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Background Ebola virus disease (EVD) outbreaks in West Africa (2013-2016) and the Democratic Republic of Congo
(2018-2020) have resulted in thousands of EVD survivors who remain at-risk for survivor sequelae. While EVD sur-
vivorship has been broadly reported in adult populations, pediatric EVD survivors are under-represented. In this
cross-sectional study, we investigated the prevalence of eye disease, health-related quality-of-life, vision-related qual-
ity-of-life, and the burden of mental illness among pediatric EVD survivors in Sierra Leone.

Methods Twenty-three pediatric EVD survivors and 58 EVD close contacts were enrolled. Participants underwent a
comprehensive ophthalmic examination and completed the following surveys: Pediatric Quality of Life Inventory
Version 4.0, Effect of Youngsters Eyesight on Quality-of-Life, and the Revised Child Anxiety and Depression Scale.

Findings A higher prevalence of uveitis was observed in EVD survivor eyes (10¢8%) cohort compared to close con-
tacts eyes (1¢7%, p=0¢03). Overall, 47¢8% of EVD survivor eyes and 31¢9% of close contact eyes presented with an eye
disease at the time of our study (p=0¢25). Individuals diagnosed with an ocular complication had poorer vision-
related quality-of-life (p=0¢02).

Interpretation Both health related quality-of-life and vision-related quality-of-life were poor among EVD survivors
and close contacts. The high prevalence of eye disease associated with reduced vision health, suggests that cross-dis-
ciplinary approaches are needed to address the unmet needs of EVD survivors.
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Introduction
Ebola virus disease (EVD), COVID-19 and other emerg-
ing infectious diseases continue to threaten our global
health security and require a multifaceted approach to
address the array of patient needs during survivorship.
Following the largest EVD outbreak in history within
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Research in context

Evidence before the study

We searched for studies that had investigated the ocu-
lar complications, quality of life impact of Ebola virus
disease (EVD) sequalae among pediatric (<18 years old)
survivors. We searched for PubMed indexed articles that
were published by January 2021. The search algorithm
utilized terms related to pediatric Ebola virus disease
survivorship (“Ebola” or “Ebola virus disease”) and (“sur-
vivors” or “Pediatric survivors” or “child survivors”); Ebola
sequalae (“sequelae” or “complication” or “Post-Ebola
Syndrome”); and our specific sequalae of interest (“Eye
disease” or “Uveitis” or “Quality-of-life” or “mental
health” or “Psychosocial Health”); Study setting (“Sierra
Leone”, Democratic Republic of the Congo”, “Liberia”,
“Guinea”). To date, The Prevail III study group has
enrolled the largest cohort of EVD survivors of the 2013-
2016 West African Ebola outbreak (966 EDV survivor
and 2350 EVD negative close contacts). They found an
initial prevalence of uveitis at enrollment, 26¢4% among
EVD Survivors vs. 12¢1% of close contacts; at year 1,
33¢3% vs. 15¢4%. However, the PREVAIL III study group
did not specifically report the vision-related quality of
life or health-related quality of life related to eye dis-
ease. Furthermore, pediatric populations were included
in the study, but rates of uveitis exclusive to pediatric
survivors was not presented. A recent study of EVD child
survivors(n=159) and their close contacts(n=303) were
enrolled in Western and Eastern Sierra Leone. While
they found a statistically significant increased odds of
“mood changes”, “photophobia”, “eye pain”, and “eye
redness” among pediatric EVD survivors compared to
close contacts, there was no ophthalmic exam per-
formed making it difficult to assess rates of eye
complication.

Added value of this study

Based upon our literature review, this is the first study
that focuses on the ophthalmic manifestations of pedi-
atric EVD patients in association with the multifaceted
needs of pediatric EVD patients. As such, we assessed
the spectrum of eye disease including uveitis and pres-
ent the novel finding of vernal keratoconjunctivitis asso-
ciated with EVD. We also report the relationship ocular
disease on vision-related quality-of-life, overall health-
related quality-of-life, and assess mental health meas-
ures including anxiety and depression in child and par-
ent reports.

