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We explored the association between violence victimization and increased risk for acquiring
sexually transmitted infections (STIs) in women by measuring cellularimmune barrier

properties from the female reproductive tract. STI-negative participants reporting repeated prior
victimization occurrences through the lifetime trauma and victimization history (LTVH) instrument
were more likely to exhibit alterations in barrier homeostasis and the composition of critical
immune mediators irrespective of demographic parameters or presence of bacterial vaginosis. By
combining cellular data with mixed-effect linear modeling, we uncovered differences in local T
cells, MHCII* antigen-presenting cells, and epithelial cells indicative of altered trafficking behavior,
increased immunosuppressive function, and decreased barrier integrity at sites of STI exposure
that correlate most strongly with LTVH score. These data evidence a biological link between a
history of violence victimization and risk of STl acquisition through immune dysregulation in the
female reproductive tract.

Introduction

Recent statistics estimate that cases of sexually transmitted infections (STIs) are at a record high in the
United States (1). STIs can lead to a range of health complications, including pelvic inflammatory dis-
ease, chronic pelvic pain, cervical cancer, and stillbirths. Identifying and understanding risk factors that
increase STT susceptibility, including HIV, are critical for preventing transmission events. A growing body
of literature indicates that women who have experienced events considered psychologically traumatic, such
as violence victimization, are more vulnerable to STIs (2). Though prior violence victimization has been
associated with sexual behaviors that may contribute to increased STI risk, the potential for traumatic
experiences to have a biological impact on STT risk through long-lasting immune alterations in the female
reproductive tract (FRT) has not been investigated to our knowledge.

Barrier tissue sites, including the FRT, provide the first line of defense against invading pathogens.
Such peripheral tissues are not directly accessible to the circulation and hence rely on local cellular
immune mediators, such as memory T cells, antigen-presenting cells (APCs), and epithelial cells, to
elicit protective responses (3—6). Barrier integrity is maintained by a fine balance between tolerance to
commensal organisms and the ability to mount a rapid and robust response to invading pathogens by
immune cells that surveil the tissue (3—5, 7-10). Maintenance of tissue-resident immune cells under
steady-state conditions is mediated in part by the expression of molecules associated with retention,
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Table 1. Demographic characteristics of the study cohort

Total cohort (1=41)  Low-scoring group (n=22) High-scoring group (n P value
=19)

Median number of LTVH events (range) 4 1(0-4) 9 (5-19)
Median age 32 31.5 33 0.319%
African American/mixed race (%) 75.6 72.7 78.9 0.922°8
High school education level or higher (%) 82.9 77.3 89.5 0.536°
Annual income less than $25,000 (%) 73.2 90.9 52.6 0.016°
Prevalence of bacterial vaginosis (%) 56.1 59.1 52.6 0.920°

High- (n =19) and low-scoring (n = 22) groups are based on the cohort median LTVH score (4). AStatistical analysis with Wilcoxon’s rank-sum test.

BStatistical analysis with Pearson’s

¥ test with Yate's correction for continuity.
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such as CD69 and CD103 on resident memory CD8* T cells and CD69 on resident memory CD4* T
cells, and the loss of molecules associated with egress, such as CCR7 (3-5, 10, 11). We examined key
cellular immune mediators and barrier integrity at the site of STI exposure (the lower apical lumen of
the FRT) to determine potential links to self-reported incidence of a lifetime trauma and victimization
history (LTVH) in women (12).

