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Lifetime sexual violence exposure in 
women compromises systemic innate 
immune mediators associated with HIV 
pathogenesis: A cross-sectional analysis
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Abstract
Objectives: Violence and HIV/AIDS syndemic highly prevalent among women impairs HIV prevention efforts. Prolonged 
exposure to violence results in physical trauma and psychological distress. Building on previous findings regarding genital 
immune dysregulation following sexual abuse exposure, we investigate here whether systemic changes occur as well.
Methods: Using the Women’s Interagency HIV Study repository, 77 women were stratified by HIV serostatus and 
categorized into four subgroups: (1) no sexual abuse history and lower depression score (Control); (2) no sexual abuse 
history but higher depression score (Depression); (3) high sexual abuse exposure and lower depression score (Abuse); 
(4) high sexual abuse exposure and higher depression score (Abuse + Depression). Inflammation-associated immune 
biomarkers (TNF-α, IL-6, IL-1α, IL-1β, TGF-β, MIP-3α, IP-10, MCP-1, and Cathepsin-B) and anti-inflammatory/anti-
HIV biomarkers (Secretory leukocyte protease inhibitor, Elafin, human beta-defensin-2 (HBD-2), alpha-defensins 1-3, 
Thrombospondin, Serpin-A1, and Cystatin-C) were measured in plasma using enzyme-linked immunosorbent assay. 
Within each HIV serostatus, differences in biomarker levels between subgroups were evaluated with Kruskal–Wallis and 
Dunn’s test with Bonferroni correction. Spearman correlations between biomarkers were assessed for each subgroup.
Results: Compared to the Control and Depression groups, Abuse + Depression was associated with significantly higher 
levels of chemokines MIP-3α and IP-10 (p < 0.01) and lower levels of inflammatory cytokine IL-1β (p < 0.01) in the HIV-
uninfected population. Human beta-defensin-2 was lowest in the Abuse + Depression group (p < 0.05 versus Depression). 
By contrast, among HIV-infected, Abuse and Abuse + Depression were associated with lower levels of MIP-3α (p < 0.05 
versus Control) and IP-10 (p < 0.05, Abuse versus Control). Inflammatory cytokine IL-6 was higher in both Abuse groups 
(p < 0.05 versus Control), while Elafin was lowest in the Abuse + Depression group (p < 0.01 versus Depression).
Conclusion: We report compromised plasma immune responses that parallel previous findings in the genital mucosa, 
based on sexual abuse and HIV status. Systemic biomarkers may indicate trauma exposure and impact risk of HIV 
acquisition/transmission.

1 Department of Epidemiology, Milken Institute School of Public Health, 
The George Washington University, Washington, DC, USA

2 Department of Biostatistics and Bioinformatics, Milken Institute 
School of Public Health, The George Washington University, 
Washington, DC, USA

3 The Chicago Center for HIV Elimination, The University of Chicago, 
Chicago, IL, USA

4 Albert Einstein College of Medicine—Montefiore Medical Center, 
Bronx, NY, USA

5 SUNY Downstate Medical Center, The State University of New York, 
Brooklyn, NY, USA

6 Georgetown University Medical Center, Washington, DC, USA
7 Department of Epidemiology, Johns Hopkins Bloomberg School of 
Public Health, Baltimore, MD, USA

8 Cook County Health and Hospitals System, Hektoen Institute of 
Medicine, Chicago, IL, USA

Corresponding author:
Mimi Ghosh, Department of Epidemiology, Milken Institute School 
of Public Health, The George Washington University, Washington, 
DC 20052, USA. 
Email: mghosh@gwu.edu

1099486WHE0010.1177/17455057221099486Women’s HealthDaniels et al.
research-article2022

