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Objective: Determine the frequency of genital HIV-1 shedding in a large cohort of women on 

long-term suppressive antiretroviral therapy (ART) and its association with mucosal inflammation.

Design: We measured levels of HIV-1 RNA and inflammation biomarkers in cervicovaginal 

lavage (CVL) from HIV-seropositive women enrolled in the Women’s Interagency HIV Study 

(WIHS).

Methods: HIV-1 was quantified (Abbott RealTime HIV-1 assay) from CVL samples of 332 

WIHS participants with and without clinical evidence of genital inflammation at the time of CVL 

collection; participants had suppressed plasma viral load (PVL) (limit of quantitation <20–4000 

copies/ml depending on year of collection) for a median of 7.1 years (interquartile range=3.4–9.8, 

Group 1) or for a median of 1.0 years (IQR=0.5–1.0, Group 2). Twenty-two biomarkers of 

inflammation were measured in CVL to compare with clinical markers.

Results: HIV-1 was detected in 47% of 38 pre-ART CVL samples (median 668 copies/ml) and 

detection in CVL was associated with higher pre-ART PVL. HIV-1 was detected in only 1 of 38 

CVL samples from these women on suppressive antiretroviral therapy for one year. No HIV-1 

RNA was detected in 294 CVL samples from a cross-sectional set of women with suppressed PVL 

for a median of 7 years. Clinical inflammation markers were correlated with inflammatory 

biomarkers in CVL specimens, although genital inflammation was not associated with measurable 

genital HIV-1 shedding in these WIHS participants on ART.

Conclusions: ART that suppresses HIV-1 in the plasma of women also prevents genital tract 

HIV-1 shedding, even in the presence of genital tract inflammation.
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Introduction

HIV-1 shedding in the female genital tract is the source of virus for female-to-male sexual 

transmission [1]. Women with plasma viremia shed HIV-1 from the genital tract; studies 

have detected HIV-1 in the genital tract of 20–80% of women with plasma viremia [2-7]. 

HIV-1 is more likely to be detected in the genital tract of women with higher plasma viral 

loads (PVLs) than in women with low PVL [2,5,8-10]. Sexually transmitted infections and 

genital inflammation also appear to increase genital HIV-1 shedding [5,11]. Even when PVL 

is undetectable in women on antiretroviral therapy (ART), genital shedding has been 

detected in 2–34% of samples [4,7,11-14]. The design and methods of these studies have 

varied substantially with respect to duration and durability of PVL suppression, anatomic 

location of sampling (cervix versus vagina), and sampling technique.

ART leads to undetectable levels of HIV-1 in the blood and virtually eliminates the risk of 

sexual transmission [15,16]. Accordingly, public health agencies now promote the message 

that people whose PVL is undetectable have zero risk of sexually transmitting HIV-1 to 

others (Undetectable = Untransmittable, U=U) [17]. Questions persist, however, concerning 

the amount of virus present in the genital tract of women who receive suppressive ART. 
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There are clinical implications for both sexual transmission and perinatal transmission of 

HIV-1, particularly in the setting of genital tract infection or inflammation. We evaluated the 

frequency and amount of HIV-1 shedding from the genital tract of women with long-term 

PVL suppression among participants in the Women’s Interagency HIV Study (WIHS), a 

well-characterized cohort of women living with or at risk for HIV infection.

Methods

Recruitment, data collection, and characteristics of WIHS participants have been previously 

reported [18-20]. Study visits occur every 6 months and include quantitation of PVL, 

clinical evaluation of genital inflammation, and collection of cervicovaginal lavage (CVL) 

using 10 ml of saline.