Results

Demographic characteristics of this cohort are shown in Table 1. A total of 41 HIV/STI-negative women
were recruited to participate in this study (For detailed eligibility criteria, see Methods). Women interested
in initiating a new contraceptive were recruited into the study through community referral or self-referral
and were screened for study eligibility, including medical eligibility to initiate hormonal contraception, reg-
ular menses, HIV-negative status, and no recent STIs. Then they consented for study participation and, if
enrolled, were scheduled for their first study visit (baseline) approximately 3 weeks after their last menstrual
period (LMP) or next menstrual period, corresponding with their luteal phase. Samples were obtained from
participants before starting hormonal contraception at the relative luteal (baseline) and follicular phase
(approximately 2 weeks after baseline visit and within 14 days after their LMP) of the menstrual cycle. The
median age of the cohort was 32, and 76% identified as a racial minority (African American/mixed race).
The majority, 81%, reported having at least a high school education, with 26% reporting incomes above the
poverty line of $25,000/yr. Bacterial vaginosis (BV) or prevalence of dysbiosis of vaginal flora was detect-
ed at 56% (in the US overall BV prevalence among women of reproductive age is 29%, while prevalence
among African American women in this group is 51%) (13).

Psychological traumas and stressors can influence the homeostasis of the circulating T cell pool (14). To
test immune fitness in the context of psychological trauma or stress from our cohort, we began by comparing
circulating CD4*/CD8"* T cell ratios to LTVH events (Supplemental Table 1; supplemental material avail-
able online with this article; https://doi.org/10.1172/jci.insight.126097DS1), amount of prolonged stress
(Chronic Stress Scale, CSS), or participant-appraised stress (Perceived Stress Scale, PSS) reported (Figure
1A). We detected a correlation solely between the LTVH score and T cell ratio, indicating that greater LTVH
events was associated with a higher CD4*/CD8" T cell ratio, similar to previous reports (14). To further
analyze this relationship, participants were categorized according to the median LTVH score, creating a
comparison of high- with low-scoring groups (Table 1, Figure 1B). Consistent with the correlation of LTVH
score and T cell ratio, we found that although the average ratio from the low-scoring group fell into standard
ranges (mean and SD: 2.27 * 1.06 for women) (14), the average ratio from the high-scoring group was above
the typical range (mean: 3.5) and significantly higher in comparison with the low-scoring group.

To evaluate whether LTVH events experienced in this cohort might also signify T cell irregularities at
sites of STI exposure in the periphery, we performed a broad characterization of immune cells localized
at the lumen of the FRT using an enhanced atraumatic cervical vaginal lavage technique (ref. 11 and Fig-
ure 2). Cell enrichment from lavages generated a consistent range of epithelial and leukocyte populations
(including APCs and T cells) among the high- and low-scoring groups (Figure 2A). Focusing on MHCII*
APC populations (Supplemental Figure 1), which regulate FRT T cell function (3), we measured CD103,
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Figure 1. The LTVH score is associated with T cell ratios in PBMC. (A) The CD4*/CD8* T cell ratio measured from PBMCs (n = 41) and correlated to
LTVH score, Chronic Stress Scale (CSS) score, or Perceived Stress Scale (PSS) score from participants. Significance calculated by Pearson’s correlation
(r=0.06, and P = 0.721). (B) Box-and-whisker plot of the CD4*/CD8* T cell ratio compared by participants grouped by either high or low LTVH events
reported. The high LTVH-scoring group exhibited a higher mean T cell ratio (*P = 0.046) compared with the low LTVH-scoring group. Significance
calculated by an unpaired, 2-tailed Student’s t test. Gray shading represents the reference range of PBMC T cell ratios for women. Box-and-whisker
plot depicts the interquartile range with median bar and with whiskers depicting minimum and maximum values.
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an integrin defining tolerogenic dendritic cells (DCs) that can induce immunosuppressive regulatory T cell
(Treg) differentiation (15-17); CCRS5, a chemokine receptor important for APCs’ peripheral recruitment
(18); and CCR?7, a chemokine receptor important for trafficking from peripheral tissues into afferent lym-
phatics (18). APC populations from the high-scoring group expressed increased CCR5 and CD103 frequen-
cy, while no difference was detected with CCR7 (Figure 2B).

