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Background. During antiretroviral treatment (ART) with plasma HIV RNA below the limit of quantification, HIV RNA can be
detected in genital or rectal secretions, termed discordant shedding (DS). We hypothesized that proliferating cells produce virions
without HIV replication.

Methods.
from DS. Antiretrovirals and cytokines/chemokines concentrations were compared at DS and control time points.

Results.  Eighty-two participants had ART suppression. DS was detected in 24/82 (29%) participants: 13/253 (5%) cervicovaginal
lavages, 20/322 (6%) seminal plasmas, and 6/85 (7%) rectal secretions. HIV RNA in DS specimens was near the limit of quantifica-
tion and not reproducible. HIV DNA was detected in 6/13 (46%) DS cervicovaginal lavages at low levels. Following DNase treatment,
5/39 DS specimens yielded HIV sequences, all without increased genetic distances. Women with and without DS had similar plasma

ART-naive Peruvians initiating ART were observed for DS over 2 years. HIV env and pol genomes were amplified

antiretroviral levels and DS in 1 woman was associated with inflammation.

Conclusions.

HIV RNA and DNA sequences and therapeutic antiretroviral plasma levels did not support HIV replication as the

cause of DS from the genital tract. Rather, our findings infer that HIV RNA is shed due to proliferation of infected cells with virion

production.
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Discordant shedding (DS) is defined as episodic detection
of human immunodeficiency virus (HIV) RNA in the gen-
ital tract when not detected in the plasma due to antiretro-
viral therapy (ART) suppression of viral replication. While
suppression of HIV replication in the plasma successfully re-
duces the risk of HIV transmission, understanding the mech-
anisms causing DS remains relevant because DS, which has
been observed in 0%-50% of HIV-infected people [1-13],
has been attributed to virus replication [12, 14]. HIV repli-
cation during ART can select drug-resistant variants, leading
to virologic failure [15-17]. Factors associated with DS in-
clude suboptimal tissue levels of antiretrovirals [18, 19], low
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pre-ART CD4" cell counts, high pre-ART plasma HIV RNA,
genital tract coinfections, and genital ulceration [8, 10, 12,
20-22], inflammation [9, 14], or trauma [23, 24]. Given that
genetically identical HIV variants have been observed in lon-
gitudinal specimens from the uterine cervix during ART sup-
pression [25, 26], we hypothesized that clones of infected cells
that express RNA from integrated proviruses can produce DS.
However, infection of additional cells by these virions, and
hence full cycles of viral replication, would be blocked in
individuals with adequate levels of antiretrovirals (ie, entry,
reverse transcriptase, and integrase inhibitors). To evaluate
whether DS is due to expression of virions from clones of in-
fected cells, which is without known adverse consequences
in adequately ART-suppressed individuals, or is from full
cycles of HIV replication, which could lead to selection of
drug-resistant variants and therapeutic failure, we prospec-
tively followed ART-naive men and women initiating first-
line nonnucleoside inhibitor-based ART in Lima, Peru for
DS. Their specimens were analyzed to assess infected cell
proliferation vs full cycles of virus replication, antiretroviral
levels, and inflammation.
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METHODS

Study Population and Design

Blood, genital tract, and rectal secretion samples were col-
lected from ART-naive HIV-infected men and women prior to
and during ART. All participants provided written informed
consent, as approved by Institutional Review Boards in Lima,
Peru and Seattle, WA [27]. DS was assessed quarterly in parti-
cipants completing 18-24 months with ART suppression. DS
was defined as a cervicovaginal lavage (CVL), seminal plasma,
or rectal secretions with HIV RNA levels above the limit of
quantification, that is >1.48 log, , copies/mL, >2.08 log, copies/
mL, and >3.18 log  copies/mL, respectively (Figure 1 and
Supplementary Table 1). ART suppression was defined as a me-
dian plasma HIV RNA below the limit of quantification (<1.48
log,, copies/mL). Low-level plasma viremias (LLV) were defined
as transiently detectable plasma HIV RNA between 1.5 and 3.0
log,, copies/mL in participants who met the definition of ART

suppression. Virologic failure was defined as plasma HIV RNA
>3.0log,, copies/mL. At each study visit, participants completed
a questionnaire that asked about genital symptoms and a genital
examination was performed with findings recorded. Genital le-
sions or discharges were diagnosed and treated by participants’
clinicians and were not part of this study.