Study Groups:

We selected two different groups of WIHS participants for our present study. Women in 

Group 1 (n=294) were selected because they presented with suppressed plasma viremia, had 

longitudinal PVL and CVL samples available for five consecutive study visits post 

suppression, and exhibited signs of clinical inflammation in the vaginal tract during 1 or 

more of those 5 study visits. Clinical inflammation was defined as being positive for at least 

1 of the following 7 inflammatory conditions: vaginal pH>5.5 (suggestive of bacterial 

vaginosis), visible cervical lesions, cervical ectopy, cervical friability, cervical exudate, 

trichomoniasis (diagnosed by wet mount), and inflammation noted on Pap smear 

(interpreted centrally for the WIHS). Upon identification of these women, one of the five 

longitudinal CVL samples (usually the third, or midpoint, visit) was selected for testing of 

genital HIV shedding. The 294 women had PVL suppressed for a median of 7.1 years 

(range=0.2–17.0 years, IQR=3.4–9.8 years). The Group 1 samples were collected between 

2002 and 2012, during which time the lower limit of quantification (LLQ) for plasma 

viremia decreased from 80 cp/ml (bioMerieux NucliSens) to 20 cp/ml (Roche TaqMan) 

between 2002 and 2012.

Group 2 comprised 38 HIV-positive women who were selected if their CVL specimens were 

available at the visit prior to ART initiation and at the 1-year visit after PVL suppression 

(approximately 1.5 years after the first sample). These samples were collected from women 

between 1995 and 2013, during which the LLQ for PVL testing decreased from 4000 cp/ml 

(NASBA) to 20 cp/ml (Roche TaqMan). Group 2 women were further selected to be in four 

subgroups based on the number of clinical inflammation markers at the pre-ART and one-

year-suppressed visits, having: (i) at least one clinical inflammation marker at both visits 

(Inflammation/Inflammation or I/I; n=10), (ii) at least one marker at only the pre-ART visit 

(Inflammation/No inflammation or I/N; n=10), (iii) at least one marker at only the one-year-

suppressed visit (No inflammation/Inflammation or N/I; n=10), or (iv) no markers at either 

visit (No inflammation/No inflammation or N/N; n=8). These inflammation criteria and 

CVL availability constrained the number of women who could be included, so we did not 

expand the number of women in Group 2 beyond these 38. Unfractionated CVL samples 

from both time points were tested for genital shedding of HIV.
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HIV-1 RNA quantitation in CVL:

The optimization of HIV-1 RNA quantitation in unfractionated CVL samples is described in 

the Supplemental Materials. CVL specimens were tested for HIV-1 RNA levels with the 

Abbott RealTime HIV-1 Assay after pre-treatment with proteinase K. Specifically, 0.06 ml 

Abbott Proteinase K (catalog# 03L78–060) was added to 0.74 ml CVL and manually mixed 

by pipetting, incubated at 53°C for 20 min, vortexed briefly, and spun at 3200g for 5 min. 

The mixture was run on the Abbott m2000sp with the 0.6 ml plasma program, and 

quantified on the Abbott m2000rt. Results were corrected for the small dilution, so the LLQ 

was 42 cp/ml.

Biomarker testing:

Inflammation biomarkers were quantified in CVL from Group 2 women using a Milliplex 

17-plex kit (Millipore) run on Luminex MagPix (GM-CSF, IFN-γ, IL-10, IL-12p40, 

IL-12p70, IL-15, IL-1RA, IL-1α, IL-2, IL-4, IL-6, IL-8, IP10, MCP-1, MIP-1β, RANTES, 

and TNFα). Five additional biomarkers were tested by ELISA: CD163 (R&D Systems), 

SLPI (R&D Systems), IFN-α (PBL Assay Science), and beta-defensins 2 and 3 (Assay 

Biotech).

Statistical analysis:

The unadjusted association between log10 PVL and detectable viral load (VL) in CVL was 

analyzed using logistic regression to estimate an odds ratio (OR), and by Spearman rank 

correlation. Likewise, logistic regression was used to assess the association between clinical 

inflammation marker category (0, 1, or 2+ markers) and detectable VL in CVL; a 3-category 

functional form was selected using visual assessment of the model fit. Associations between 

the number of clinical markers (range: 0 to 5) and biomarker levels were evaluated using 

Kendall’s tau-b correlation coefficient at the pre-ART and post-ART time points, separately. 