Original Research Article

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/whe
mailto:mghosh@gwu.edu


2 Women’s Health  

Introduction

The epidemics of violence against women (VAW) and 
HIV/AIDS act synergistically to adversely impact wom-
en’s health (reviewed).1–3 Globally, lifetime prevalence of 
violence in women ranges from 6% to 59% with higher 
percentages in areas of the world where women are dispro-
portionately affected by HIV/AIDS.4 Studies in US women 
as part of the Women’s interagency HIV Study (WIHS) 
cohort report high percentage of abuse experience associ-
ated with increased risk of acquisition of sexually trans-
mitted infections (STI).5,6 Recognizing that unhealthy 
social conditions  impart stress on vulnerable populations 
and expose them to disease clusters, syndemic theory 
examines the spread of disease in the context of interre-
lated biological, psychological, social, and political fac-
tors.7 Exposure to violence can significantly increase the 
risk of HIV acquisition/transmission in women due to 
inability to negotiate safe sex, refuse unwanted sex, fear of 
disclosure of their status, and access to antiretroviral 
drugs.8–14 Whereas it is established that violence exposure 
can lead to severe psychological stress and depression, 
there exists a paucity of information regarding systemic 
immunological dysregulation in women exposed to vio-
lence that may increase their risk of acquiring or transmit-
ting HIV.

VAW includes physical, emotional, and sexual violence 
and can be committed by partners (intimate partner vio-
lence, IPV) or non-partners (domestic violence). All forms 
are associated with negative impact on health and well-
being, individually and in combination.15 Whereas experi-
encing violence can be an isolated event, long-term 
exposure to any type of violence is defined as abuse, with 
cumulative (or chronic) lifetime exposure being highly 
predictive of worse health outcomes beyond that accounted 
for by a single type of event.15,16 Exposure to abuse-associ-
ated stressors early in life has been associated with the 
development of cardiovascular complications and high 
morbidity in women later in their lives.17–20 In addition, 
co-occurrence of childhood sexual abuse, adult sexual 
abuse, IPV, and sexual harassment has been shown to be 
predictive of post-traumatic stress disorder (PTSD).16 In 
HIV-infected women, exposure to violence has been asso-
ciated with faster rates of disease progression.8

Psychological stress or perception of stress associated 
with violence/abuse can impact the immune system in a 
complex manner.21,22 Studies have reported higher ratios 
and greater activation of CD4+ and CD8+ T cells, lower 
activity of natural killer (NK) cells, compromised immune 

responses to viral infections, vaccines, and delayed wound-
healing in women exposed to abuse.21,23–29 In a healthy 
functioning immune system, acute short-term stress (for 
example, from wound or infection), typically results in a 
protective immune response. This is characterized by a 
tightly regulated inflammatory response followed by the 
activation of the hypothalamic–pituitary–adrenal (HPA) 
axis and release of cortisol, the primary glucocorticoid in 
humans, which then downregulates the inflammation and 
returns the immune response to baseline.30 However, pro-
longed stress, (as in the case for concurrent or cumulative 
exposure to multiple types of abuse), can result either in a 
chronic inflammatory phenotype or a chronic immunosup-
pressive phenotype, both of which are detrimental to the 
health of the individual.31–33 A study by Dhabar and 
McEwen reported enhanced immune response in a rat 
model when acute stress was administered prior to anti-
genic challenge.34 However, the same study also reported, 
when subjected to chronic stress, the immune response was 
significantly dampened and was correlated with attenuated 
glucocorticoid response.34

Co-occurrence of elevated levels of psychological 
stress and depressive symptoms associated with violence/
abuse is known to dysregulate the immune system.35 
Depression is a disorder of both immune activation and 
immune suppression.36 Depressive symptoms have not 
only been associated with higher levels of inflammatory 
cytokines37–39 but also decreased functionality of T cells 
and NK cells.36 Furthermore, chronic stress and inflamma-
tion have been associated with depression and linked to 
dysregulation of the HPA axis and resistance to cortisol.36 
Although causal links between depression and immunity 
are still unclear, the relationship is clinically relevant. A 
recent systemic review by Kappelmann et al.40 indicates 
that treatment to suppress inflammatory cytokines can 
reduce depressive symptoms. In HIV-infected women 
where exposure to violence/abuse is high,12,41 depression 
is highly prevalent and associated with increased sub-
stance abuse, decreased adherence to antiretroviral ther-
apy, chronic inflammation/immune activation, faster 
disease progression, and increased mortality.42–48

We have previously reported lifelong sexual abuse 
exposure to be associated with increased inflammation-
associated cytokine/chemokine expression and impaired 
wound-healing pathways in genital tract samples selected 
from the WIHS repository.49 Building on those findings 
and understanding that sexual abuse markedly affects sev-
eral psychological factors, we ask here whether systemic 
changes occur that parallel genital tract responses to 
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violence. Our working hypothesis is that women with a 
history of chronic depression and repeated sexual violence 
exposure, compared to women with no sexual violence 
exposure and no depression, will have alterations in their 
systemic and genital immune environment that predispose 
them to an increased risk of acquiring/transmitting HIV. 
These studies are essential to determine if blood contains 
surrogate markers for chronic genital trauma and whether 
HIV-associated immune mediators are impacted in this 
population.