Specimen Processing

Blood plasma and peripheral blood mononuclear cells (PBMC)
were separated using Accuspin tubes (Sigma-Aldrich). Cell
pellets and plasma fractions were stored at —80°C until nu-
cleic acids were extracted. Genital specimens were collected at
each study visit in the following order: cervical secretions with
a swab (Copan) inserted in the os and rotated 360° and CVL
by washing the uterine cervix and vaginal walls with 10 mL
1 X phosphate-buffered saline and aspirating the fluid from
the vaginal fornix, pelleting cells, then aliquoting supernatant
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Figure 1.

Study schema and outcomes. A total of 126 HIV-infected ART-naive participants with AIDS-defining illness or a CD4* T lymphocytes <250 cells/ul were enrolled

into this observational cohort study to evaluate DS. Forty-four participants (22 women and 22 men) were excluded from the analyses of DS from the genital tract due to LTFU,
death, or confirmed virologic failure (plasma HIV RNA >3.00 log,; ¢/mL). Eighty-nine of 126 participants (71%) who initiated first-line nevirapine-based ART completed 18-24
study months, and 82/89 (92%) had their median plasma HIV RNA suppressed to <1.48 log, ¢/mL (ART suppressed). During the 2-year study, 24/82 (29%) ART suppressed
participants had DS, defined as detectable HIV RNA either in CVL fluid at >1.48 log, ¢/mL, or in SP >2.07 log,; ¢/mL, or in RS >3.18 log,, ¢/mL. Abbreviations: ART, antire-
troviral treatment; ¢/mL, copies/mL; CVL, cervicovaginal lavage; DS, discordant shedding; HIV, human immunodeficiency virus; RS, rectal secretions; LTFU, loss to follow up;

SP, seminal plasma.
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[26]. Semen was collected by masturbation, with separation
of seminal plasma and seminal cells after liquification [28],
and rectal secretions by filter-paper strips (TearFlo; HUB
Pharmaceuticals) held against the rectal mucosa absorbing fluid
to the shoulder [28].

HIV RNA and DNA Extraction and Quantification

Nucleic acids were extracted from plasma, CVL, and seminal
plasma after 1:5 dilution with Roswell Park Memorial Institute
medium (RPMI; MilliporeSigma), and from rectal secretions
diluted 1:21 using silica-based methods (Supplementary Table
1) [29]. DNA was extracted from PBMC and from seminal cell
pellets, and CVL supernatants when DS was detected using a
Gentra 5 PRIME kit (Gentra Systems).

HIV RNA was quantified in duplicate by a real-time pol-
ymerase chain reaction (rtPCR) amplifying HIV gag [28]
without DNAse treatment. To assess the reproducibility of de-
tection of DS by HIV RNA PCR, CVL samples were tested by
2 additional methods: (1) gag rtPCR and (2) RealTime HIV-1
Viral Load Assay (Abbott). HIV DNA was quantified by rtPCR
of the HIV long terminal repeat (LTR) [30] in pre-ART and
ART-suppressed PBMC, and in CVL specimens using rtPCR of
gag [31] (Supplementary Table 2).

Single-Genome Amplification and Phylogenetic Analysis

Single-genome amplification (SGA) of HIV env C2-V5 region
and pol [25] was performed after treatment with DNase
(Ambion Turbo DNA-free; Life Technologies) on pre-ART
PBMC and DS specimens (cervical swab, seminal plasma, and
rectal secretions). Sequences were aligned in MUSCLE to refer-
ence sequences and submitted to DIVEIN [32] for construction
of maximum likelihood trees with bootstrapping and ana-
lyzed by approximate likelihood ratio test [26, 33]. Sequences
were submitted to GenBank (KU740361-KU743103 and
KX148403-KX148462; Supplementary Material).