To evaluate lower FRT epithelial cells, we performed quantitative reverse transcription PCR to mea-
sure gene transcripts of proteins involved in barrier integrity and inflammation (Figure 2C). Within the
high-scoring group, we found lower expression of genes that function in maintaining epithelial cell barrier
integrity: LCE3D, OCLN, and ALOX12. Regarding genes involved in epithelial cell-mediated immune pro-
tection, within the high-scoring group we found decreased transcript expression of TNFA.

To measure regional barrier properties of FRT T cell populations, CD4* and CD8* T cells (Figure 2D)
were characterized for expression of tissue residence or recirculation markers. Local retention (CD69 and
CD103) or egress (CCR7) presentation (3, 5) by T cells revealed substantial differences between groups
(Figure 2D). Although the majority of FRT T cells expressed CD69 and an increased frequency of CD103
(contrasting with matched circulating cells, Supplemental Figure 2), T cell populations from the high-scor-
ing group exhibited a decreased frequency of CD69 expression. This corresponded to increased CCR7
frequency among T cells from the high-scoring group, particularly within CD4* T cells. Coexpression anal-
ysis of CCR7, CD69, and CD103 showed that although T cells from the low-scoring group samples were
principally expressing tissue retention profiles, consistent with T cell properties at an immune-restricted
tissue site (19), CD4* T cells from the high-scoring group samples exhibited predominantly egress pro-
files (CCR7*CD69 CD103") (Figure 2D, pie charts). CD8" T cells from the high-scoring group did exhibit
increased egress properties; however, they were predominantly expressing greater retention characteristics,
similar to CD8* T cells from the low-scoring group samples.

Because BV or phase of the menstrual cycle can alter FRT immune cell populations, we asked whether
these factors might have influenced or accounted for the differences observed within the high-scoring group
(21, 22). To address these questions, we reanalyzed immune measures using only BV-negative samples (Sup-
plemental Figure 3) or stratified our analysis based on relative phase of the menstrual cycle when samples
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Figure 2. Prior trauma and victimization experiences reported are associated with phenotypic deviations of critical cellular immune mediators at the
FRT barrier. (A) Cell numbers from participant samples (n = 66) with low (gray box and whiskers) compared with high LTVH event scores (white box and
whiskers) (box depicting the interquartile range with median bar and whiskers depicting minimum and maximum values). (B) Representative flow plots
(left) depicting APC gating from viable leukocytes from FRT (top) and matched PBMCs (bottom). Histograms illustrating CD103, CCR5, and CCR7 expres-
sion measurement from APCs (labeled center); FRT samples (red overlay) are compared with matched PBMCs (gray overlay). Frequency of chemokine
receptor or integrin APC expression (n = 55) from high- (white box and whiskers) and low-scoring (gray box and whiskers) participant samples (right) (box
depicting the interquartile range with median bar and whiskers depicting minimum and maximum values). (C) Quantitative reverse transcription PCR
heatmap depicting fold change in epithelial gene transcript measurement from high- compared with low-scoring participant samples. (D) Representative
gating strategy for T cell characterization (top). Viable T cells (n = 54) are distinguished for CD4 and CD8 expression. CCR7, CD69, and CD103 expression
frequency of CD4* and CD8* T cells from high-scoring (white-circle background box and whiskers) and low-scoring (black-circle background gray box and
whiskers) samples (box depicting the interquartile range with median bar and whiskers depicting minimum and maximum values) (bottom left). Boolean
analysis of CCR7, CD69, and CD103 coexpression frequency from CD4* and CD8* T cells (bottom right). Significance calculated by an unpaired, 2-tailed
Student’s t test. **P < 0.01; ***P < 0.001; ****P < 0.0001.

