] Every positive
reaction was inspected for double peaks using the Sequencher
program 5.4.1 (Gene Codes). Any sequence with evidence of
mixed bases was excluded from further analysis. All alignments
were made using gene cutter (hiv.lanl.gov) and phylogenetic trees
were made with MEGA6.[23] Neighbor-joining trees were
constructed using the Kimura 2-parameter mode and the
reliability of topologies was estimated by performing bootstrap
analysis with 1000 replicates. Highlighter plots (hiv.lanl.gov)
were generated to show the genetic variation of sequences in urine
supernatants.
2.6. Statistical analysis

To estimate the required number of sequences the following
argument was made: the expectation under the null hypothesis is
that, in any 1 participant, virus sequences from urine will be
found clustering with sequences from semen. Thus the frequency
of urine sequences clustering with semen sequences is p0=0.5. If
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the null hypothesis is rejected because urine viruses are derived
from the lowermale GU tract we should find that the frequency of
urine sequences clustering with semen sequences is p1=90%. If
alpha (probability of type I error) is 0.05 the power is 0.8 with 10
sequences from urine, semen and PBMC (based on normal
approximation to the binomial distribution).
3. Results

3.1. Viral compartmentalization and clonal amplification of
HIV-1 in urine persist over time.

We have previously demonstrated that HIV-1 positive partic-
ipants shed viruses in urine and that those viruses are
compartmentalized from blood in the majority of the participants
analyzed.[9] To further expand our analysis, we collected urine
and blood specimens from 2 HIV-1 positive participants with
detectable viremia at a single time point and from one additional
participant at multiple time points post-enrollment (Table 1). We
performed single-genome amplification on HIV-1 env RNA
isolated from urine supernatants and blood plasma as well as on
HIV-1 env DNA isolated from PBMCs. Multiple HIV-1 env
sequences were amplified from each specimen in each participant
(Table 1). There was no correlation between plasma viral load
and the number of sequences amplified from urine (Table 1),
consistent with our previous report.[9] A phylogenetic analysis of
the HIV-1 env sequences amplified from urine and blood revealed
Table 1

Characteristics of study participants.

Participant
ID Ethnicity Sex

HIV
diagnosis
(year) (

Urine only
40696-028 Black M 2000
40696-049 Hispanic F 2005
40696–073

∗
Black M 2012

Week 0
Week 2
Week 12
Week 20

North Carolina samples
40696–011

∗
Black M 2007

40696-014 Black M 2010
40696–031

∗
Black M 2001

40696-047 Asian M 2011
40696-063 Black M 2000
40696-072 Black M 2007
40696–068

∗
Black M 2011

Week 0
Week 3
Week 5

Archived samples
(CHAVI 001 study)

700011043 Black M Acute
700011410

∗
Black M Chronic

700011161 Black M Chronic
700010920 Black M Chronic
700010914 Black M Acute
700011084 Black M Acute
700010333 Black M Chronic
700010501 Black M Chronic
700011145

∗
Black M Chronic

∗
participants for whom phylogenetic trees are shown in Figures 1–4. Additional phylogenetic trees are sh

amplification.

3

2 scenarios: urine-derived env sequences were either intermixed
with blood-derived sequences (participant 40696-028 in Supple-
mentary Fig. 1, http://links.lww.com/MD/F136), suggesting viral
equilibrium and viral exchange between urine and blood, or the
urine-derived env sequences clustered either predominantly
(participant 40696-049 in Supplementary Fig. 1, http://links.
lww.com/MD/F136) or exclusively separate (participant 40696-
073 in Supplementary Fig. 1, http://links.lww.com/MD/F136)
from the blood-derived plasma and PBMC sequences, suggesting
that in those cases the urine-derived viruses originated from a
separate source.
To further understand the dynamics of viral compartmentali-

zation in urine over time, we collected longitudinal urine and
blood samples from participant 40696-073 up to week 20 post-
enrollment. Phylogenetic analysis of HIV-1 env sequences
amplified at each time point from week 0 to week 20
demonstrated that viral compartmentalization in urine persists
over time with limited exchange of virus between urine and blood
(Fig. 1a). Interestingly, we observed that as this participants viral
load decreased after initiation of antiretroviral treatment
(Table 1), multiple identical HIV-1 env sequences were amplified
from urine. To compare sequences across all time points, we
constructed a phylogenetic tree of sequences from all sample
collections. As shown in Figure 1b, in addition to maintenance of
viral compartmentalization between urine and blood over time,
we observed 3 clusters of identical or nearly identical sequences
(9/11 sequences identical, 2/11 sequences with one nucleotide
Plasma
Viral Load