Nevirapine and Efavirenz Levels

A reversed-phase liquid chromatography tandem mass spec-
trometry assay was used to quantify nevirapine (NVP) and
efavirenz (EFV) levels in plasma and CVL (dynamic range,
10-15 000 ng/mL) [34]. Therapeutic druglevels were >3000 ng/
mL for NVP [35] and >1000 ng/mL for EFV [36].

Immune Biomarkers

Inflammatory cytokines and chemokines were measured in 50 pL of
CVL (Bio-Plex Pro Human Chemokines; BioRad). Inflammatory
cytokines included: interleukin-1p (IL-1p), IL-2, IL-4, IL-6,
IL-8, IL-10, granulocyte-macrophage colony stimulating factor
(GM-CSF), tumor necrosis factor-a (TNF-a), interferon-y (IFN-
v), IEN-y induced protein-10 (IP-10), macrophage inflammatory
protein-1a (MIP-1a), and MIP-1B. Chemokines included: eotaxin,
fractalkine, CXCL-1 (GRO), monocyte chemoattractant protein-1
(MCP-1), MCP-3, macrophage-derived chemokine (MDC).

Statistical Analysis

Mann-Whitney test was used to evaluate continuous vari-
ables and Fisher exact test for categorical variables (Prism
GraphPad QuickCalcs). Spearman correlation coefficient
was used to compare HIV RNA to DNA within CVL.
Drug levels (log,, transformed) in plasma and CVL, and
cytokines and chemokines in CVL, were compared be-
tween participants with and without DS using generalized
estimating equations to account for multiple comparisons
(Stata SE V12.1; StataCorp). All tests were 2-sided with P
values < .05 considered significant.

RESULTS

DS Rates, Correlates, and Reproducibility of Detection

The study enrolled 126 participants; 89 completed 18-24 study
months, with 82 participants (34 women/48 men) achieving
ART suppression. Prior to initiating ART, HIV RNA was de-
tected in CVL of 25/34 (74%) women and in the seminal plasma
0f 43/48 (90%) and rectal secretions of 15/17 (88%) men. A me-
dian of 9 genital tract specimens per participant were analyzed
(interquartile range [IQR], 8-9 study visits, including pre-ART
at study entry). DS was detected in 24/82 (29%) participants
(9 women/15 men) at 39/575 (7%) time points. The frequency
of study visits with DS detected was similar across specimens:
CVL 13/253 (5%), seminal plasma 20/322 (6%), and rectal se-
cretions 6/85 (7%).

LLV were detected in 33/82 (40%) participants [33] at 49/575
(9%) study visits, with a median HIV RNA of 1.86 log,, copies/
mL (IQR, 1.60-2.14 log  copies/mL). Episodes of LLV (n = 49)
occurred at an increased frequency at time points of specimens
with vs without DS (7/39 [18%] vs 42/536 [8%)], respectively;
P =.04). Among 24 participants with DS, concomitant DS and
LLV were detected in 7/24 (29%) of participants on 1 occasion
(female participant number 89; male participant numbers 21,
39, 56, 71, 78, and 91) (Supplementary Figure 1).

Analysis of pre-ART samples found that female participants
with vs without DS had higher HIV RNA in CVL and male par-
ticipants had higher HIV RNA in rectal secretions. Those with
vs without DS were younger in both sexes (Table 1).