were collected (Figures 3 and 4). Using samples that were determined to be BV negative (samples scored as
intermediate were also excluded), we found the same immune patterns when comparing high- and low-scoring
LTVH groups (Supplemental Figure 3). To determine potential impacts of the menstrual cycle, we analyzed
longitudinal cellular barrier measurements from samples collected at the luteal or follicular phase. Similar to
the combined data, we observed no significant changes in the number of immune cells (Figure 3) between
high- and low-scoring LTVH groups at either the follicular or luteal phases of the menstrual cycle. In addition,
the significant alterations in APC subsets (Figure 3) and CD4" and CD8" T cell subsets (Figure 4) observed
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Figure 3. Stage of the menstrual cycle does not alter the impact of LTVH score on FRT immune cell numbers or the distribution of APC subsets.
(A) Cell abundance of epithelial cells, leukocytes, APCs, and T cells detected from vaginal lavage collections taken at the relative luteal or follicular
phase of the menstrual cycle and compared with low or high LTVH scores (n = 69). Longitudinal comparisons at the follicular or luteal phase of the
menstrual cycle among either low-scoring (black box and whiskers) or high-scoring groups (gray box and whiskers) were analyzed using a paired
Student’s t test. Comparisons between low-scoring and high-scoring measures at either the follicular or luteal phase of the menstrual cycle were
analyzed using an unpaired, 2-tailed Student’s t test. (B) Extracellular expression frequency of CCR5, CD103, and CCR7 from CD11c*HLA-DR* APC
populations (n = 64) analyzed both longitudinally across the course of 1 menstrual cycle or by comparing group scores at either the follicular or lute-
al phase. Statistics calculated similarly to A (box depicting the interquartile range with median bar and whiskers depicting minimum and maximum
values). *P < 0.05; ***P < 0.001.
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in the high-scoring LTVH group were present at both the follicular and luteal phases. We also performed a
combined analysis of LTVH score and phase of the menstrual cycle to investigate the contribution of these
parameters to the measured immune parameters (Table 2). The differences in APC, CD4* T cell, and CD8*
T cell subsets observed were most strongly associated with LTVH score but not phase of the menstrual cycle.
Together, these data indicate that the altered immune barrier properties detected in the high-scoring LTVH
group were not associated with or modulated by the menstrual cycle.

Comparisons in the context of the menstrual cycle or BV status showed consistent immune dysregula-
tion among high LTVH- compared with low LTVH-scoring samples and indicated that neither presence
of BV nor phase of the menstrual cycle accounted for differences among these groups. To further validate
whether the cellular FRT immune barrier differences observed were attributable primarily to overall LTVH
score, we performed mixed-effect linear regression modeling (Table 3) focusing on FRT immune measures
with the presence of BV or phase of the menstrual cycle as potential confounders. In agreement with our
experimental data, these results showed that the FRT immune barrier variations detected from high-scoring
samples were not dependent on the presence of BV or influenced by the menstrual cycle but instead were
most strongly associated with LTVH score.

Early-life adversity is linked to a higher risk of developing immune-based diseases and chronic
inflammation (22). To evaluate the age of onset and LTVH event scores within participants, we first
examined the low- and high-scoring LTVH groups according to reported age of the first LTVH event.
We found that the high-scoring LTVH group participants were more likely to experience their first
LTVH event significantly earlier in life than participants in the low-scoring LTVH group who had
reported at least 1 LTVH event (P < 0.0001) (Supplemental Table 2 and Supplemental Figure 4). To
analyze the immune impact of LTVH onset occurring in childhood, we stratified the demographic
parameters and immune data by participants reporting LTVH events occurring at or before 12 years
of age (early onset) and compared them with participants reporting LTVH events occurring only after
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2-tailed Student’s t test, while samples compared based on high- or low-scoring LTVH were analyzed using an unpaired, 2-tailed Student’s t test. (B)
Boolean analysis of CCR7, CD69, and CD103 coexpression frequency from CD4* and CD8* T cells measured from vaginal lavage collections taken at the
relative luteal or follicular phase of the menstrual cycle and compared by low or high LTVH scores. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.
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12 years of age (Supplemental Tables 3 and 4). As shown (Supplemental Table 3), demographics and
prevalence of BV were not significantly different among early- and late-onset LTVH groups. Hence,
after controlling for the BV score and phase of menstrual cycle in the mixed-effect linear model (Sup-
plemental Table 4), the incorporation of the LTVH onset indicator improved model fitting only for the
CD69*CD4* T cell and CD69*CD8* T cell immune profiles; however, the effect was not significant
(P = 0.24 and P = 0.38, respectively). The negative impact of LTVH score on CD69*CD4* T cells
remained significant when LTVH onset is taken into account (P = 0.0006 vs. P = 0.0048), while the
impact on CD69*CD8" T cells was no longer significant (P = 0.017 vs. P = 0.11). Therefore, although
age of onset and overall LTVH score were closely linked, the modeling data support our overall con-
clusion that total LTVH score, but not age of initial LTVH onset, is the primary factor associated with
immune dysregulation in the FRT.

