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Abstract. Visible signs of disease can evoke stigma while stigma contributes to depression and mental illness, some-
times manifesting as somatic symptoms. We assessed these hypotheses among Ebola virus disease (EVD) survivors,
some of whom experienced clinical sequelae. Ebola virus disease survivors in Liberia were enrolled in an observational
cohort study starting in June 2015 with visits every 6 months. At baseline and 18 months later, a seven-item index of
EVD-related stigma was administered. Clinical findings (self-reported symptoms and abnormal findings) were obtained
at each visit. We applied the generalized estimating equation method to assess the bidirectional concurrent and lagged
associations between clinical findings and stigma, adjusting for age, gender, educational level, referral to medical care,
and HIV serostatus as confounders. When assessing the contribution of stigma to later clinical findings, we restricted
clinical findings to five that were also considered somatic symptoms. Data were obtained from 859 EVD survivors.
In concurrent longitudinal analyses, each additional clinical finding increased the adjusted odds of stigma by 18% (95%
CI: 1.11, 1.25), particularly palpitations, muscle pain, joint pain, urinary frequency, and memory loss. In lagged associa-
tions, memory loss (adjusted odds ratio [AOR]: 4.6; 95% CI: 1.73, 12.36) and anorexia (AOR: 4.17; 95% CI: 1.82, 9.53)
were associated with later stigma, but stigma was not significantly associated with later clinical findings. Stigma was
associated with select symptoms, not abnormal objective findings. Lagged associations between symptoms and later
stigma substantiate the possibility of a pathway related to visible symptoms identified by community members and lead-
ing to fear of contagion.

INTRODUCTION

Over half of the 28,616 individuals who were diagnosed
with Ebola virus disease (EVD) survived during the 2013–
2016 West Africa outbreak.1,2 Many of these EVD survivors
faced discriminatory and stigmatizing attitudes upon their
return to the community, slowing the process of reintegra-
tion.3–5 Survivors suffered from social isolation, job loss, dis-
ruption of resources, chronic stress, and various hardships
related to these stigmatizing attitudes.3,6–9 The challenges
encountered by survivors support Goffman’s definition of
stigma as discriminatory attitudes that are “deeply discred-
iting” and exclude individuals from full social acceptance.10

In addition to the social impact of stigma, existing evidence
demonstrates its negative effect on physical and mental
health outcomes,9,11 reinforcing the importance of better
understanding stigma toward EVD survivors and the factors
that allow it to persist.
As described by Jones et al., conditions accompanied by

visual symptoms evoke stronger antisocial reactions than
conditions that can be concealed; “visible concealability” is
included as one of the most important psychological compo-
nents of stigma.12,13 Conditions with apparent symptoms,
such as leprosy and visible skin conditions, lead to higher
levels of stigma.14–16 The disease avoidance model provides

a practical framework for examining this relationship, posit-
ing that individuals and society avoid those with visible signs
or labels that connotate the disease.17,18 The psychological
processes that evolved to identify threats of disease can
cause the misinterpretation of visible cues, leading to avoid-
ance of and stigma toward those with signs of disease even
when there is no true threat of contagion.17,18

Furthermore, existing qualitative studies suggest a poten-
tial bidirectional relationship between clinical findings and
stigma toward EVD survivors, with possible explanations
including the fear of contagion toward those with visible dis-
ease and the impact of stigma on mental and physical
health.3,4,19 Ebola virus disease survivors with an acute
illness may have experienced stigmatizing attitudes from
community members because of the fear of infection, con-
tributing to internalized stigma;3 conversely, perceived and
internalized stigma may have contributed to depression and
mental illness, manifesting as somatic symptoms.20,21 Such
a relationship between stigma and clinical manifestations
has been observed in other stigmatized diseases, such
as HIV.22