During ART suppression, HIV RNA in the 39 DS specimens
were at or near the limit of quantification. Repeat testing of the
13 DS CVL for reproducibility detected HIV RNA in the second
test of 9/13 (69%) specimens by the gag rtPCR, and signifi-
cantly fewer (2/13 [16%]; P < .001) by the RealTime HIV-1 assay
(Supplementary Table 2). Among women with DS detected during
the study, abnormal genital tract findings included a whitish dis-
charge in 3 and a genital ulcer in a fourth participant. These find-
ings were observed more frequently at time points with vs without
DS (4/13 vs 0/51; P = .002). Volumes of seminal plasma and rectal
secretions were insufficient to assess reproducibility of HIV RNA
levels. Abnormal findings among men with DS detected during
the study included hemorrhoids in 2 and warts in a third. These
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Table 1. CD4* T-Cell Counts and HIV Load in Participants Prior to Initiation of ART by Whether Discordant Shedding Was or Was Not Detected During ART
Suppression

With DS, median (IQR) Without DS, median (IQR)

Characteristic (Women n =9; Men n = 15)? (Women n = 25; Men n = 33)° PValue

Women
Age, y 29 (24-32) 35 (30-41) .02°
Plasma HIV RNA, log,, copies/mL 5.18 (4.62-5.80) 5.09 (4.62-5.53) .51
CD4*, T cells/uL 132 (83-228) 133 (42-206) .56
HIV DNA in PBMC, log,, copies/10° cells 3.02 (2.67-3.28) 3.33 (3.08-3.49) .07
Cervicovaginal lavage HIV RNA, log,; copies/mL 3.27 (1.79-4.22) 1.96 (1.00-2.72) .03

Men
Age, y 29 (27-37) 37 (31-41) .03
CD4*, T cells/uL 110 (48-204) 123 (41-196) .99
Plasma HIV RNA, log,, copies/mL 5.34 (4.84-5.87) 5.43 (4.87-5.95) .38
HIV DNA in PBMC, log,, copies/10° cells 3.44 (3.15-3.62) 3.20 (2.80-3.50) 155
Seminal plasma HIV RNA, log,, copies/mL 4.08 (3.43-5.08) 4.24 (3.64-5.12) .51
Rectal secretions HIV RNA, log,, copies/mL 5.08 (4.18-5.38) 6.00 (6.00-6.00) .04

Abbreviations: ART, antiretroviral treatment; DS, discordant shedding; HIV, human immunodeficiency virus; LTR, long terminal repeat; PBMC, peripheral blood mononuclear cells.

“Men without DS contributed fewer specimens to the following: HIV DNA PBMC log,, copies/10° cells n = 33; seminal plasma HIV RNA n = 32; TearFlow secretions n = 11; and for those
with DS: HIV DNA PBMC LTR log,, copies/106 cells n = 13; seminal plasma HIV RNA n = 13; rectal secretions n = 3.

°P value that are considered statistically significant are indicated in bold.

abnormalities were not associated with their specimens with vs

without DS (1/26 [4%] vs 2/85 [2.4%], respectively; P = .55).
Because neither the gag rtPCR or RealTime HIV-1 assays

include DNase, HIV DNA present in these specimens would

be quantified along with HIV RNA and could result in errone-
ously detected or inflated HIV RNA levels. Testing of DS CVL
detected HIV DNA in 6/13 (46%) specimens at low levels (me-
dian, 1.8 log, , copies/mL; IQR, 1.6-2.1) (Supplementary Table 2).
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Figure 2. HIV RNA and DNA levels in CVL of female participants. A, HIV RNA and DNA quantified in all CVL by gag rtPCR, including 34 pre-ART (white) and first value
from 253 CVL collected during ART classified as DS (black) or not DS (grey). HIV DNA correlated with RNA levels across all pre-ART (p, .47; P=.0007) and during ART (p, .20;
P=.001). B, HIV RNA and DNA levels in CVL from 9 participants with 13 episodes of DS (black squares and triangle) and without DS (white squares). Triangle indicates the
single DS specimen from participant 86 that following DNase treatment yielded 17 HIV RNA envsequences. HIV RNA and DNA below the limit of quantification from multiple
specimens are stacked in the lower left corner of the graph. HIV DNA correlated with RNA levels in these 13 DS specimens (r=0.16; P=.02). The correlation between HIV
RNA and HIV DNA values in DNase-untreated specimens, and the inability to amplify HIV RNA sequences following DNase treatment of CVL, suggest that HIV DNA detected
in 6 of the specimens accounted for a significant fraction of nucleic acids quantified as “HIV RNA" by the real-time gag assay, and that these episodes of DS could have
been false positives. Abbreviations: ART, antiretroviral treatment; ¢/mL, copies/mL; CVL, cervicovaginal lavage; DS, discordant shedding; HIV, human immunodeficiency virus;
rtPCR, real-time polymerase chain reaction; SGA, single-genome amplification.
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CVL HIV DNA correlated with HIV RNA prior to starting ART ~ pol n =1, env n =0), 2 time points from participant 55 (rectal
(r=0.47; P < .001) and during ART (r = 0.20; P = .001; Figure 2). secretions poln = 1 from 1 time point, envn = 1 from a separate