Methods

Ethical statement

The WIHS protocol and this study were conducted accord-
ing to the principles expressed in the Declaration of 
Helsinki. All sites with direct participant contact received 
approval by the respective participating institution’s 
review board. Study staff at each site obtained written 
informed consent for the collection and use of data and 
specimens from each research participant including con-
sent to the future use of their data and their specimens in 
the repository. The IRB approval number for the 
Washington DC WIHS site is 1993-007. The George 
Washington University (GWU) site only received existing, 
fully de-identified, data and samples with no access to 
code link. Therefore, it was determined to not meet the 
definition of human subjects’ research by The GWU IRB.

Study participants and demographics

WIHS is an ongoing prospective observational cohort 
study of HIV-infected and socio-demographically matched 
uninfected women in the United States. Study methods, 
baseline cohort characteristics, and long-term retention 
have been previously described.50–52

For this cross-sectional study, we included participants 
who enrolled in the WIHS during either 1994–1995 or 
2001–2002 and had complete baseline and longitudinal 
childhood and adult abuse data.53 Participants were strati-
fied by HIV serostatus and categorized based on their self-
reported sexual abuse histories. Lifetime chronic sexual 
abuse group was defined by those with the highest level of 
sexual abuse exposure, past and current (childhood and 
adult sexual abuse including any reported transactional 
sex). The comparison control group was selected from 
those who reported no sexual abuse. As depression can be 
comorbid and a potential confounder in this population, 
we further stratified based on the level of self-reported 
depressive symptoms at the time of visit (CES-D 
scale,).54,55 Using the clinically significant cut-off of 16, 
scores were categorized as indicating low (<16) or high 
(>16) depression.

A total of 77 women were selected to form four HIV-
infected and four HIV-uninfected groups (n = 8–11 per 

group) in the following categories: (1) no sexual abuse 
history and lower depressive symptom score (Control); 
(2) no sexual abuse history but higher depression score 
(Depression); (3) chronic sexual abuse exposure and 
lower depression score (Abuse); and (4) chronic sexual 
abuse exposure and higher depression score 
(Abuse + Depression). Plasma viral load and CD4 counts 
in HIV-infected women were obtained from WIHS data-
base. All HIV-infected women were on highly active 
antiretroviral therapy (HAART) at the sampling visit. 
Data on genital immune biomarkers have been previously 
published.49 In this sub-study, we analyzed plasma immune 
biomarkers from the same cohort.

Measurement of cytokines, chemokines, and 
anti-HIV mediators in plasma

Immune mediators that have been defined to play a role in 
HIV infection and pathogenesis were selected based on pub-
lished literature. Plasma samples from visits that matched 
our inclusion/exclusion criteria 49 were selected from the 
WIHS repository and stored at −80°C until assayed. We per-
formed enzyme-linked immunosorbent assay (ELISA) for 
cytokines: TNF-α, IL-6, IL-1α, IL-1β, TGF-β; chemokines: 
MIP-3α, IL-8, MCP-1, IP-10; anti-inflammatory/antipro-
teases with HIV inhibitory activity: secretory leukocyte pro-
tease inhibitor (SLPI), Elafin, human beta-defensin 2 
(HBD-2), human alpha-defensins 1-3 (HNP 1-3), 
Thrombospondin (TSP-1), Serpin A1, and Cystatin-C; 
endogenous protease, Cathepsin-B. All except HBD-2 were 
purchased from R&D Systems (Minneapolis, MN), and 
assays were performed according to the manufacturer’s pro-
tocols. HBD-2 was assayed using an ELISA test kit from 
PeproTech (Rocky Hill, NJ). All immune mediators were 
quantified based on standard curves obtained using a 
Microplate Reader (Biotek, Winooski, VT). All biomarkers 
were analyzed in triplicate. Biomarker concentrations below 
the lower limit of detection were reported as the mid-point 
between the lowest concentration measured and zero,56 after 
which concentrations were log10 transformed.