Post-EVD clinical sequelae—such as uveitis, muscle plain,
and memory loss—and stigma among EVD survivors have
been independently reported to resolve over the same time
period in Liberia, raising the question of whether these phe-
nomena in EVD survivors are linked.23–27 Considering that
visual symptoms experienced by EVD survivors had the
potential to evoke stronger antisocial reactions, we hypothe-
sized that the lack of “visible concealability” of post-EVD
clinical sequelae will lead to stigma. Alternatively, EVD survi-
vors faced depression, anxiety, and other poor mental health
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outcomes. We hypothesized that EVD survivors who per-
ceived or internalized stigma will be at risk for these poor
mental health outcomes, which have the potential to mani-
fest as somatic symptoms.

METHODS

Study participants and procedures. This investigation
used data from the observational cohort study of EVD survi-
vors implemented by the Partnership for Research on Ebola
Virus in Liberia (PREVAIL III: Ebola Natural History Study).
Starting in June 2015, PREVAIL III used a proactive recruit-
ment strategy to identify eligible EVD survivors and their
close contacts in the seven highly EVD-affected counties.24

Ebola virus disease survivors of any age were considered eli-
gible for enrollment if they were listed in the national registry
provided by the Ministry of Health. The current data analysis
included EVD survivors who met the eligibility criteria and
were seropositive to Ebola virus (EBOV)-specific anti-
glycoprotein (GP); it excluded seronegative survivors.
Study visits occurred every 6 months during which trained

Liberian health providers conducted a medical history,
review of symptoms, and physical examination. Questions
on EVD-related stigma were included in the questionnaire at
baseline and 18 months after baseline. These questions
were directed to EVD survivors who were 12 years and
above. More details about the parent PREVAIL III study can
be found elsewhere.24

Data collection and measurements. We used the review
of systems and physical examination to assess for abnormal
clinical findings. Clinical findings were defined as the pres-
ence of self-reported symptoms (yes/no) or as abnormal
findings (yes/no). The severity of symptoms and findings
were not recorded. See Supplemental Tables 1 and 2 for
more details.
To focus our investigation on the association of clinical

findings and stigma and reduce the likelihood of Type I
errors, we chose to examine previously identified clinical
findings associated with post-EVD clinical sequelae, or clini-
cal findings identified in the random forests as having greater
variable importance than the most significant association
(and endorsed in focus groups). As published elsewhere,24

clinical data from a 1-year assessment of PREVAIL III were
used to compare the prevalence of symptoms and abnormal
findings among survivors and their close contacts. Other
than uveitis, abnormal findings were collapsed into systems
because of low prevalence. Ebola virus disease survivors
had a higher prevalence of the following symptoms and sys-
tems of abnormal findings than close contacts: fatigue,
headache, muscle pain, joint pain, urinary frequency, memory
loss, chest findings, abdominal findings, musculoskeletal find-
ings, neurologic findings, and uveitis (all with P,0.0001).24 In
the direction assessing stigma and later clinical findings, we
restricted our use of the clinical findings to those that over-
lapped with somatic symptoms given our hypothesized under-
lying pathways.
Given the low prevalence of stigma at 18 months, we used

random forests to identify additional clinical findings (beyond
those more common among survivors than contacts)
relevant to the potential association with stigma. A random
forest uses a multitude of regression trees to predict an out-
come. These analyses had stigma at 18 months as the

outcome and all symptoms (94 items) and abnormal findings
(62 items) at 12 months as potential predictors. We used a
variable importance metric, mean decrease accuracy, to
assess the relevance of various symptoms and abnormal
findings. Mean decrease accuracy measures the amount of
prediction accuracy is lost when each variable is excluded.
The predictors we found to have greater importance than
the other common findings among survivors were included
in analyses. We identified anorexia, blurry vision, and palpi-
tations as variables with greater importance assigned to
them than memory loss. We discussed these additional vari-
ables in a focus group. Anorexia was potentially relevant to
the direction considering clinical findings associated with
later stigma, whereas palpitations was potentially relevant to
the direction considering stigma associated with later clinical
findings. Thus, we included palpitations and anorexia in our
investigation.
Uveitis was considered a negative control in this study