time point), from participant 71 (seminal plasma, pol n = 33,
Single Genome Amplification of HIV envand pol env n = 14), and participant 86 (endocervical swab pol n =2,
env n = 17); genital tract HIV RNA values were 2.78, 3.26,
4.40, 3.15, and 2.86 log, | copies/mL, respectively. HIV RNA in

plasma corresponding to these DS specimens was undetectable

Sequences were derived by SGA from pre-ART genital tract
specimens with detectable HIV RNA at approximately the rate
estimated by rtPCR (Supplementary Table 2).

DS specimens yielded HIV env and/or pol SGA sequences
from 5/39 (13%) specimens from 4/24 participants, as follows:
0/13 (0%) CVL, 1/13 (8%) cervical swabs, 2/20 (10%) sem-
inal plasma, and 2/6 (17%) rectal secretions. The 5 specimens

(participants 54 and 55), below the limit of quantification (par-
ticipant 86), or low (1.98 log  copies/mL, participant 71).

HIV RNA env sequences (n=17) from participant 86
DNase-treated DS cervical swab included 2 clades, with iden-

ylelding sequences were from participant 54 (seminal plasma, tical sequences from both cervical swab RNA and CVL DNA
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Figure 3. Phylogenetic analyses of HIV env sequences from pre-ART and time of DS from genital tract. HIV SGA sequences from the blood and genital tract specimens
collected pre-ART and during episodes of DS are shown for female participant 86 (A4), and male participant 71 (B), whose DS specimens yielded multiple HIV RNA sequences
after DNAse treatment. In both cases the HIV RNA sequences derived from cervical swab or seminal plasma during DS episodes were identical to sequences from pre-ART
specimens and did not diverge from the most recent common ancestor of infection compared to sequences from pre-ART specimens; this suggests that a proliferating cell
clone may have produced these virions. HIV DNA sequences derived from seminal cell pellet and cervicovaginal lavage collected at time of DS were monotypic in the female
participant 86 and too few to assess from the male participant 71. All HIV RNA and DNA sequences from participant 86 samples were hypermutated and most likely were
not replication competent. HIV RNA was detected in participant 71 plasma at a low level, a "blip” of 1.98 log,, copies/mL, concurrent with detection of genital shedding,
whereas in participant 86 plasma viral load was undetectable at the time of DS. Sequences were rooted using representative HIV-1 subtype B sequences from the GenBank
database (clade B: B.US.83.RF, B.US.90.WEAU160, B.FR.83.HXB2, B.US.86.JRFL). Maximum likelihood trees were generated in DIVEIN with bootstrap values estimated by
approximate likelihood ratio test. Bootstrap values >70 are indicated in red. Scale bars indicate number of substitutions per site. Abbreviations: ART, antiretroviral treatment;
c¢/mL, copies/mL; CVL, cervicovaginal lavage; DS, discordant shedding; HIV, human immunodeficiency virus; mo, month after ART initiated; PBMC, peripheral blood mononu-
clear cells; SGA, single-genome amplification.
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(Figure 3); all were hypermutated with multiple stop codons,
did not diverge from her most recent common ancestor of in-
fection, and were identical to pre-ART CVL DNA sequences.
The pol sequences (n=2) did not have mutations associ-
ated with drug resistance. DS DNase-treated seminal plasma
HIV env sequences (n =14) from participant 71 were iden-
tical (Figure 3), and the pol sequences (n = 33) clustered in a
monotypic clade that did not diverge from pre-ART seminal
plasma sequences, with no drug-resistance mutations. Single
pol sequences from participants 54 and 55 DNase-treated speci-
mens had no drug-resistance-associated mutations.