Power analysis

An a priori power analysis was conducted for detecting 
mean differences between each pair of groups using two-
sample t tests with alpha = 0.20 (two-sided), unadjusted for 
multiple comparisons. This yielded n = 10 per group to 
detect a standardized effect size of 1.0 with 80% power. 
The high alpha of 0.20 was chosen to err on the side of 
avoiding Type II errors (false negative results) for this pre-
liminary investigation. At the analysis stage, because of 
the large number of parameters being tested, it was decided 
that it would be more prudent to reduce the Type 1 error 
rate modestly using alpha = 0.05 and the screening proce-
dure described below.
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Statistical analysis

Within each HIV serostatus stratum, biomarker concentra-
tions were compared across the four exposure groups. 
When performing significance tests for a large number of 
biomarkers, especially with a modest sample size, it is pos-
sible that some results will not be reproducible. To reduce 
this likelihood, we used a two-step approach. First, we 
compared biomarker concentrations across all four expo-
sure groups using the Kruskal–Wallis test. Only if this 
result was statistically significant (alpha < 0.05), we fol-
lowed with pairwise Dunn’s tests, Bonferroni-corrected 
for six comparisons per biomarker.

In addition, we measured Spearman correlations 
between each pair of biomarkers, stratified by analysis 
group. All analyses were conducted in R version 4.0.3.

Results

Differences in systemic immune mediators by 
abuse or depression status in HIV-uninfected 
women

A total of 77 samples were analyzed (n = 8–11 per group). 
Baseline cohort characteristics and long-term retention 
have been previously described.50–52

Median log levels of two chemokines known to attract 
HIV target cells, MIP-3α and IP-10, were highest in the 
Abuse + Depression group (p < 0.01 versus Control, 
Depression) and mostly undetectable in Control and 
Depression groups, with intermediate concentrations in the 
Abuse-only group (Table 1, Figures 1(a) and (b)). In contrast, 
the pro-inflammatory cytokine IL-1β was mostly undetecta-
ble in the Abuse + Depression group (p < 0.01 versus 
Control, Depression) with higher levels in all other groups 
(Table 1, Figure 1(c)). Among the anti-inflammatory/anti-
HIV mediators, HBD-2 levels were mostly undetectable in 
Abuse + Depression group and higher in other groups, but 
the only statistically significant pairwise difference was 
between Depression and Abuse + Depression (p < 0.05) 
(Table 1, Figure 1(d)). Pro-inflammatory cytokine IL-1α 
was undetectable in all samples, and TNF-α and IL-6 were 
detectable only in 8% and 13% of samples, respectively.

Differences in systemic immune mediators 
by abuse or depression status in HIV-infected 
women

In HIV-infected women, the relative concentrations of bio-
markers followed a different pattern. MIP-3α was lower in 
the Abuse (p < 0.05 versus Control, Depression) and 
Abuse + Depression (p < 0.05 versus Control) groups 

Table 1. Levels of soluble immune biomarkers in plasma comparing HIV-uninfected women with history of abuse, depression, or 
both to controls.

HIV-uninfected

Variable  
(Log10 pg/mL)

Percent 
detectable

Control  
median (IQR)

Depression  
median (IQR)

Abuse  
median (IQR)

Abuse + depression median 
(IQR)