Implications of all the available evidence

The available evidence suggests that are many pediatric
EVD survivors are either already suffering or at-risk of
potentially vision-threatening eye disease that contrib-
utes to vision disability and reduced quality of life.
These findings highlight the long-term challenges of
Ebola virus disease, findings that extend to relationships
with other emerging infectious diseases that are rele-
vant long past survival from acute infectious disease

illness. Our study findings suggest the need for system-
atic, multifaceted approach to provide long-term eye
care and mental health services following an EVD out-
break. Given the magnitude of the EVD outbreak in
West Africa and the Democratic Republic of the Congo
(DRC) previously, as well as recent sporadic outbreaks in
West Africa and the DRC, this study highlights the ongo-
ing need to continue gathering evidence for clinical ser-
vice, education, and a comprehensive understanding of
eye disease burden.
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West Africa (2013-2016), which resulted in over 28,600
cases and 11,300 deaths,1 the Democratic Republic of
Congo (2018-2020) confronted the second largest out-
break with 3,814 cases and 2,299 deaths.2 The unprece-
dented scale of recent EVD outbreaks has resulted in a
large cohort of pediatric EVD survivors that requires
greater understanding of clinical care needs for EVD
sequelae.

EVD survivors have presented with a wide variety of
post Ebola sequelae with symptoms including arthral-
gia, uveitis, mental health, and psychosocial stressors.3-8

The diversity of symptoms reported by EVD survivors
has been termed post-Ebola virus disease syndrome
(PEVDS). Uveitis, a potentially blinding eye disease, is
one of the most common ocular manifestations of
PEVDS, affecting 13-34% of EVD survivors.9-12

Mental health disorders including anxiety and
depression are commonly reported comorbidities dur-
ing acute EVD infection and during convalescence13,14

PEVDS can be particularly debilitating to children who
have faced a daunting illness, isolation from Ebola treat-
ment units (ETU), and the potential loss of guardians.15

The combination of psychosocial stressors in pediatric-
aged patients and high rate of uveitis observed in adult
EVD survivor cohorts raise questions about not only eye
disease, but also their interplay in child EVD survivors.

In this cross-sectional study of pediatric subjects in
Sierra Leone, we assessed the prevalence of eye disease
in EVD survivors and close contacts. We further evalu-
ated potential relationships of eye disease with vision
health related quality-of-life and the prevalence of men-
tal illness.
Methods
A cross-sectional observational study was performed to
assess pediatric EVD survivors and close contacts of
EVD patients at the Lowell and Ruth Gess Kissy Eye
Hospital in Freetown, Sierra Leone in April 2018. Insti-
tutional Review Board approval was obtained from
Emory University and the Office of Ethics and Scientific
Review Committee, Sierra Leone Ministry of Health
and Sanitation. Human subject research was conducted
according to the Tenets of the Declaration of Helsinki,
and informed consent was obtained with the assistance
of Sierra Leonean interpreters. Patients enrolled in this
www.thelancet.com Vol 49 Month July, 2022



Articles
study underwent a medical history, a complete ocular
examination, and completion of multiple surveys in
child and parent/ guardian: Pediatric Quality of Life
Inventory Version 4¢0 (PedsQL), Effect of Youngsters
Eyesight on Quality-of-Life (Eye-Q) and the Revised
Child Anxiety and Depression Scale (RCADS).
Patient recruitment and evaluation
Pediatric patients were recruited from an EVD survivor
network in partnership with the Sierra Leone Associa-
tion of Ebola Survivors (SLAES) and Survivor Health
Advocates (SHA), comprised largely of EVD survivors
who advocated for the health care for EVD survivors and
in communication with the Ministry of Health, and
World Health Organization representatives

A cohort of EVD survivors and pediatric close contact
controls were invited to participate from Western Area
Urban, Western Area Rural and Port Loko districts in
Sierra Leone. These districts were selected given their
proximity to Freetown. In both the pediatric EVD survi-
vor group and close contact group, inclusion criteria
included: 1) Parent or guardian for informed consent; 2)
Age less than 18 years-old at study recruitment. EVD
survivor status was confirmed with survivor certificates,
Ebola serum IgG, and a history of EVD requiring ETU
admission.16,17
Data collection
Data collected included past medical and ocular history,
ETU admission and discharge dates, ocular and sys-
temic symptoms during acute EVD. An ophthalmic
examination consisting of visual acuity (i.e., Snellen VA
or tumbling “E” chart depending on age and literacy),
pupil examination, extraocular motility, visual fields,
intraocular pressure measurement (Reichert Technolo-
gies, Depew, NY), slit lamp examination, and dilated
fundus examination with indirect ophthalmoscopy,
were performed.
Questionnaires
Health related quality of life (HRQL) was evaluated with
the Pediatric Quality of Life Inventory Version 4¢0
(PedsQL).17 Children aged 5-18 independently com-
pleted the questionnaire. A parent proxy report was also
completed for children aged 2-18. PedsQL is a 23-item
questionnaire that assessed quality of life in 4 domains:
1) Physical function; 2) Emotional function; 3) Social
function; 4) School function. Scores range from 0-100
with higher scores indicating better HRQL. Impaired
levels are defined by each domain: Physical Functioning
(HRQL score ≤ 72¢98), Emotional Functioning (HRQL
score ≤ 59¢57), Social Functioning (HRQL score ≤
66¢61, School Functioning (HRQL score ≤ 62¢99), and
Total Score (HRQL score ≤ 69¢71) on the PedsQLTM