Log10 copies/ml)
CD4
Count

Urine
#SGA
Seqs

Semen
(C+P)

#SGA Seqs

Plasma
#SGA
Seqs

PBMC
#SGA
Seqs

3.8 27 19 n/a 19 8
5.0 81 31 n/a 18 16

4.9 55 21 4.9 21 18
5 55 18 5.0 21 22
3.3 62 40 3.3 19 17
3.3 62 19 3.3 17 21

5.3 60 23 0 15 19
3.8 496 3 0 11 23
4.1 368 19 2 15 18
3.8 482 8 0 10 16
5.2 416 5 0 4 25
4.4 788 0 12 20 10

5.8 4 74 5.8 19 19
5.8 4 7 5.8 15 19
5.8 4 30 5.8 n/a n/a

5.8 n/a 1 0 n/a n/a
5.2 n/a 17 18 19 16
5.7 n/a 14 32 19 18
5.1 n/a 3 4 n/a n/a
5.8 n/a 3 4 n/a n/a
5.0 n/a 15 0 26 19
4.2 n/a 3 19 n/a n/a
4.3 n/a 2 26 n/a n/a
4.7 n/a 33 11 36 19

own in the Supplementary Appendix. n/a = not available, Seqs = Sequences, SGA = single genome
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Figure 1. Longitudinal phylogenetic analysis of urine-derived HIV-1 env sequences demonstrates the persistence of viral compartmentalization and clonal
amplification over time. (a) Blood and urine were collected from participant 40696–073 at weeks 0, 2, 12, and 20 post-enrollment. Neighbor-joining phylogenetic
trees including env sequences from each time point are shown. (b) Neighbor-joining phylogenetic tree including all the HIV-1 env sequences amplified from
participant 40696–073 between weeks 0 and 20 post-enrollment. Identical HIV-1 env sequences were amplified across the different time points, supporting clonal
amplification of HIV-1 in the genitourinary tract. Highlighter plots confirm the lack of sequence diversity in the selected cluster of sequences. PBMC SGA-env
sequences (full red circles), plasma SGA-env sequences (open red circles) and urine SGA-env sequences (blue triangles). Bootstrap values≥80 are shown. Genetic
distance is indicated at the bottom of the figure and represents the number of nucleotide substitutions per site.
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mutation), containing sequences from different time points. The
presence of identical sequences from different time points
suggests possible clonal amplification of HIV-1 in the upper
GU tract.

3.2. Viral shedding kinetics differs between urine and
semen.

Because of the relationship between the upper and lower GU
tracts in males, we next compared viral populations between
4

urine and semen. HIV-1 env sequences were amplified from
paired urine, semen, and blood samples from men with chronic
HIV-1 infection in North Carolina (n=7) or from the CHAVI
001 cohort (n=9), 3 with acute and 6 with chronic HIV-1
infection (Table 1). Single genome amplification was performed
on HIV-1 env RNA isolated from urine supernatants, blood
plasma, and seminal plasma as well as on HIV-1 env DNA
isolated from PBMCs and seminal cells. Interestingly, as shown in
Table 1, for several participants we were able to amplify HIV-1
env sequences in urine but not in semen (n=6), and vice versa
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(n=1). The phylogenetic analysis of HIV-1 env sequences
amplified from urine or semen in the participants that had at
least 8 urine-derived or semen-derived sequences demonstrated
compartmentalization of urine-derived sequences from blood in 3
out of 3 participants and viral equilibrium between semen and
blood in one participant (Fig. 2 and Supplementary Fig. 2, http://
links.lww.com/MD/F136). The differences in viral shedding
observed suggest that the viral populations found in urine and
semen could originate from different cellular sources in the GU
tract.

3.3. Urine and semen-derived HIV-1 env sequences are
compartmentalized in some participants and equilibrated
in others.

To further our comparison of the viral populations present in
urine and semen, we focused on participants fromwhomwewere
able to amplify>10 urine and seminal sequences, one chronically
infected male from the North Carolina cohort and 3 chronically
infected males from the CHAVI 001 cohort (Table 1). As
shown in Figure 3, we observed 2 scenarios. In 3 participants,
urine-derived env sequences were intermixed with both blood
and seminal-derived sequences (participants 700011161,
700011410, and 40696-068, Fig. 3a). Intermixing of these
sequences suggests viral equilibrium and exchange between the
blood and the GU tract, suggesting that those urine and semen-
derived viruses are likely produced by infected lymphocytes
trafficking from one site to the other. However, similarly to what
we have observed when comparing urine and blood viral
Figure 2. HIV-1 shedding kinetics differ between urine and semen. Neighbor-joinin
which blood, urine, and semen were simultaneously collected. In 3 of the 4 partic
sequences could be amplified while no or a limited number (2 sequences for pa
Conversely, in participant 40696–072 we amplified several HIV-1 env sequences
circles), plasma SGA-env sequences (open red circles), urine SGA-env sequen
diamond). Bootstrap values ≥80 are shown. Genetic distance is indicated at the bot