https://doi.org/10.1172/jci.insight.126097 6
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Table 2. Two-way ANOVA for repeated measures assessing the significance of main effects of LTVH

score and phase of the menstrual cycle on altered immune barrier properties

Immune parameter
APC number
CCR5* APCs
CD103* APCs
CCR7+CD4* T cells
CD69*CD4* T cells
CD103*CD4* T cells
CCR7+CD8* T cells
CD69*CD8* T cells
CD103*CD8* T cells
Epithelial cell numbers

LTVH score P values®
0.180
<0.0001
0.0009
0.0023
<0.0001
0.073
0143
0.0029
0.264
0.303

MC phase P values
0.681
0.686
0.636
0.715
0.058
0.273
0.463
0.479
0.161
0.289

Combined analysis of LTVH scoring (high or low), phases of menstrual cycle (MC) (luteal or follicular), and their

statistical interaction. AP values from 2-way ANOVA, bold text indicates significance.

Discussion

Though the relationship between the central nervous system and the immune system is not yet fully

explored, prior studies show that psychological stressors and traumas can affect immune responses and
lead to increased susceptibility to various infections (14, 23-25). Violence victimization has been linked to
an increased risk of STI acquisition (2), but long-term biological effects that may influence this increased
risk have thus far not been extensively investigated. To our knowledge, this study is the first to characterize

immune barrier properties in relation to past experiences of trauma and violence victimization. These data

suggest that women who have endured greater violence victimization and psychologically traumatic events

are more likely to experience alterations in immune barrier composition in the FRT.

Table 3. Mixed-effect linear regression modeling of parameters influencing immune cell composition

in the FRT

Variables

CCR5* APCs (n = 42)
LTVH (high scoring)
BV (positive)
MC phase (luteal)

CD103* APCs (n = 42)
LTVH (high scoring)
BV (positive)

MC phase (luteal)
CCR7*CD4* T cells (n = 43)
LTVH (high scoring)

BV (positive)

MC phase (luteal)
CD69'CD4* T cells (n = 30)
LTVH (high scoring)

BV (positive)

MC phase (luteal)
CD69*CD8* T cells (n = 30)
LTVH (high scoring)

BV (positive)
MC phase (luteal)

Estimate of regression coefficient (SEM)

25.5(5.3)
-5.9(5.2)
-6.1(4.)

30.0(7.9)
0.3(7.9)
5.0 (4.4)

16.8 (4.9)
9.7 (4.9)
-1.8 (4.7)

-38.2(5.3)
-21.8 (5.2)
10.7 (5.0)

-22.0 (5.8)
-16.1(5.8)
6.4 (5.5)