Generic Core Scales.18-20
www.thelancet.com Vol 49 Month July, 2022
The Revised Child Anxiety and Depression Scale
(RCADS) is a 25-item questionnaire developed to assess
symptoms of anxiety disorders and depression in chil-
dren aged 6-18.21 T scores ≥ 65 were considered at risk
for a mental health disorder and needed further evalua-
tion by a mental health provider. A T-score ≥ 70 was
indicative of a mental health disorder and required
prompt treatment. Individuals with potential mental
health disorders were referred to the appropriate mental
health counselors and care providers.22

Effect of Youngsters Eyesight on Quality-of-Life
(EYE-Q) was utilized to evaluate vision related quality of
life (VRQOL) and vision-related functioning (VRF).
EYE-Q is composed of parent reports and patient self-
reports for children ≥8 years of age. Children and par-
ent proxies completed a 23-item questionnaire that
asked parents to reflect upon their child’s ability to carry
out a variety of visual tasks including: 1) Distance vision;
2) Near vision; 3) Color vision; 4) Night vision; and 5)
Photosensitivity. This tool is scored on a scale of 0-100,
with higher scores corresponding to better VRQOL or
VRF.23-26

Questionnaires were administered to children in the
EVD survivor and close contact groups who underwent
ophthalmic exam. The questionaries were verbally read
by a study team member with interpretation by the EVD
SHA in Krio or dialect as appropriate and the respon-
dent would reply verbally. A similar process occurred
for the corresponding parent/guardian. In instances
where there was a group home or multiple children
cared for by one guardian, one guardian may have com-
pleted surveys for multiple children. Administration of
questionaries were overseen by a health care provider
with mental health counseling training.
Data analysis
Data was displayed as frequencies or means with stan-
dard deviations (SD) for continuous variables. The level
of visual acuity in EVD survivors and close contacts
were divided into normal or mild vision impairment
(20/40 or better), moderate vision impairment (20/50
to 20/200) and blindness (20/400 or worse).27 Visual
acuities were then converted to logarithm of the mini-
mum angle of resolution (LogMAR) for continuous data
analysis. The following logMAR visual acuities without
a decimal visual acuity notated were converted as fol-
lows: Counting fingers − logMAR 2¢3; Hand motions −
LogMAR 3¢0. Light perception and no light perception
were excluded from logMAR analysis given that a geo-
metric visual angle cannot be attributed to these meas-
ures. For patients unable to undergo standard visual
acuity, the central, steady, and maintained (CSM) nota-
tion was utilized but were excluded from continuous
analysis measures.

The prevalence of ocular disease in pediatric EVD
survivors was compared to close contacts using a
3
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Fisher’s exact test. We utilized an unpaired t-test to
compare means for PedsQL, RCADS, and EYE-Q ques-
tionnaires between EVD survivors and close contacts.
Descriptive and univariate analyses were carried out
using Microsoft Excel (v2013, Redmond, WA), SPSS
(v24, Chicago, IL), and SAS (v9¢4, Cary, NC). All tests
were two-sided and a p-value < 0¢05 was considered sta-
tistically significant for all comparisons.