5

populations, viral compartmentalization of urine-derived HIV-1
env sequences from semen was observed in participant
700011145. Themajority of these sequences formed independent
clusters from sequences amplified from blood or semen;
conversely, the majority of semen-derived sequences in this
participant were intermixed with blood sequences (Fig. 3b).
Notably, the independent clusters of urine-derived sequences
contained several identical sequences, suggestive of clonal
amplification of HIV-1 infected cells within the upper GU tract.
Clonal amplification was not evident within blood or seminal
samples in this participant.
To determine whether viral equilibrium between the different

anatomical spaces persists overtime, we collected longitudinal
blood, urine, and semen samples from participant 40696-068 up
to week 5 post-enrollment. We observed that viral intermixing
was maintained at each time point, suggesting that these viral
dynamics are consistent for at least 5 weeks (Fig. 4). Interestingly,
we observed the presence of identical sequences across sample
types (PBMC, urine and semen), suggesting a common cellular
source for those viruses.

4. Discussion

Previous work has demonstrated viral compartmentalization of
urine-derived HIV-1 env sequences from blood in both male and
female participants,[9] suggesting the presence of a separate
population of infected cells in the upper genitourinary tract. In
this study we expanded our analysis to assess the viral dynamics
in urine over time and compared viral populations in urine to
g phylogenetic trees of HIV-1 env sequences amplified from 4 participants from
ipants (40696–011, 40696–031, 40696–047) multiple urine-derived HIV-1 env
rticipant 40696–031) of semen-derived HIV-1 env sequences were detected.
from semen samples but not from urine. PBMC SGA-env sequences (full red
ces (blue triangles), and seminal plasma SGA-env sequences (open purple
tom of the figure and represents the number of nucleotide substitutions per site.
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Figure 3. Phylogenetic analysis of urine, semen, and blood demonstrates viral equilibrium between urine and semen in some participants and
compartmentalization of urine-derived sequences in others. (a) Neighbor-joining phylogenetic tree of full-length env sequences obtained via SGA from urine
supernatant, blood plasma, blood PBMCs, semen supernatant, and semen cells from 4 participants. Viral equilibrium between urine and semen was observed in
participants 700011161, 700011410, and 40696–068. (b) Compartmentalization of urine-derived viruses was observed in participant 700011145. PBMC SGA-
env sequences (full red circles), plasma SGA-env sequences (open red circles), seminal cell SGA-env sequences (full purple diamonds), seminal plasma SGA-env
sequences (open purple diamonds), and urine SGA-env sequences (blue triangles). Bootstrap values ≥80 are shown. Genetic distance is indicated at the bottom of
the figure and represents the number of nucleotide substitutions per site.

Stadtler et al. Medicine (2020) 99:46 Medicine
those present in semen. Because of the anatomic relationship
between the upper and lower genitourinary tracts in males, the
comparison of urine, semen, and blood sequences is important to
understand the GU viral dynamics and to determine the extent of
viral divergence and similarity of one source from the other.
6

The analysis of longitudinal urine samples suggest that, when
present, compartmentalization of urine-derived HIV-1 env
sequences persists over time. In one study participant (40696-
073), compartmentalization of urine-derived sequences was
maintained up to at least 20 weeks post-enrollment, with limited