To account for conducting 42 statistical tests (21 evaluated biomarkers x 2 time points), a 

Benjamini-Hochberg false discovery rate (FDR) p-value adjustment was applied. At the pre-

ART visit, biomarker levels were compared by viral shedding status (detectable vs. not 

detectable) using a Wilcoxon rank-sum test and a Hodges-Lehmann 95% confidence interval 

(CI) for location shift; a Benjamini-Hochberg FDR p-value adjustment was applied. Left and 

right censoring of biomarker levels was handled by setting values below or above the cutoffs 

to the lowest or highest rank, respectively. IFNα was removed from the analysis due to a 

lack of variability

Results

Absence of HIV-1 shedding in CVL in women on suppressive ART for a median of 7 years.

The women in Group 1 were aged 25–74 years, with a median of 45 years (IQR=40–51 

years); 52% were pre-menopausal, 12% peri-menopausal, and 36% post-menopausal (all 

self-reported) and had suppressed PVL for a median of 7.1 years (IQR=3.4–9.8 years). 

HIV-1 shedding has been associated with genital tract inflammation [5,11], and, therefore, 

we purposely biased our sample selection toward women on suppressive ART who showed 

clinical evidence of inflammation. Two-thirds of the Group 1 women (193 of 294, 66%) 
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presented with at least 1 of the 7 clinical markers of inflammation (see Methods) at the 

tested visit (108 with exudate, 79 with vaginal pH<5.5, 47 with inflammation noted on Pap, 

26 with cervical friability, 9 with cervical ectopy, 8 with trichomoniasis, and 6 with cervical 

lesions). However, HIV-1 shedding was not detected in any of the CVL specimens among 

the Group 1 women (95% CI: 0 to 1.2%). When we tested CVL collected at the preceding 

visit from 30 randomly chosen women among those with inflammation at the initially tested 

visit, HIV-1 was again not detectable. The absence of genital HIV shedding was confirmed 

by spiking with HIV-1 duplicate CVL samples from 9 randomly chosen women from Group 

1 to demonstrate that HIV-1 could be detected if present (1907 cp/ml were detected in the 

spiked PBS control and 415–1557 cp/ml were detected in the nine spiked CVL samples).

Transition from shedding in the absence of ART to no shedding on suppressive ART.

To assess the potential impact of inflammation on HIV-1 shedding in the genital tract around 

the time of ART initiation, we selected a second group of WIHS participants for whom two 

CVL specimens were available that were collected just prior to ART initiation and at 

approximately one year after onset of PVL suppression (Table 1). We hypothesized that one 

year of suppression was a time when most women should have stopped shedding, but likely 

close enough to ART initiation to evaluate the impact of inflammation. Close to 50% (18 of 

38; 47%) of the women in Group 2 had detectable HIV-1 RNA in their pre-ART CVL 

samples. CVL virus load ranged from 44 to 4776 cp/ml with a median value of 668 cp/ml 

(IQR=235–2305 cp/ml), and was correlated with the magnitude of pre-ART plasma viremia 

(n=37 evaluable, Figure 1). A 1.0 log10 increase in PVL corresponded to 2.9-times the odds 

of detectable CVL VL (estimated OR=2.9, 95% CI 1.2 to 6.9, p=0.01; Supplemental Figure 

S1). This result confirmed that the failure to detect shedding virus in women with long term 

suppression was not due to an inability to detect virus when it is present.

There was no clear association between detectable CVL HIV-1 RNA and clinical 

inflammation, although only one woman in the N/N group (no clinical inflammation 

markers at either visit) had detectable VL in her CVL at the pre-ART visit, and this was the 

sample that was detectable below the quantitation limit of the assay (listed as <42 in Table 

1). Overall, 55% of CVL samples from visits with clinical inflammation markers had 

detectable HIV-1 RNA, compared to 39% of samples from visits without clinical 

inflammation markers.

After one year of suppressed PVL on ART, one CVL sample from Group 2 had detectable 

CVL HIV-1 RNA (770 cp/ml). This woman had no markers of clinical inflammation at the 

second visit, but had one inflammation marker (vaginal pH>5.5) at her pre-ART visit, when 

viral RNA was not detectable in her CVL specimen. The Group 2 women (at the latter visits) 

were aged 29–65 years, with a median of 47 years (IQR=36–53 years); 66% were pre-

menopausal, 8% peri-menopausal, and 26% post-menopausal (all self-reported). In 

summary, only one of the 38 CVL samples collected after one year of suppressed PVL had 

detectable HIV-1 (2.6%, 95% CI 0.067% to 14%), while HIV-1 genital shedding was 

detected in 47% (18 of 38, 95% CI 31% to 64%) of the women before initiating therapy.
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Role of clinical markers of inflammation in predicting HIV-1 shedding in the genital tract.