N 10 11 10 8
TNF-α 7.7 −1.60 (−1.60, −1.60) −1.60 (−1.60, −1.60) −1.60 (−1.60, −1.60) −1.60 (−1.60, −1.60)
IL-6 12.8 −1.01 (−1.01, −1.01) −1.01 (−1.01, −1.01) −1.01 (−1.01, −0.79) −1.01 (−1.01, −1.01)
IL-1α 0.0 0.42 (0.42, 0.42) 0.42 (0.42, 0.42) 0.42 (0.42, 0.42) 0.42 (0.42, 0.42)
IL-1β 74.4 0.85 (0.80, 0.87) 0.83 (0.78, 0.87) 0.75 (−0.18, 0.78) −0.48 (−0.48, −0.48)***††
TGF-β 35.9 −0.48 (−0.48, −0.48) −0.48 (−0.48, 1.98) −0.48 (−0.48, 1.97) 1.37 (−0.48, 2.07)
MIP-3α 30.8 −0.67 (−0.67, −0.67) −0.67 (−0.67, −0.67) 0.68 (−0.67, 2.10) 2.07 (2.04, 2.08)**†††
IL-8 25.6 0.38 (0.38, 0.38) 0.38 (0.38, 2.06) 0.38 (0.38, 1.89) 0.38 (0.38, 0.38)
MCP-1 35.9 0.02 (0.02, 0.02) 0.02 (0.02, 1.92) 0.02 (0.02, 1.77) 1.38 (0.02, 1.70)
IP-10 30.8 1.24 (1.24, 1.24) 1.24 (1.24, 1.24) 1.24 (1.24, 1.93) 2.00 (1.91, 2.04)***††
SLPI 100.0 4.82 (4.75, 4.89) 4.81 (4.70, 4.97) 4.77 (4.71, 4.84) 4.87 (4.82, 4.95)
Elafin 100.0 4.35 (4.28, 4.39) 4.40 (4.24, 4.44) 4.27 (4.23, 4.29) 4.28 (4.21, 4.41)
HBD-2 74.4 2.57 (2.48, 2.79) 2.59 (2.54, 2.63) 2.55 (1.54, 2.90) 1.23 (1.23, 1.23)†
HNP1-3 100.0 3.68 (3.59, 3.90) 3.81 (3.70, 4.04) 4.01 (3.72, 4.16) 3.88 (3.77, 4.04)
TSP-1 100.0 2.55 (2.11, 3.31) 3.31 (2.83, 3.38) 3.22 (3.03, 3.43) 3.23 (2.76, 3.39)
Serpin A1 100.0 8.92 (8.90, 8.97) 8.88 (8.79, 8.94) 8.90 (8.81, 8.92) 8.87 (8.81, 8.89)
Cystatin-C 100.0 5.73 (5.63, 5.81) 5.66 (5.56, 5.79) 5.62 (5.52, 5.64) 5.51 (5.46, 5.68)
Cathepsin-B 100.0 4.39 (4.35, 4.56) 4.64 (4.55, 4.67) 4.53 (4.46, 4.61) 4.57 (4.44, 4.68)

SLPI: secretory leukocyte protease inhibitor. HBD2: human beta-defensin-2. TSP-1: thrombospondin-1. HNP1-3: human alpha defensin 1-3. Percent 
detectable column shows percentage of samples with detectable levels of biomarker. All comparisons based on pairwise Dunn’s test with Bonfer-
roni correction. Significant p values are denoted in bold: ***p < 0.001; **p < 0.01; *p < 0.05 versus Control; †††p < 0.001; ††p < 0.01; †p < 0.05 versus 
Depression.



Daniels et al. 5

(Table 2, Figure 2(a)), the reverse of what was seen for 
uninfected women. IP-10 followed a similar pattern, but 
the adjusted pairwise difference was significant only for 
the Abuse group (p < 0.05 versus Controls) (Table 2, 
Figure 2(b)). In contrast, levels of pro-inflammatory 
cytokine IL-6 were significantly higher in the Abuse 
(p < 0.05) and Abuse + Depression (p < 0.001) groups 
compared to Controls, all of whom had undetectable lev-
els (Table 2, Figure 2(c)). For the anti-inflammatory/
anti-HIV mediator Elafin, samples from Control, 
Depression, and Abuse groups had higher levels of 
Elafin compared to Abuse + Depression, but the differ-
ence was statistically significant only between 
Depression and Abuse + Depression (p < 0.01) (Table 2, 
Figure 2(d)). As with the HIV-uninfected women, IL-1α 
was undetectable in all samples, and TNF-α and IL-1β 
were detectable in only 5% of samples each.

Compared to the HIV-uninfected, HIV-infected sam-
ples had higher detectable levels of the pro-inflammatory 
cytokine IL-6 (55% versus 13%), three chemokines, MIP-
3α (71% versus 31%), MCP-1 (58% versus 36%), IP-10 
(53% versus 31%), and lower detectable levels of cytokines 

IL-1β (5% versus 74%), TGF-β (13% versus 36%), 
chemokine IL-8 (11% versus 26%), and antimicrobial/
anti-HIV Elafin (76% versus 100%) and HBD-2 (34% ver-
sus 74%) (Tables 1 and 2).