Figure 4. Longitudinal phylogenetic analysis of urine and semen-derived HIV-1 env sequences demonstrates the persistence of viral equilibrium and the presence
of identical sequences across sample types. Blood, urine, and semen samples were collected from participant 40696–068 at weeks 0, 3, and 5 post-enrollment. A
neighbor-joining phylogenetic tree including env sequences from all the time points is shown. Identical HIV-1 env sequences were amplified at both week 0 and 5.
The highlighter plots confirm the lack of sequence diversity in the 2 selected sequence clusters. PBMC SGA-env sequences (full circles), plasma SGA-env
sequences (open circles), seminal cell SGA-env sequences (full diamonds), seminal plasma SGA-env sequences (open diamonds), and urine SGA-env sequences
(triangles). Symbols are colored based on time point. Bootstrap values ≥80 are shown. Genetic distance is indicated at the bottom of the figure and represents the
number of nucleotide substitutions per site.
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evidence of viral exchange between urine and blood. These long-
term viral dynamics further suggest the presence of a separate
viral source in the upper GU tract. We observed that 2 HIV-1 env
sequences amplified from plasma at week 12 post-enrollment
clustered together with the urine-derived sequences and was
separate from the other blood-derived sequences. This suggests
that the GU compartment is capable of seeding the systemic
circulation. Interestingly, as plasma viral load decreased in this
participant, we were still able to amplify a large number of urine-
derived sequences that continued to cluster independently from
blood. Additionally, a higher number of identical or nearly
identical sequences were amplified at later time points, support-
ing clonal amplification of infected cells in this compartment.
We have recently demonstrated in an HIV-1 positive kidney

transplant recipient that the viruses present in urine were
genetically different from the viral quasi-species found in blood
but closely related to urine-derived renal epithelial cells,[22]

supporting renal epithelial cells as one source of urine viruses. In
addition to renal epithelial cells, some of those urine-derived
viruses might originate from interstitial lymphocytes or macro-
phages residing in the kidney. The viral diversity observed in the
urine-derived viruses could also be the result of continuous viral
transfer from infected lymphocytes and macrophages to renal
epithelial cells and vice versa, as previously demonstrated in
vitro,[9,19] which could sustain HIV-1 replication and evolution
in this compartment. Furthermore, the demonstration that some
productively infected renal epithelial cells undergo multiple
rounds of proliferation in vitro,[19] provides a possible mecha-
7

nism for HIV-1 persistence in the kidney and may explain the
amplification of several identical sequences in urine. Alternative-
ly, these identical sequences could be the result of an activated
infected cell producing identical virions. However, because
identical sequences were detected across multiple time points over
20 weeks of follow-up, the presence of infected cells containing
the same integrated provirus is more likely. Several studies on
CD4+ T cells have demonstrated that clonal expansion of HIV-1
infected cells is a driver of HIV-1 persistence, and that those cells
can produce infectious viruses.[24–28] Understanding the mecha-
nisms sustaining HIV-1 persistence in different reservoir sites
throughout the body of infected individuals is crucial to optimize
HIV-1 cure strategies.
Previous studies have demonstrated that there are temporal

differences in HIV-1 shedding within semen independent of
blood viral dynamics.[8] We observed that viral shedding
kinetics differ also between urine and semen; in a number of
participants we were able to amplify HIV-1 sequences from urine
but not from semen and vice versa. These data suggest that the
urine and semen viruses come from different sources in the
genitourinary tract.
We observed 2 different scenarios in the participants from

which we obtained ≥11 sequences from both urine and semen:
1.
 urine-derived sequences formed separate clusters from blood
and semen or
2.
 viral sequences from all the different specimens were
equilibrated.

http://www.md-journal.com
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The intermixing of urine, semen, and blood sequences suggests
viral exchange between these different anatomical compart-
ments, while the compartmentalization of urine-derived sequen-
ces in some participants, indicates that those sequences originated
from a separate cellular source in the upper genitourinary tract,
likely renal epithelial cells or interstitial lymphocytes/macro-
phages present in the kidney.
Several identical sequences were amplified across multiple time

points in one participant (40696–068) from which longitudinal
urine, blood, and semen samples were collected. Interestingly,
one cluster of identical sequences consisted of a seminal cell-
derived sequence, a seminal plasma-derived sequences, and 4
urine-derived sequences. The presence of identical sequences
across sample types suggest seminal cells as the source of these
urine-viruses. A second cluster of identical sequences containing 3
PBMC, 5 urine, 1 seminal plasma, and 1 seminal cell-derived
sequence was also detected, indicating trafficking of expanded
clones of infected cells between the 3 sites.
In conclusion, our study shows that while some participants

presented equilibrated viral populations in urine, semen, and
blood, supporting continuous import of those viruses from
blood, other participants presented compartmentalized urine
viral clusters that contained several identical sequences. In this
compartment, likely the kidney, the virus can undergo indepen-
dent replication, as supported by the analysis of longitudinal
urine samples in patient 40696–073 and previous work on
kidney biopsies of HIV-1 positive participants with HIV-
associated nephropathy.[7] Finally, our results demonstrate that
the analysis of urine-derived HIV-1 sequences is an important
non-invasive approach that can and should be used to understand
this non-blood compartment and its implications for HIV-1
persistence and cure strategies.
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