because a relationship with stigma was not expected and
participants were unaware that they had uveitis at the time
of interview. Moreover, most cases of uveitis were inactive at
the time of diagnosis (baseline eye visit) and manifested only
by scarring (only 5% of participants had active uveitis). The
median visual acuity of participants with uveitis was near
normal (20/25). In addition, the ophthalmology group of
PREVAIL III who cared for survivors observed that a diagno-
sis or clinical findings consistent with EVD-associated uveitis
did not prompt reports of stigma. This was substantiated by
the literature.28

Ebola virus disease–related stigma was measured by a
seven-item index adapted from the People Living with HIV
(PLHIV) Stigma Index.29 More details about the development
of the EVD-related stigma index can be found elsewhere.23

Briefly, the PLHIV Stigma Index has been administered to
over 100,000 PLHIV in more than 90 countries, including
Liberia in 2013. During the EVD outbreak in Liberia, PREVAIL
III study staff used a combination of focus groups of EVD
survivors and mental health and EVD experts to select,
adapt, and test stigma items that were specifically relevant
to the experience of EVD survivors. Of the seven stigma
items, two are related to discriminatory and stigmatizing atti-
tudes from other people, two are related to access to work
and social services, and three are related to internalized
stigma. The sum of affirmative responses to each yes/no
item was defined as the EVD-related stigma index.
The investigator team for this study, led by M. Badio and

J. Kelly, considered expert opinion and other evidence to
identify potential confounders from the questionnaire admin-
istered at study baseline.23 These covariates included age,
sex, educational level, referral to partnering health facilities
for medical care (not related to ophthalmology), and HIV
serostatus.

Statistical analyses. Clinical findings were dichotomized
and considered the dependent variables. Stigma was a vari-
able based on seven items and considered the independent
variable. We assessed concurrent and lagged associations
between stigma and clinical findings using data from base-
line to 18 months. Stigma data were only collected at base-
line and 18 months, and these available data shaped the
study visits used for our analyses. In contrast, clinical find-
ings data were available at each study visit. To assess con-
current associations for each clinical finding and stigma, we
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used pooled data from baseline and 18 months. In addition,
we summed the clinical findings and assessed the relation-
ship with stigma. For lagged associations, data used from
study visits depended on the direction of the relationship
being assessed. The temporal lag was 6 months because of
the time period between study visits. To assess stigma asso-
ciated with later clinical findings, we used baseline stigma
and month 6 clinical findings. To assess clinical findings
associated with later stigma, we used month 12 clinical find-
ings and month 18 stigma. See Supplemental Table 6 for
more details on the PREVAIL III measurement timeline and
available data for analysis.
We applied the generalized estimating equation (GEE)

method with an exchangeable correlation structure to
account for correlated responses from the same participant.
Each clinical finding was assessed with a multivariate statis-
tical model. Analyses with data from ophthalmic exams and
semen collection was limited because of the dyssynchro-
nous timing of these substudy visits. To control the overall
Type I error rate with multiple hypothesis testings, a P value
of ,0.01 was considered to be statistically significant and
used for all of our analyses.
We conducted several sensitivity analyses. We grouped

individual symptoms by body system and detected a similar
magnitude of associations when we reran the analyses (Sup-
plemental Table 3). We evaluated the distribution of missing
data by study visit (e.g., participants who had data at base-
line but not at 18 months, and vis-versa) and found no signif-
icant predictors of missing data. Analyses were performed
using STATA/IC (Version 13.1, STATA Corporation, College
Station, TX) and R (Version 3.2.3, R Foundation for Statistical
Computing, Vienna, Austria) including packages xtable, gee,
and RandomForest.