Pvalue

0.0003
0.2822
0.1540

0.0020
0.9683
0.2701

0.0042
0.0660
0.7126

<0.0001
0.0024
0.0595

0.0044
0.0212
0.2727

LTVH (high or low scoring), presence of BV (positive or negative), and menstrual phases (luteal or follicular) were analyzed as
fixed effects. For each group, n values are indicated. Bold text indicates statistical significance.
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Cellular characterization at the FRT lumen in the context of reported LTVH displayed patterns indica-
tive of local immune suppression, increased T cell trafficking from the circulation, and decreased epithelial
barrier integrity. MHCII* APC populations expressed properties associated with increased peripheral tissue
trafficking and increased tolerogenic DC subsets, which can promote T cell-mediated immune suppression
through directing Treg versus effector T cell differentiation (15-17). Corresponding to this observation,
CD4" T cells exhibited greater CCR7 expression, which identifies T cells in the skin and HIV target cells in
the lower FRT (migratory or recirculating memory T cells) that can reenter afferent lymphatic circulation
(11, 26). A marked decrease of CD4* and CD8" T cell populations expressing tissue retention characteris-
tics was observed, consistent with recent immigration of T cells from the circulation that are not special-
ized to function in tissue immune surveillance (10, 27). Gene expression measurement in epithelial cells
indicates reduced barrier integrity in the high-scoring group because of decreased expression of genes such
as OCLN and LCE3D. Although LCE3D downregulation has been associated with vaginal barrier disrup-
tion (28), OCLN downregulation has been previously observed in response to psychological stress (29). In
addition to reduced barrier integrity, lower TNFA expression was detected, indicating a reduced presence of
local proinflammatory cytokines involved in epithelial cell-mediated protection from STIs (30).

Together, these findings describe a local environment at the FRT interface more permissive to infec-
tion via increased opportunities for pathogens to traverse the epithelia, less robust local immune surveil-
lance, and attenuated early immune responses. Though BV, stage of the menstrual cycle, and chronic stress
have all been shown to influence immune responses (21-23), we did not find confounding interactions
with LTVH score and cellular barrier measurements. Because BV likely promotes a local proinflammatory
immune environment (31) and LTVH-related immune differences were consistent at either the luteal or
follicular phase of the menstrual cycle, this raises the possibility of unique mechanisms of immune-medi-
ated STI susceptibility contributed by an LTVH. It is interesting to note that the high-scoring LTVH group
participants were also more likely to experience their first LTVH events in childhood (<12 years of age).
Although age of onset did not confound immune barrier dysregulation detected with the LTVH score, our
findings evidence a link between early-life trauma and likelihood of repeated LTVH events in the context
of detected immune alterations. Though additional key demographics obtained in this focused cohort did
not influence our findings, noninclusion of a broader range of potential confounders may have augmented
the associations observed. Thus, future studies involving broader participant groups, greater longitudinal
sampling, and additional sociobehavioral characteristics, and further discerning the nature of psychological
traumas experienced, with immune-based measures are critical to better understanding the immunologic
link between psychological traumas and STTI risk.

As demonstrated by the results of this study, physician inquiries into lifetime violence and trauma as
part of a comprehensive history can assist health care providers in interpreting health complications and
modifying the individual’s risk of STTs, including HIV. These findings support current Centers for Disease
Control and Prevention (CDC) guidance to gather comprehensive sexual histories, with the addition of a
LTVH score, to better assist populations vulnerable to STI acquisition (1).