Among the women in Group 2 with clinical inflammation markers before starting ART 

and/or after one year of PVL suppression, the most common marker was high vaginal pH (> 

5.5). The presence and distribution of the clinical inflammation markers by group and visit is 

summarized in Table 2. To evaluate more closely the relationship between genital tract 

HIV-1 shedding and the presence of specific clinical inflammation markers in women with 

HIV-positive CVL samples (n=18 women pre-ART and n=1 post-PVL suppression), we 

examined whether the type of clinical marker or a combination of markers was associated 

with shedding. Although the small sample size (n=38) limited the sensitivity of this analysis, 

we did not find an association between clinical marker category and the odds of detectable 

CVL viral load (OR=1.2 [95% CI 0.24 to 6.1, p=0.81] for 1 vs. 0 clinical markers, and 

OR=4.3 [95% CI 0.80 to 23, p=0.09] for ≥2 vs. 0 clinical markers. These results implied that 

genital tract HIV-1 shedding in these WIHS participants was not associated with 

inflammation based on clinical inflammation markers (Supplemental Figure S2). To further 

strengthen this conclusion, we examined whether known immune biomarkers of 

inflammation were correlated with clinical markers of inflammation. We measured 21 

biomarkers in both the pre-ART visit and one-year-suppressed ART time point in Group 2 

CVL samples (Supplemental Figure S3). Nine of the biomarkers (GM-CSF, IL-8, IL-10, 

IL-4, IL-1α, MIP-1β, RANTES, CD163, IL-12p40) were positively correlated with the 

number of clinical inflammation markers found pre-ART and/or post-suppression, with 

Kendall tau-b correlation coefficients between 0.22 and 0.42 and unadjusted p-values <0.10 

(Figure 2). However, after false discovery rate adjustment, only the GM-CSF post-treatment 

correlation remained significant (p=0.04) in this small number of samples. Further, among 

women in Group 2 with clinical inflammation, no major differences in biomarker levels 

were detected at the pre-ART visit between women with detectable (n=18) and women with 

non-detectable (n=20) CVL HIV-1 RNA.

Discussion

The goal of this study was to assess the association between local inflammation in the 

female genital tract and HIV-1 shedding in women with suppressive ART. We selected two 

groups of women from the well characterized WIHS cohort, with women in Group 1 being 

virally suppressed in plasma for a median of 7.1 years, whereas women in Group 2 were 

suppressed for one year. Our results indicate that suppression of viremia, even in the 

presence of clinical inflammation, prevents genital tract HIV-1 shedding, further supporting 

the message that “undetectable is untransmittable.”

Based on previous studies [5,11-13,21,22], including those that reported the contribution of 

inflammation to genital tract HIV-1 shedding, we had expected 2–34% of the CVL samples 

to have detectable HIV-1 while on suppressive ART. However, within the limits of the 

sensitivity of our optimized HIV-1 RNA assay in CVL samples, none of the women in 

Group 1, who were virologically-suppressed for a median of 7.1 years, had detectable 

genital tract HIV-1 shedding. This result was consistent with a prior small-scale study by our 

group in which we also found no genital tract shedding of HIV-1 when we analyzed multiple 

specimen types in a group of women with suppressed plasma viremia [23].
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The difference in the frequency of genital shedding during PVL suppression between our 

study (0% for Group 1) and other studies (2–34%) may be due to differences in the duration 

of PVL suppression. Some studies did not specify the length of time on suppressive ART 

[5,11,21], while others followed women for up to two years after starting ART [12,13], but 

did not evaluate risk of shedding with longer time on ART. Another study reported that risk 

of HIV-1 transmission persists during the first 6 months after initiation of ART, likely due in 

part to incomplete HIV-1 suppression in genital compartments [24].

The latter findings are indirectly supported by our results in the women in Group 2. Pre-

ART, 47% of CVL samples of Group 2 women tested HIV-1 RNA positive, but only 1 

woman had evidence of genital tract HIV-1 shedding after ART suppression for one year. 