Ethics statement. The National Research Ethics Board of
Liberia and the National Institute of Allergy and Infectious
Diseases Institutional Review Board (IRB) at the United
States National Institutes of Health approved the PREVAIL III
study protocol. Before any study-related procedures were
conducted, participants signed or marked the approved
informed consent form, and parents or guardians provided
this consent on behalf of all child participants, while adoles-
cents provided assent as appropriate.

RESULTS

Partnership for Research on Ebola Virus in Liberia III
enrolled 1,145 EVD survivors. In these analyses, we

excluded participants who did not have antibodies to Ebola
virus and were under the age of 12. There were 859 remain-
ing EVD survivors (75%). Of these seropositive participants,
we obtained a follow-up measurement of EVD-related stigma
from 740 EVD survivors at 18 months. The baseline visit was
a median of 352 days (interquartile range: 306, 402) after dis-
charge from an Ebola treatment unit. From baseline to 18
months, EVD survivors who reported at least one item from
the EVD-related stigma index declined from 63% to 5%.
Characteristics of clinical findings and EVD-related stigma
measured at each study visit can be found in Supplemental
Tables 4 and 5.
At study baseline, there was a broad distribution of ages,

which were as follows: age 12–19, 141 (16.4%); age 20–29,
245 (28.5%); age 30–39, 231 (26.9%); age 40–49, 144
(16.8%); age 50 or older, 98 (11.4%). The minority (44.0%)
was male. One-fifth (20.6%) of survivors had not completed
any formal education. Nearly half (41.2%) were referred to
partnering health facilities for medical care. The HIV sero-
positivity among survivors (1.4%). These characteristics
were similar at 18 months (Table 1) with the exception of
fewer referrals to medical care (12%). There were 77 men
who were positive for Ebola virus in their semen before 18
months. Only nine (11.7%) of these men endorsed any
stigma at 18 months.

Concurrent associations. Each additional clinical finding
increased the adjusted odds of stigma by 18% (95% CI:
1.11, 1.25). We found concurrent associations with palpita-
tions (adjusted odds ratio [AOR]: 1.22; 95% CI: 1.10, 1.35),
muscle pain (AOR: 1.22; 95% CI: 1.10, 1.35), joint pain
(AOR: 1.19; 95% CI: 1.08, 1.31), urinary frequency (AOR:
1.32; 95% CI: 1.18, 1.48), and memory loss (AOR: 1.22; 95%
CI: 1.10, 1.35) (Table 2). The associations between concur-
rent abnormal findings observed on examination and stigma
did not reach statistical significance.

Lagged associations. We found lagged associations
with memory loss (AOR: 4.6; 95% CI: 1.73, 12.36) and
anorexia (AOR: 4.17; 95% CI: 1.82, 9.53) and later stigma.
Palpitations had 2.9 times the odds of later stigma, but the
association did not reach statistical significance. No abnor-
mal findings were associated with later stigma. Uveitis was
our negative control and not found to be associated with
later stigma (AOR: 0.99; 95% CI: 0.46, 2.14) (Table 3). We
found no lagged associations with stigma and later clinical
findings (Table 4).

Random forest plots. This analysis largely recapitulated
our findings from the concurrent associations because

TABLE 1
Participant characteristics and study baseline and visit 4

Baseline (%) Visit 4 (18 months; %)
P valueN 5 859 N 5 740

Age 12–19 16.4 16.2 –

Age 20–29 28.5 29.1 –

Age 30–39 26.9 27.2 0.998
Age 40–49 16.8 16.4 –

Age 501 11.4 11.2 –

Male 44 43 0.716
Education (No formal education) 20.6 19.3 –

Education (Primary, junior high or vocational) 38 38.2 0.807
Education (High school or beyond) 41.4 42.4 –

Referred to medical care 41.2 12 , 0.001
HIV-positive 1.4 2 0.444
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statistically significant clinical findings, particularly memory
loss, muscle pain, joint pain, and headache, were among
the important variables identified in the random forest plot
(Figure 1). Memory loss was the variable of highest impor-
tance among statistically significant clinical findings.