Differences in immune biomarker (cytokine/
chemokine/antimicrobial) network

We conducted Spearman correlation analyses to evaluate 
clustering between inflammatory and anti-inflammatory 
immune biomarkers by depression, abuse, and HIV status. 
However, unlike our previous findings in the genital 
tract,49 no significant clustering patterns among the groups 
were observed in the plasma samples (data not shown).

Discussion

Syndemic theory seeks to understand the biological, psy-
chological, social, and political interactions that influence 
the spread of disease.7 Here we examined the biological 
mechanisms by which physical and psychological stress 
resulting from long-term sexual abuse and depression 

Figure 1. Differences in systemic immune mediators by abuse status in HIV-uninfected women.
Plasma from control women with no history of sexual abuse or depression (n = 10), women with current depression (n = 11), women with history of 
chronic sexual abuse (n = 10), and women with the history of chronic sexual abuse plus current depression (n = 8) were tested for levels of (a) MIP-
3α, (b) IP-10, (c) IL-1β, and (d) HBD-2, by standard ELISA assays. Bars depict median, in log pg/mL of protein. Asterisks indicate significant p values 
as follows: ***p < 0.001, **p < 0.01, *p < 0.05.
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contributes to the acquisition and spread of HIV. Following 
up on our previous findings on genital immune dysregula-
tion in women exposed to lifetime chronic sexual violence, 
in this study, we evaluated systemic immune parameters in 
the same cohort. As there is a paucity of information 
regarding immune dysregulation and HIV risk in women 
experiencing violence, this study was designed as hypoth-
esis-generating with the goal of screening immune bio-
markers that are relevant to HIV immuno-pathogenesis in 
women. Of the 17 outputs analyzed, we found significant 
differences by abuse/depression status for four biomarkers 
in HIV-uninfected and four in HIV-infected, with two that 
were common to both groups. Our key findings point to 
specific and selective dysregulation of systemic immune 
mediators in those exposed to chronic abuse. Although we 
did not find statistically significant differences between 
Depression only and Controls, often, the most pronounced 
differences were noted in women with both abuse and 
depression risk factors. In addition, we found immune 
changes to be distinct based on HIV status of the 
individual.

Two potential immuno-biological pathways that may 
enhance HIV acquisition/transmission risk in this popula-
tion are local immune changes in the genital mucosa 23,49 
and systemic immune changes as a function of chronic 
stress exposure. Exposure to psychological stressors has 
been shown to have a detrimental effect on immune 

responses (and hence overall health), including poor 
responses to infections and vaccines.28,57–60 Depression, 
which frequently co-occurs with violence exposure, can 
interact with psychological stressors and has been linked 
to inflammation and immune dysfunction.36,61

We observed a pattern of increased chemokines and 
reduced pro-inflammatory cytokines and anti-HIV mediators 
in HIV-uninfected women. Chemokines MIP-3α and 
IP-10, positively associated with Abuse + Depression status, 
are potent chemo-attractors of immune cells, particularly 
activated T cells which are targets for HIV.62 Systemic upreg-
ulation of activated T cells has been reported in women expe-
riencing IPV.27,29 Our study was not designed to evaluate the 
cellular immune activation but the increased IP-10 and MIP-
3α that we observed could potentially be associated with the 
activated immune phenotype observed by Kalokhe et al.27 
We also observed reduced pro-inflammatory cytokine IL-1β 
to be significantly associated with Abuse + Depression sta-
tus. Suppression of inflammatory pathways has been reported 
in conditions of chronic stress.31,34 In particular, IL-1β has 
been reported to be associated with stress and depres-
sion.36,61,63 In HIV-infected women, the chemokine pattern 
was reversed, and reduced MIP-3α and IP-10 were associ-
ated with Abuse and/or Abuse + Depression status. Abuse 
status was also associated with increased pro-inflammatory 
mediator IL-6, both with and without depression. As all the 
HIV-infected women in our cohort were on HAART at the 

Table 2. Levels of soluble immune biomarkers in plasma comparing HIV-infected women with history of abuse, depression, or 
both to controls.