Antiretroviral Levels in CVL

Women with DS included 5 prescribed NVP-based ART and 3
EFV-based ART; 1 of the latter developed a rash and switched
to atazanavir/rt. NVP plasma levels in participants with DS did
not differ significantly at time points with vs without DS (n = 8

vs 14 time points, respectively), nor compared to specimens
from comparable study time points (n = 38) from participants
in whom DS was not detected during the study (Figure 4A).
Plasma NVP levels were below therapeutic ranges in speci-
mens from 4 women (1 participant with discordant shedding
at a study visit when plasma HIV RNA was undetectable and 3
with no DS detected during the study). Plasma EFV levels sim-
ilarly were not different between participants with vs without
DS (Figure 4B). Plasma EFV levels were below the therapeutic
range in 1 woman without DS. Of note, all 4 participants with
HIV RNA amplified and sequenced from DS specimens had
plasma antiretroviral levels in the therapeutic range.

Nevirapine and EFV CVL levels were all below therapeutic
ranges as derived from 10 mL saline irrigations (approxi-
mately 10x dilution of cervical secretions; Figure 4C and 4D).
However, among those who took NVP-based ART, levels were
slightly lower in those with vs without DS.
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Figure 4.  Comparison of NVP and EFV levels in plasma and CVL of females with vs without DS during ART. NVP (circles) and EFV (squares) levels measured in plasma (A and B) and CVL
(Cand D) by tandem mass spectrometry are shown relative to lower limit of therapeutic levels for NVP 3000 ng/mL and EFV 1000 ng/mL in the plasma (dashed lines). Median NVP plasma
levels did not differ significantly between time points when DS was vs was not detected, nor did levels differ from matched participants without DS detected. Fewer participants took EFV,
yielding too few values for a meaningful comparison. Therapeutic EFV plasma levels in female participant 86 with multiple HIV RNA templates amplified from genital tract DS specimen
are indicated by inverted triangles. CVL NVP and EFV levels were all below the therapeutic levels of these antiretrovirals due to dilution of cervicovaginal secretions with 10 mL saline.
Abbreviations: ART, antiretroviral treatment; CVL, cervicovaginal lavage; DS, discordant shedding; EFV, efavirenz; NS, not significant; NVP. nevirapine.

782 « JID 2020:222 (1 September) « Bull et al



Immune Biomarkers in CVL

CVL cytokines/chemokines concentrations generally did
not significantly differ between women with vs without DS
(Supplementary Figure 2). Of note, elevated outliers include
cytokines/chemokines in specimens from participant 86 at a
study visit with DS detected (her study month 9 results, red
symbols) when sequences were amplified, specifically GM-CSF,
sCD40L, VEGE MIP1-q, IL-1p, IL-6, IL-8, IL-10, IL-12p40, and
IP-10 (Supplementary Figure 3).