DISCUSSION

In a large cohort of Ebola survivors, we found that stigma
was strongly associated with select symptoms but not
abnormal findings on examination. Lagged associations
between clinical symptoms and later stigma substantiate the
possibility of a pathway related to visible symptoms identi-
fied by community members and leading to fear of conta-
gion. Other symptoms, most of which were also apparent to
community members (e.g., muscle and joint pains), were
only identified in concurrent associations, suggesting that
greater power at 12 months and 18 months may have
identified more lagged associations and generated stronger
evidence that select clinical symptoms predict stigma. Addi-
tional clinical symptoms contributing to stigma are sup-
ported by other qualitative studies.3,4,19 Although lagged
analyses did not provide additional evidence to support
underlying pathways related to mental health or healthcare
behaviors, the temporal lag of 6 months was long enough
that survivors could receive psychosocial services, resolve
personal stressors, or notice a change in healthcare provider
attitudes. Thus, the temporal lag may have been too long to
detect associations with stigma and later clinical symptoms
but short enough to detect associations within clinical

symptoms and later stigma. This may explain why some
concurrent longitudinal associations (e.g., muscle pain) were
not attributed to either lagged analysis.
Disentangling the directionality of the relationship between

clinical findings and stigma may inform the extent to which
these associations are the result of social process, patho-
physiological mechanisms, mental illness, or a combination.
Our evidence that memory loss and anorexia may have
caused stigma supports the concept that these cause–effect
relationships may be the result of a societal process. During
the West African outbreak, studies of the natural history of
EVD characterized clinical sequelae and documented that
EBOV RNA can persist over time, particularly in the
semen.26,27,30,31 Community members perceived EVD survi-
vors to be contagious, particularly when they were sick (e.g.,
clinical sequelae).3 These perceptions may have contributed
to discriminatory and stigmatizing attitudes toward survi-
vors, even though EBOV viral persistence rapidly declined
and transmission was rarely observed to occur.32–34 These
attitudes led some survivors to deny being ill.19 At the end of
the West African outbreak, the WHO updated their advice on
several issues, including sexual transmission of EVD and
clinical care for survivors.35,36 These updates and other
scientific advances in our knowledge of EBOV research,
including transmission, were slow to be disseminated to
West African communities, if they were disseminated at all.

TABLE 2
Concurrent associations between clinical findings and stigma

Clinical finding Odds ratio (95% CI) P value

Fatigue 1.14 (1.02, 1.27) 0.02
Muscle pain 1.22 (1.1, 1.35) ,0.001
Joint pain 1.19 (1.08, 1.31) ,0.001
Headache 1.02 (0.93, 1.12) 0.692
Urinary frequency 1.32 (1.18, 1.48) ,0.001
Memory loss 1.22 (1.1, 1.35) ,0.001
Anorexia 1.1 (0.98, 1.23) 0.105
Palpitations 1.24 (1.1, 1.4) ,0.001
Chest exam findings 1.05 (0.84, 1.31) 0.647
Neurological exam findings 1.03 (0.84, 1.27) 0.767
Abdominal exam findings 1.14 (1.01, 1.29) 0.029
Musculoskeletal exam findings 0.99 (0.82, 1.21) 0.937

TABLE 3
Lagged associations between clinical findings and later stigma

Clinical finding
Lagged association Lagged association
Odds Ratio (95% CI) P value

Fatigue 1.09 (0.24, 4.89) 0.907
Anorexia 4.17 (1.82, 9.53) 0.001
Headache 1.32 (0.64, 2.7) 0.454
Palpitations 2.87 (1.04, 7.93) 0.042
Muscle pain 1.3 (0.52, 3.27) 0.573
Joint pain 1.54 (0.74, 3.19) 0.25
Urinary frequency 0 (0, Inf) 0.988
Memory loss 4.63 (1.73, 12.36) 0.002
Uveitis 0.99 (0.46, 2.14) 0.989
Chest exam findings 0 (0, Inf) 0.991
Abdominal exam findings 0.4 (0.09, 1.75) 0.226
Musculoskeletal exam findings 2.03 (0.43, 9.57) 0.37
Neurological exam findings 2.14 (0.26, 17.98) 0.482