HIV-infected

Variable 
(Log10 pg/mL)

Percent 
detectable

Control median 
(IQR)

Depression median 
(IQR)

Abuse median (IQR) Abuse + depression 
median (IQR)

N 10 10 8 10
TNF-α 5.3 −1.60 (−1.60, −1.60) −1.60 (−1.60, −1.60) −1.60 (−1.60, −1.60) −1.60 (−1.60, −1.60)
IL-6 55.3 −1.01 (−1.01, −1.01) −0.56 (−1.01, 0.79) 0.45 (−0.06, 1.36)* 0.68 (0.61, 0.82)***
IL-1α 0.0 0.42 (0.42, 0.42) 0.42 (0.42, 0.42) 0.42 (0.42, 0.42) 0.42 (0.42, 0.42)
IL-1β 5.3 −0.48 (−0.48, −0.48) −0.48 (−0.48, −0.48) −0.48 (−0.48, −0.10) −0.48 (−0.48, −0.48)
TGF-β 13.2 −0.48 (−0.48, 1.74) −0.48 (−0.48, −0.48) −0.48 (−0.48, −0.48) −0.48 (−0.48, −0.48)
MIP-3α 71.1 2.09 (2.05, 2.13) 2.09 (1.96, 2.12) −0.67 (−0.67, 1.14)**† 0.72 (−0.67, 1.85)*
IL-8 10.5 0.38 (0.38, 0.38) 0.38 (0.38, 0.38) 0.38 (0.38, 0.52) 0.38 (0.38, 0.38)
MCP-1 57.9 1.82 (0.02, 1.88) 1.80 (0.29, 2.18) 0.02 (0.02, 1.91) 2.17 (0.02, 2.57)
IP-10 52.6 2.14 (2.06, 2.26) 1.96 (1.24, 2.13) 1.24 (1.24, 1.24)* 1.24 (1.24, 2.14)
SLPI 100.0 4.96 (4.87, 5.02) 4.89 (4.85, 5.00) 4.92 (4.88, 4.97) 5.00 (4.85, 5.03)
Elafin 76.3 4.19 (4.14, 4.43) 4.43 (4.27, 4.49) 3.56 (3.41, 4.50) 3.60 (3.41, 3.94)††
HBD-2 34.2 1.23 (1.23, 1.23) 1.23 (1.23, 2.39) 2.63 (1.23, 2.74) 1.38 (1.23, 3.47)
HNP1-3 100.0 3.77 (3.73, 3.86) 3.85 (3.73, 4.07) 3.79 (3.60, 4.06) 4.06 (3.82, 4.11)
TSP-1 100.0 2.59 (2.32, 3.19) 2.88 (2.51, 3.04) 3.05 (2.04, 3.21) 2.86 (2.73, 3.03)
Serpin-A1 100.0 8.81 (8.74, 8.83) 8.86 (8.79, 8.92) 8.79 (8.77, 8.86) 8.84 (8.77, 8.86)
Cystatin-C 100.0 5.79 (5.75, 5.84) 5.73 (5.68, 5.81) 5.62 (5.51, 5.78) 5.72 (5.59, 5.79)
Cathepsin-B 100.0 4.50 (4.44, 4.52) 4.46 (4.33, 4.60) 4.67 (4.42, 4.79) 4.51 (4.46, 4.55)

Percent detectable column shows percentage of samples with detectable levels of biomarker. SLPI: secretory leukocyte protease inhibitor; HBD2: 
human beta-defensin-2; TSP-1: thrombospondin-1; HNP1-3: human alpha defensin 1-3. All comparisons based on pairwise Dunn’s test with Bonfer-
roni correction. Significant p values are denoted in bold: ***p < 0.001; **p < 0.01; *p < 0.05 versus Control; †††p < 0.001; ††p < 0.01; †p < 0.05 versus 
Depression.
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time of sampling, it is unclear as to what extent the observed 
immune dysregulation may be attributable to selective 
immune modulation of the antiretroviral medications.64–66 In 
fact, we did observe distinct patterns of detectability of bio-
markers in HIV-uninfected versus HIV-infected samples. 
Further studies are needed to understand the impact of 
HAART on immune modulation in women experiencing 
violence and depression.