DISCUSSION

This study contributes the following novel findings that reflect
on the mechanisms and significance of episodic DS of HIV from
the genital tract and rectum: (1) HIV RNA levels detected as
DS were primarily just above the limit of quantification, in the
range that viruses are stochastically detected or signal is derived
from off-target amplification [37]; (2) HIV DNA was detected
at higher levels in CVL specimens with vs without DS and were
positively associated with HIV RNA levels, suggesting that HIV
DNA from lysed cells could be misconstrued as HIV RNA; (3)
multiple monotypic HIV RNA env and pol sequences were amp-
lified from a small subset of DS specimens that were identical
to monotypic HIV DNA sequences, which is consistent with vi-
rion production by proliferating cells; (4) the DS specimen from
a female participant yielding the most viral RNA sequences had
elevated chemokines and inflammatory cytokines, suggesting
that inflammation may contribute to or be caused by DS; (5)
DS was associated with concomitant LLV, which is expected if
the participant is experiencing episodic viral replication or ex-
pansion of a clone of HIV-infected cells; and (6) antiretroviral
levels in plasma did not differ between those with vs without DS
and were therapeutic in all participants with detectable DS, sug-
gesting that HIV shedding from the genital tract was not due to
ART nonadherence; and, lastly, (7) lower antiretroviral levels
were found in CVL from those with DS, which may be due to
greater dilution of antiretrovirals by increased genital tract se-
cretions associated with inflammation, or simply by chance as
CVL were variably diluted as assessed by volume of lavage fluids
recovered.

The prevalence of DS detected in our population (29%) was
similar to other studies (0%-50%), as were HIV RNA levels in
DS specimens [1-13, 38, 39]. HIV RNA was not reproducibly
detected in our DS specimens, which combined with our and
others’ mostly failed attempts to sequence HIV RNA from DS
specimens [1, 9], suggests stochastic detection of rare HIV RNA
templates near the limit of quantification or off target amplifica-
tion (ie, false-positive reactions) [37]. HIV DNA was detected
in a subset of DS specimens. As commercial and the laboratory-
validated HIV RNA quantification assays we employed did not
include DNase treatment of the specimens prior to quantifica-
tion, the HIV DNA in the DS specimens likely contributed in

part or in full to the “HIV RNA” detected in DS CVL specimens
[1,6,7,9, 39, 40]. This is further supported by our finding that
HIV RNA correlated with DNA levels across CVL specimens,
and could explain why after DNase treatment amplification of
HIV RNA templates was rare from DS specimens.

Other studies of DS of HIV from the vagina evaluated speci-
mens for both HIV RNA and DNA [7, 38, 40, 41], as performed
in this study, and noted that detection of HIV DNA correlated
with white blood cells collected using swabs [40]. In another
study [38], HIV DNA was detected less frequently compared
to this study, most likely due, at least in part, to collection of
cervical secretions using TearFlo filter paper strips, which is less
likely to collect cellular material compared to CVL. Of note,
CVL in the current study was not clarified of cells by centrif-
ugation after sample collection, which likely contributed to the
higher frequency of HIV DNA detection.

While others have attempted to sequence HIV RNA tem-
plates from DS specimens [1, 9], our review of the literature
suggests we were the first to succeed, albeit modestly. There
were only 2 genital specimens from episodes of DS that yielded
>10 HIV env and pol sequences. Both bore multiple monotypic
HIV RNA and DNA sequences, which supports our hypoth-
esis that cell clones produced virions detected as DS. Although,
without sequencing of the associated HIV integration sites to
substantiate a clonal population, it could be argued that these
sequences came from a burst of viral replication. Importantly,
DS HIV RNA sequences from 1 participant were hypermutated,
suggesting APOBEC modifications rendered these variants
defective and incapable of full cycles of viral replication. The
second participant (number 71) had HIV RNA concomitantly
detected in both blood and seminal plasma. His blood yielded
diverse sequences, consistent with HIV replication, that inter-
mingled with pre-ART plasma sequences [42]. However, nei-
ther his seminal plasma env or pol sequences diverged from his
pre-ART sequences, nor had drug-resistance mutations. Across
participants, LLV were detected at a slightly, but significantly,
greater frequency in participants with vs without DS. The oc-
currence of both LLV and DS concomitantly is suggestive of
nonadherence to ART [25, 43-46]. However, as we previously
reported [33], these LLV had a low median HIV RNA (1.86 log, .
copies/mL), most yielded monotypic sequences, and were asso-
ciated with elevated plasma levels of high-sensitivity C-reactive
protein and soluble CD163; all these factors are consistent with
proliferation of HIV-infected clonal cell populations with pro-
duction of virions. Furthermore, the absence of drug-resistance
mutations in any of the 4 participants’ HIV pol sequences and
therapeutic plasma antiretroviral levels at the DS specimen time
points and consistently during our study, as has been reported
by other studies [7, 11, 12], provides evidence against ART
nonadherence as the cause of DS.