Methods

Study participants. This evaluation included 41 women participating in a longitudinal study assessing the
effects of hormonal contraception on HIV biomarkers in Atlanta, Georgia (2015-2017). Women interested
in initiating a new contraceptive were recruited into the study through community referral or self-referral
and were screened for study eligibility, including HIV-negative status (OraQuick swab) and no recent STIs
(self-report and later tested by reverse transcription PCR described below). Then they consented for study
participation and, if enrolled, were scheduled for their first study visit (baseline) approximately 3 weeks after
their LMP next menstrual period, corresponding with their luteal phase. Eligibility for participation required
that women were aged 18—45 years, exhibiting normal menses (22- to 35-day cycles for at least 3 cycles), not
using any hormonal contraception method or intrauterine device for at least 6 months prior, not pregnant for
at least 3 months prior, not breastfeeding, and not experiencing symptomatic vaginal infection or genital ulcer
disease at screening. Participants did not have a history of loop electrosurgical excision procedure, conization,
or cryosurgery in the previous year. Participants were further screened for medical eligibility based on CDC
medical eligibility criteria for contraceptive use and clinical judgment (32). A questionnaire including socio-
demographic and behavioral characteristics was completed along with a cervicovaginal swab followed by a
cervicovaginal lavage (CVL) (11) and blood specimen collected from women at each visit.
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LTVH cohort description. Among all participants the median LTVH score was 4. Based upon the cohort
median LTVH score, we stratified data into low-scoring (LTVH events less than or equal to 4, n = 22) or
high-scoring (LTVH events more than 4, n = 19) groups (Table 1). Among the high-scoring group, the median
LTVH number was 9 (IQR: 5-19) whereas for the low-scoring group, the median LTVH score was 1 (IQR:
0-4). The medians of age, composition of races, and education levels were not significantly different between
the 2 groups. However 91% of low-scoring participants reported living below the poverty line (annual income
< $25,000), significantly higher than that of high-scoring participants (P = 0.016). Lower income was not
associated with immune dysregulation properties; thus, we did not control for covariates in further analysis.
Total BV prevalence was 56%, with 53% in the high-scoring group and 59% in the low-scoring group.

Psychological stress or trauma scoring. The validated LTVH instrument was used to assess lifetime trauma
and violence victimization history as previously described (12) along with the CSS and the PSS. The LTVH,
CSS, and PSS were administered as part of a questionnaire at the initial study visit. Participants were asked a
series of questions concerning their exposure to 30 traumas and violence victimization experiences (including
general traumas, physical assault/abuse, sexual assault/abuse, kidnapping/stalking, family/friend murdered
or committed suicide, witnessed trauma to someone else, and crime victimizations), age at the time of onset
of the experience, degree of danger and fear experienced, and frequency of each experience (Supplemental
Table 1). Participant answers were compiled and scored as number of LTVH events. Reported trauma and
victimization histories were compared using the median score of all participants, with individuals categorized
as low LTVH for those at or below the median and high LTVH for those above median score. The CSS ques-
tionnaire was administered to assess prolonged emotional pressure from a list of 51 items about common
life conditions and situations (e.g., financial issues, work, love and marriage, family and children, social life).
Answers were compiled from participant responses of not true (score 0), somewhat true (score 1), or very true
(score 2). The PSS questionnaire was administered to measure the degree participants appraised a situation
as stressful and included 10 questions about the participant’s feelings and thoughts during the past month
(33). Answers were compiled from response options for each feeling or thought by frequency with which it
occurred: 0 = never; 1 = almost never; 2 = sometimes; 3 = fairly often; 4 = very often.

STI and BYV testing. Cervicovaginal swabs were collected by a trained provider and tested for STIs;
DNA was extracted using DrySwab (Lakewood Biochemical Company) using the Qiagen DNA Mini kit
and used to amplify targets from Neisseria gonorrhoeae, Chlamydia trachomatis, Mycoplasma genitalium, Tricho-
moniasis vaginalis (34), and herpes simplex virus types 1 and 2 (35), using 2 real-time duplex PCR assays
and Qiagen Rotor-Gene Q real-time PCR instrument. Qiagen Rotor-Gene Q series software was used to
analyze data. Cell smears from CVL were used for Gram stains and assigned Nugent scores. The number
of Lactobacillus, Gardnerella, Bacteroides, or curved gram-indeterminate rods were used to calculate Nugent
scores from CVL cell smears. Total scores above 6 were consistent with BV, and scores below 4 were con-
sidered BV negative. Intermediate scores of 4 to 6 were considered indeterminate.