Role of funding source: Our funding sources played no
role in the study design, data collection, data analysis,
nor the writing of this paper. All study authors had
access to the data set and concurred with the decision to
submit for publication
Results

Patient demographic and cohort characteristics
Eighty-one pediatric patients were enrolled at the Lowell
and Ruth Gess Eye Hospital. Twenty-three pediatric
EVD survivors with a documented history of clinical
EVD and prior Ebola virus exposure was assessed with
Ebola IgG serology. Fifty-eight close contact controls
who were first-degree relatives of EVD patients and/or
household contacts of EVD patients were recruited. All
close contact controls were confirmed to be Ebola virus
IgG seronegative. Among EVD survivors, 13 had con-
firmed positive EVD IgG serology, 1 was unable to be
tested, and the remaining 9 tested negative for EVD
serology. In patients with a negative Ebola IgG serology,
survivor certificates were used to verify EVD survivor
status. In the EVD survivor cohort, 14 patients (60¢9%)
were male and comparable to the close-contact cohort in
which 26 patients (44¢8%) were male. The mean age
was younger in the close contact population with ages
of 11¢5 and 9¢0 years in EVD survivors and close con-
tacts, respectively (p=0¢03, Table 1).
Ophthalmic manifestations and visual acuity
Ophthalmic diagnosis of any type was observed in
47¢8% and 31¢9 % (p=0¢25) of EVD survivor eyes and
close contact eyes, respectively. A higher prevalence of
uveitis was observed in EVD survivors (5 eyes, 10¢8%)
compared to close contacts (2 eyes, 1¢72%, p=0¢03).
Interestingly, vernal keratoconjunctivitis was observed
at a greater rate in survivors (10 of 46 eyes, 21¢7%) com-
pared to close contacts (11 of 116 eyes, 9¢4%, p=0¢08).
When assessing the entire cohort, anterior segment dis-
ease was particularly notable with vernal keratoconjunc-
tivitis being the most common diagnosis (n=21 eyes,
13¢0%) followed by corneal scarring (n=12 eyes, 7¢4%)
and glaucoma (n=6 eyes, 3¢7%). Patients with vernal
keratoconjunctivitis showed moderate to severe con-
junctival injection with Horner-Trantas dots, inflamma-
tory aggregates circumscribing the cornea, which can
be associated with corneal scarring (Figure 1). Patients
with uveitis showed posterior synechiae, lens pigment,
iris atrophic change, and associated cataract (Figure 1).

VA were compared between cohorts by better seeing
and worse seeing eyes to document the more functional
eye and less functional, diseased eye, respectively.
Within the EVD survivor cohort, the mean VA in the
better seeing eye was LogMAR 0¢0 (SD: 0¢2, Snellen
visual acuity 20/20). Five eyes (10¢9%) showed moder-
ate vision loss visual acuity equal to or poorer than 20/
50 to 20/200 and 3 eyes (6¢5%) demonstrated visual
acuity worse than 20/200, meeting the case definition
for legal blindness based on WHO criteria.26 There
were 3 eyes with particularly poor vision at HM, LP and
NLP vision in one eye of each of 3 EVD survivors, but
normal vision in the contralateral eye. Diagnoses
included uveitis in two and corneal scar in one patient.

Within the close-contact population, the mean vision
in the better seeing eye was LogMAR 0¢11 (SD: 0¢18,
Snellen equivalent 20/25). No difference was observed
when comparing VA in the better seeing eye of EVD
survivors versus close contacts (p=0¢48). Twelve eyes
(10¢3%) demonstrated moderate visual acuity loss
within the 20/50 to 20/200 range and 6 eyes (5¢2%)
showed 20/400 or poorer vision.
Pediatric quality of life inventory version 4.0 (PedsQL)
The PedsQL survey was completed by 16 EVD survivors
(70%) and 42 EVD close contacts (72%) with correspond-
ing parent surveys for 11 EVD survivors (48%) and 32 close
contacts (55%), respectively (Table 3). The average total
PedsQL score for pediatric EVD survivors was 67.32 (SD:
13.37) compared to close contact score of 71¢61 (SD: 13¢56,
p=0.14 for comparison between EVD survivors and close
contacts). For parent reported scores, averages were 60¢73
(SD: 14¢40) in EVD survivors and 66¢18 (SD: 16¢97) in
close contacts, respectively (p=0¢17). In the PedsQL report
in children, EVD survivors demonstrated lower scores
across all domains of physical, emotional, social and school
functioning, and psychosocial health. The differences
between pediatric EVD survivors and close contacts
approached statistical significance in emotional function-
ing (T-score 1¢61, p=0¢06) and school functioning (T-score
1¢52, p=0¢07).