Low levels of NVP and EFV have been reported in both the
male and female genital tract [13, 47]. While we assessed NVP
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and EFV in CVL, these measurements were compromised by
variable dilution of each woman’s secretions. While CVL NVP
levels appeared lower in women at study visits when DS was de-
tected, their plasma levels did not differ significantly, which sug-
gests that discordant shedders had less antiretrovirals reaching
the genital tract, or more likely that antiretrovirals in the genital
tract secretions were more dilute either as a stochastic event or
by inflammation increasing the volume of secretions.

The woman whose DS cervical swabs yielded numerous HIV
RNA and DNA sequences had proinflammatory markers (IL-14,
IL-6, IL-10, and IL-12p40) and chemotactic factors (IL-8, G-CSE
GM-CSE IP10, MIP1a, MIP1, sCD40L, TNF-q, and VEGF) in her
CVL that were markedly elevated compared to other participants.
These factors promote migration of inflammatory cells [48], and the
pronounced increase in innate and T-cell chemoattractants perhaps
led HIV-infected cells into the mucosa where these underwent pro-
liferation and released HIV RNA.

Limitations of this study include that seminal plasma and
rectal secretion volumes were insufficient to test the repro-
ducibility of HIV RNA quantification, and quantify HIV
DNA, antiretrovirals, or cytokines. Rectal secretions were col-
lected from a minority of participants and the small volume
collected resulted in a relatively high limit of quantification
(Supplementary Table 1). CVL were compromised by variable
dilution of cervicovaginal secretions without a standard analyte
added for normalization. Quantification of HIV RNA in gen-
ital tract specimens without prior DNase treatment precluded
accurate estimates of the true prevalence of DS of HIV RNA,
which is also likely a limitation of other studies [1-10, 12, 28,
41, 49]. The amplification of HIV RNA sequences from rela-
tively few DS specimens after DNase treatment may be per-
ceived as a methodologic limitation. However, given the lack
of reproducible quantification by 2 different HIV RNA quan-
tification assays, and our use of a methods well established in
our laboratory [33], suggest a paucity of HIV RNA templates in
these specimens. Other limitations include sampling the genital
tissues quarterly instead of more frequent sampling. ART ad-
herence was reported to be high in this study and missed study
visits infrequent in those with vs without DS (7/182 [4%] vs
7/352 [2%], respectively; P = .25). Lastly, the majority of males
in the study refused to provide rectal specimens and often were
only able to provide limited semen volumes.

In summary, our study suggests that DS can be falsely diag-
nosed due to amplification of HIV DNA in genital tract spe-
cimens. This is supported by the detection of HIV RNA/DNA
at levels near the limit of quantification and that individuals
with DS had greater pre-ART HIV RNA levels in CVL or rectal
secretions but not in their plasma, suggesting that cells in the
vagina or rectum could have produced virions locally or HIV
DNA in the cells could be misconstrued as HIV RNA. The
following, multiple findings from our study contribute data
that refute the hypothesis that HIV replication causes DS and

support the hypothesis that DS is the result of HIV-infected
cell proliferation with viral RNA transcription leading to the
production of virions: (1) rare DS specimens yielded multiple
sequences, which were clonal; (2) the DS specimen that yielded
the most sequences were all hypermutated and likely noninfec-
tious; (3) and this was associated with elevated levels of CVL
chemokines and cytokines that could drive cellular prolifera-
tion; (4) amplified sequences did not reveal evolution or new
HIV drug-resistance mutations; and (5) individuals with and
without DS had similar levels of plasma antiretrovirals in the
therapeutic range. Importantly, these findings also suggest that
DS poses a negligible, if any, risk of HIV transmission and do
not provide data counter to the axiom “undetectable (plasma)
equals untransmittable” [50, 51].

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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