These results confirm that ART markedly reduces genital tract HIV-1 shedding among 

women in the WIHS cohort, consistent with the absence of transmission in clinical studies 

[15,16].

In the current study, the detection of HIV-1 RNA in pre-ART CVL samples was correlated 

with plasma viremia. Thus, one could hypothesize that the kinetics of suppression in plasma 

viremia may directly influence the kinetics of suppression of genital tract shedding. Another 

variable that could impact the time to suppression might be the type of ART; evaluation of 

the relationship between different ART regimens and genital tract HIV-1 shedding was 

outside the scope of the current study.

The difference in frequency of genital shedding between our study and others is unlikely to 

be due to the use of different assays or different assay sensitivity. In fact, we identified a 

similar proportion of genital tract HIV-1 shedding among women who were not on ART 

(47%) as reported in other studies [5,11-13,21]. The odds of genital tract HIV-1 shedding 

were associated with PVL level at these pre-ART visits, with 2.9-times the odds of 

detectable shedding for each 10-fold increase in PVL (95% CI 1.2 to 6.9), which is similar 

to the odds ratio of 6.1 (95% CI 2.9 to 12.9) reported by Kovacs et al. [2] among WIHS 

participants who were younger (18–45) than those in our study. These results are also similar 

to those reported by Homans et al. of approximately 2.5-times the odds of detectable 

shedding for every 10-fold increase in initial PVL, although their study included detection of 

genital shedding of HIV-1 at multiple visits [3].

All of the WIHS participants studied here were selected based on the presence or absence of 

seven specific clinical inflammation markers documented in the WIHS cohort. Previous 

studies showed that genital inflammation, evidenced by either clinical inflammation markers 

or measurement of cytokines, was associated with higher risk of genital tract HIV-1 

shedding in women both on and off ART [3,5,6,25-30]. Since most of the women in our 

study (213 of 332) had at least one clinical inflammation marker while on suppressive 

therapy and nearly all (331 of 332 women in Groups 1+2 combined) had undetectable 

genital tract HIV-1 shedding post-ART, our results suggest that genital inflammation does 

not lead to detectable shedding if sufficiently suppressive ART therapy is present. This result 

appears to be in contrast to other studies [3,7,11,26], including those with the WIHS cohort 

[3,5], that demonstrated an association between genital inflammation and the odds of genital 

tract HIV-1 shedding. However, as some immune biomarkers correlated with the presence of 
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clinical inflammation, the lack of a statistically significant association between genital tract 

HIV-1 shedding and clinical inflammation observed in the current study was unlikely due to 

under-diagnosis or over-diagnosis of inflammation, but is more likely due to the small size 

(n=38) of the group of participants we studied.

In summary, our results are consistent with studies that have documented a decline in genital 

tract shedding of HIV-1 at a similar rate to that in plasma after ART initiation [4,31,32]. 

These data indicate that successful suppression of PVL by ART reduces female genital tract 

shedding to undetectable levels, in accordance with studies that show suppressive ART 

reduces transmission risk to near zero (untransmittable) [16,33]. The duration of HIV-1 

suppression may be an important factor in the relationship between viral suppression and 

absence of transmission. These data should further strengthen providers’ messages as they 

counsel women and their sexual partners that “Undetectable is untransmittable.”

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. HIV-1 RNA levels in plasma and CVL from 37 WIHS participants before ART 
initiation.
CVL with detectable viral loads are shown in gray circles and CVL with undetectable viral 

loads are shown in white circles.
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Figure 2. Immune biomarker associations with number of clinical inflammation markers at pre-
ART initiation and post-virologic suppression visits of WIHS participants.
Kendall tau-b values plotted for pre-ART (n=37) and post-suppression (n=38) for each of the 

21 biomarkers (GM-CSF, IFN-γ, IL-10, IL-12p40, IL-12p70, IL-15, IL-1RA, IL-1α, IL-2, 

IL-4, IL-6, IL-8, IP10, MCP-1, MIP-1β, RANTES, TNFα, CD163, SLPI, IFN-α, beta-

defensin 2 (BD2) and beta-defensin 3 (BD3)). Clinical inflammation markers included 

vaginal pH>5.5, visible cervical lesions, cervical ectopy, cervical friability, cervical exudate, 

trichomoniasis, and inflammation noted on Pap smear.
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Table 1.