Cell isolation and characterization. Blood was collected in 8-ml, sodium citrate—containing CPT tubes (BD
Biosciences) and separated into plasma and PBMCs by centrifugation. Lavage specimens were enriched
for leukocytes by density centrifugation as previously described (11); epithelial cells were collected at the
relative luteal phase from the top fraction of the density gradient. Lavage samples with visible blood or
detectable naive T cell populations (CCR7"CD45RA") were considered contaminated with cells from cir-
culation and excluded from characterization. Leukocytes were stained for viability using Zombie Yellow
Fixable Viability Kit (BioLegend), then incubated with anti-CD16/32 Fc block (BioXCell). Cells were
stained with the following fluorochrome-conjugated antibodies: CD3 (V450, UCHT1), CD4 (Alexa Fluor
700, RPA-T4), CD8 (BV510, RPA-T8), CCR7 (PE-CF594, 150503), CCRS5 (PE, 3A9), and CD103 (FITC,
Ber-ACT8) from BD Biosciences and CD11c (BV711, 3.9), CD45 (BV650, H130), CD45RA (BV605,
HI100), CD66b (Alexa Fluor 647, G10F5), CD69 (APC/Fire 750, FN50), and HLA-DR (BV785, 1.243)
from BioLegend. Samples were run on a BD Biosciences LSRII flow cytometer. Data were acquired using
FACSDIVA software (BD Biosciences) and analyzed using FlowJo software (Tree Star, Inc.).

Reverse transcription PCR. Epithelial cell pellets from BV-negative samples were transported in RNAlater
(Thermo Fisher Scientific) and stored at —80°C. RNA was extracted using the Zymo Mini RNA (Plus) iso-
lation kit (Zymo Research) with proteinase K treatment. We used 160 ng of RNA for cDNA synthesis using
the iScript cDNA synthesis kit (Bio-Rad). Quantitative PCR was completed for the following genes: occlu-
din, desmocollin-1, serine peptidase inhibitor kasal type 7, late cornified envelope 3D, TNF-a, and arachi-
donate 12-lipoxygenase. Values were normalized to the housekeeping gene GAPDH. We calculated AACT
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fold change using the averages of the control group compared with the LTVH group. The following primers
were used: GAPDH (forward primer) TCATGACCACAGTCCATGCCA, (reverse primer) CCCTGTTGCT-
GTAGCCAAATT;, DSCI (forward primer) TGCCAAACACTCCTCACTCAAA, (reverse primer) TTCAAT-
GGCTTGACAACACACA; ALOXI12 (forward primer) TATCTTGAATTTCATGCTTTCCTAAAGTC,
(reverse primer) GCGGTCTGCAAAGCGTAAAA; LCE3D (forward primer) CTCTGCACCTGGA-
CAACTCA, (reverse primer) CACTTGGGTGAGGGACACTT; SPINK7 (forward primer) ATGAAGAT-
CACTGGGGGTCTCCT, (reverse primer) TTAGCAACTTCCATCGTGAAGA; TNFA (forward primer)
CTCAACCTCTTCTGGCTCAAA, (reverse primer) GTCAGGGATCAAAGCTGTAGG; OCLN (forward
primer) CCCCATCTGACTATGTGGAA, (reverse primer) CCGCTTGTCATTCACTTTGCC.

Statistics. Statistical analyses were performed in Prism 5 software (GraphPad) and SAS 9.4. Unless
otherwise noted, 2-tailed Student’s ¢ test for independent samples was used to determine significance (*P
< 0.05; **P < 0.01; ***P < 0.001; ****P < (0.0001). Statistical tests for demographics and immune mea-
sures are noted in the table and figure legends. Two-way ANOVA for repeated measures was conducted
to compare the main effects of LTVH scoring (high or low), phases of menstrual cycle (luteal or follicu-
lar), and their statistical interaction. To control for potential confounding parameters and account for the
between-subject variation, we performed mixed-effect linear regression with LTVH scoring (high or low),
BV (positive or negative), and phases of menstrual cycle (luteal or follicular) as fixed effects and subjects as
random effect. Subjects with only 1 visit or changed BV status were excluded from the model fitting.

Study approval. Protocols were approved by the Emory University Institutional Review Board and the
Grady Research Oversight Committee. All participants were given and signed an informed consent document.
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