TABLE 4
Lagged associations between stigma and later clinical findings

Clinical finding
Lagged association Lagged association
Odds ratio (95% CI) P value

Fatigue 0.95 (0.8, 1.14) 0.599
Headache 1.06 (0.96, 1.18) 0.275
Palpitations 1.11 (0.94, 1.31) 0.225
Muscle pain 1.08 (0.94, 1.23) 0.283
Joint pain 1.04 (0.93, 1.15) 0.513

FIGURE 1. Variable importance of clinical findings and later stigma.
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Public health campaigns about lessons learned from EVD
research may be considered as part of outbreak prepared-
ness strategies and have the potential to benefit response
teams and EVD survivors during current and future EVD
outbreaks.
Post-EVD clinical sequelae have been described as a col-

lection of self-reported symptoms and abnormal findings
that may be the result of various pathophysiological mecha-
nisms.24,37 Ebola virus viral persistence has been linked to
pathological mechanisms that can cause uveitis and menin-
goencephalitis.38,39 Notably, these were extraordinary cases
of expatriated EVD responders who were critically ill and
received a higher level of care than available in West Africa.
For the overwhelming majority of EVD survivors who experi-
enced at least one post-EVD clinical sequela, the underlying
pathophysiological mechanism is unknown. Some of these
symptoms may be linked to somatic symptoms, and mental
illness such as posttraumatic stress or depression may be
part of the contributing pathway.3 We did not find strong
evidence, however, that stigma may explain somatic symp-
toms, which could be conflated with other pathophysiologi-
cal mechanisms such as viral persistence.
This study had limitations. EVD-related stigma was rare at

18 months, and this limited the power of our analyses to
determine the impact of clinical findings on later stigma, as
witnessed in wide CIs. The 6-month temporal lag was long
and therefore the lagged association may not be sensitive
enough to detect concurrent associations observed with
certain clinical findings. Participants were enrolled on aver-
age about 1 year post-EVD, and community members may
have feared contagion for shorter periods of time. Certain
relationships between post-EVD clinical sequelae and
stigma may have occurred and resolved before the PREVAIL
III study. Furthermore, stigma was only assessed at baseline
and 18 months, which limited our ability to assess the rela-
tionship closer to survival. When the PREVAIL III study
began, it enrolled the largest cohort of EVD survivors in West
Africa and, although this was not a population-based sam-
ple, the sample was largely representative of those highly
EVD-affected Liberian counties. Checks on missing data
between baseline and 18 months suggested that we did not
observe selection bias during the follow-up period. Although
there were large amounts of data collected on participating
EVD survivors, a complete medical history was difficult to
obtain because of poor medical record-keeping in Liberia,
so there may have been some unmeasured confounding.
For uveitis, we did not find an association with stigma, as
expected, which served as a negative control and gave addi-
tional validity to our findings. Although these findings may
provide some evidence of temporality and support the
potential of a causal relationship, we were unable to
unequivocally determine causality.
This study established a quantitative and directional rela-

tionship in which select symptoms contributed to stigma
among EVD survivors. Distrust and stigma have been
reported during the subsequent EVD outbreaks in the Demo-
cratic Republic of the Congo, which offer opportunities for
intervention development and additional longitudinal studies
of the causal pathways as more EVD cases survive and face
the possibility of being stigmatized, particularly when they
become sick and their symptoms are visible to community
members. The public health community has a responsibility

to eliminate stigmatizing and discriminatory attitudes against
survivors in every way possible.
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