In regard to depression status, we found that the levels 
of biomarkers were, in general, not significantly different 
from the Control group. However, we did observe signifi-
cantly reduced anti-inflammatory/anti-HIV biomarkers 
HBD-2 (in HIV-uninfected samples) and Elafin (in HIV-
infected samples) in Abuse + Depression compared to 
Depression only group. To our knowledge, plasma levels 
of these biomarkers have not been previously shown to be 
associated with depression. However, some studies indi-
cate that the anti-inflammatory properties of HBD-2 can 
extend to the modulation of neuroimmune functions and 
neurodegeneration.67

The effects of HIV infection in reorganizing immune 
networks into more rigid clustering have been previously 

described.68,69 Our previous publication with this cohort 
demonstrated distinct clustering patterns in the genital 
tract.49 However, we did not observe any significant pat-
terns in plasma samples by depression, abuse, or HIV 
status.

Comparison of the findings in this study with the previ-
ously published analysis of genital immune dysregulation 
in the same cohort49 indicates that whereas some immune 
biomarkers showed similar patterns of dysregulation in 
genital tract as in plasma, others were distinct. For exam-
ple, in HIV-uninfected women, increase in chemokines that 
can attract HIV target cells (MIP-3α and IP-10) was associ-
ated with exposure to chronic sexual abuse in both plasma 
and genital tract samples. In HIV-infected women, 
increased pro-inflammatory cytokine IL-6 and decreased 
chemokine MIP-3α in both plasma and genital tract com-
partments were associated with chronic sexual abuse. This 
shows that certain immune biomarkers measured in the 
systemic compartment may function as surrogate markers 
for genital trauma. In contrast, clear compartmentalization 
was observed for other immune mediators. Whereas sig-
nificant changes in IL-1α and TNF-α in the genital tract 

Figure 2. Differences in systemic immune mediators by abuse status in HIV-infected women.
Plasma from control women with no history of sexual abuse or depression (n = 10), women with current depression (n = 10), women with history of 
chronic sexual abuse (n = 8), and women with history of chronic sexual abuse plus current depression (n = 10) were tested for levels of (a) MIP-3α, 
(b) IP-10, (c) IL-6, and (d) Elafin by standard ELISA assays. Bars depict median, in log pg/mL of protein. Asterisks indicate significant p values as fol-
lows: ***p < 0.001, **p < 0.01, *p < 0.05.
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were associated with abuse exposure,49 both biomarkers 
were mostly undetectable in plasma, irrespective of abuse, 
depression, or HIV status. The reduced pattern of anti-HIV 
mediators (HBD-2, Elafin) observed in plasma is a novel 
finding and was not observed in the genital tract. Although 
numerous publications to date have pointed to an associa-
tion between violence exposure and increased HIV acquisi-
tion/transmission, women who experience sexual violence 
remain severely underrepresented in research studies with 
biological endpoints. As this was a pilot study, the sample 
size was small which prevented us from conducting exten-
sive statistical analyses. However, we were able to identify 
important biomarker changes in women exposed to chronic 
sexual violence, which points to the need for future research 
in this arena. Furthermore, we were unable to control for 
some parameters including hormonal status (estrogen, pro-
gesterone, and cortisol), which can impact inherent varia-
bility of immune biomarkers, comorbidities (such as 
diabetes, hypertension), and overall health indicators (such 
as BMI). Other data on cohort characteristics, including 
socioeconomic status, smoking, alcohol use, and high-risk 
sexual behavior, have been reported in our previous publi-
cation.49 Finally, the cross-sectional design of the study 
does not allow us to make causal inferences.

Conclusion

The strength of this study lies in the novel characterization 
of the plasma secretome in the context of chronic violence 
exposure in HIV-uninfected and -infected women. 
Although a handful of recent studies has evaluated cellular 
immune activation and suppression27,29 in women experi-
encing violence, to our knowledge, dysregulation in 
secreted immune biomarkers in plasma has not been 
reported. Building on our previous studies that demon-
strated genital mucosal changes in response to sexual vio-
lence exposure, we show here that systemic changes also 
occur and may be further evaluated as surrogate markers 
of chronic genital trauma. Understanding how the immune 
system is affected by long-term exposure to sexual vio-
lence is likely to promote trauma-informed care and impact 
recommendations for post-exposure prophylaxis for HIV 
and STI in emergency care settings.70–72
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