HIV-1 quantitation in cervico-vaginal lavage (CVL) and plasma among 38 participants in the Women’s 

Interagency HIV Study (WIHS) before ART initiation and 1 year after achievement of viral suppression

Pre-ART 1 year ART suppressed

Group
a

Age
Menopause

status

# CI

markers
b

Plasma

VL
c CVL

VL Age
Menopause

status

# CI

markers
b CVL

VL

I/I 54 Post 2
66000

3 1590 56 Post 4 ND

I/I 54 Post 1
1500

5
ND

d 56 Post 2 ND

I/I 34 Pre 5
33000

3 ND 36 Pre 2 ND

I/I 43 Pre 1
100000

3 2254 44 Pre 2 ND

I/I 27 Pre 2
1300

3 ND 29 Pre 2 ND

I/I 44 Pre 3
10454

5 263 46 Pre 3 ND

I/I 51 Peri 4
44000

3 152 53 Post 3 ND

I/I 34 Pre 4
750

3 806 35 Pre 3 ND

I/I 48 Pre 1
30873

4 138 49 Peri 3 ND

I/I 38 Pre 3
4600

3 4391 39 Pre 2 ND

N/I 52 Post 0 * 284 54 Post 1 ND

N/I 63 Post 0
702

4 ND 65 Post 1 ND

N/I 32 Pre 0
160000

3 ND 33 Pre 1 ND

N/I 62 Post 0
14000

3 44 63 Post 1 ND

N/I 31 Pre 0
85000

1 562 33 Pre 1 ND

N/I 32 Pre 0
200000

3 4776 34 Pre 1 ND

N/I 59 Post no data
7400

2 569 61 Post 1 ND

N/I 48 Pre 0
16000

2 ND 49 Pre 1 ND

N/I 36 Pre 0
440000

1 3958 38 Pre 1 ND

N/I 51 Pre 0
18000

3 ND 52 Pre 2 ND

I/N 56 Post 1
2600

3 ND 58 Post 0 770

I/N 50 Pre 1
82000

2 ND 51 Post 0 ND

I/N 33 Pre 1
80

3 ND 34 Pre 0 ND

I/N 52 Pre 1
14000

4 ND 54 Pre 0 ND

I/N 38 Pre 1
18000

3 2179 39 Pre 0 ND

I/N 31 Pre 1
130000

3 49 33 Pre 0 ND
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Pre-ART 1 year ART suppressed

Group
a

Age
Menopause

status

# CI

markers
b

Plasma

VL
c CVL

VL Age
Menopause

status

# CI

markers
b CVL

VL

I/N 34 Pre 2
360000

3 1806 36 Pre 0 ND

I/N 48 Peri 1
142

5 ND 49 Peri 0 ND

I/N 35 Pre 2
130000

3 ND 36 Pre 0 ND

I/N 52 Post 4
15000

3 2459 53 Post 0 ND

N/N 52 Post 0
2750

5 ND 53 Post 0 ND

N/N 32 Pre 0
40100

5 ND 34 Pre 0 ND

N/N 54 Post 0
83649

5 ND 56 Post 0 ND

N/N 35 Pre 0
220

3 ND 37 Pre 0 ND

N/N 49 Peri 0
28000

3
<42

e 50 Peri 0 ND

N/N 50 Pre 0
72

4 ND 51 Post 0 ND

N/N 44 Pre 0
4233

4 ND 45 Pre 0 ND

N/N 39 Pre 0
216

4 ND 41 Pre 0 ND

a
Two letters correspond to the status of clinical inflammation (CI) at first and second visits: I indicates at least one CI marker; N indicates no CI 

markers.

b
Number of CI markers documented at visit (see Methods).

c
LLQ of PVL testing: 14000 cp/ml; 2400 cp/ml; 380 cp/ml; 448 cp/ml; 520 cp/ml.

d
ND=Not detected.

e
HIV-1 was detected but was below the LLQ.

*
Viral load not done at this visit, but ART started after this visit.
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