Further relationships were observed in the emotional
functioning domain of the child and parent report. The
pediatric EVD survivor and parent surveys showed a
lower level of emotional functioning compared to close
contacts. Specifically, in the child report, the mean emo-
tional functioning was 63¢20 (SD:11¢62) in EVD survi-
vors and 69¢14 (SD: 14¢49) in the close contacts
(Table 3, p=0¢05). In the child report, one specific ques-
tion contributing to this difference in emotional func-
tion was the question “I feel sad or blue”, with EVD
survivors scores being significantly lower than close
contacts (51¢56 vs 63¢69 p=0¢02). In addition, “I have
trouble sleeping” was significantly lower in EVD
www.thelancet.com Vol 49 Month July, 2022



Characteristics, N (%) EVD Survivor(n = 23)a Close Contact(n = 58)b P-value (Fisher’s exact
unless notedd)

Age, Mean (SD) 11¢5 (3¢8) 9¢1 (4¢3) 2¢01 (0¢03)d
Male (%) 14¢0 (60¢9) 26¢0 (44¢8) 0¢53
Sierra Leonean (%) 23¢0 (100¢0) 58 (100¢0) 1¢0

Ocular Characteristics

Worst Eye LogMar VA, Median (IQR) 0¢0 (0¢3) 0¢30 (0¢18) 2¢0 (0¢36)d
Best Eye LogMar VA, Mean (IQR) 0¢0 (0¢2) 0¢11 (0¢18) 1¢8 (0¢48)d
Mild vision loss (%)c 1 (10¢9) 3 (17¢2) 1¢0
Moderate vision loss (%)c 5 (10¢9) 12 (10¢3) 0¢44
Legal Blindness (%)c 3 (6¢5) 6 (5¢2) 0¢48
Abnormal Eye Motility (%) 3 (6¢5) 5 (4¢3) 0¢69
Ocular Complication (%) 22 (47¢8) 37 (31¢9) 0¢25
Vernal Keratoconjunctivitis (%) 10 (21¢7) 11 (9¢4) 0¢08
Corneal Scar (%) 5 (10¢9) 7 (6¢0) 0¢33
Glaucoma or Glaucoma Suspect (%) 3 (6¢5) 3 (2¢6) 0¢36
Uveitis (%) 5 (10¢8) 2 (1¢72) 0¢03
Synechiae (%) 2 (4¢3) 1 (0¢86) 0¢20
Cataracts (%) 1 (2¢2) 1 (0¢86) 0¢50
Corneal Edema (%) 1 (2¢2) 1 (0¢86) 0¢50
Embyrotoxon (%) 1 (2¢2) 2 (1¢72) 1¢0
Other (%) 3 (6¢5) 9 (7¢8) 1¢0

Table 1: Demographic and ophthalmic clinical features of pediatric EVD survivors and close contacts.
Ocular complications are reported by eyes

a 46 total eyes examined among EVD survivors;
b 116 eyes examined among EVD close contacts;
c The International Classification of Diseases 11 (2018);
d t-Test: unpaired Two-Sample Assuming Unequal Variances.

Articles
survivor children compared to close contacts (70¢31 vs
85¢12, p=0¢04). The parent report mean score in emo-
tional functioning within EVD survivors was 56¢79 (SD:
9¢33) and lower than the score of 68¢00 (SD: 19¢45),
(p=0¢03) within the close contacts. The primary driver
of this difference in the parent report was the statement,
“I feel sad or blue”, which was substantially lower in
EVD survivor compared to close contact parents
(48¢21 vs 65¢70, p=0¢04).
Effect of youngsters eyesight on quality-of-life (EYE-Q)
The EYE-Q was completed by 49 children including 16
Ebola survivors (70%) and 33 close contacts (57%). The
parent survey was completed by 37 parents total including
10 parents of EVD survivors and 27 parents of close con-
tacts. Total vision related quality of life (VRQOL) scores
were 60¢10 (SD: 26¢21) and 63¢21 (SD:21¢30) for child
EVD survivors and close contacts, respectively (p=0¢34).
Assessment of parent EYE-Q showed a lower score in
EVD survivor parents with a mean of 49¢14 (SD: 25¢10)
compared to 58¢56 (SD: 21¢12) in the parent close contact
cohort (p=0¢15 for comparison, Supplemental Table 4).

We also evaluated VRQOL in all pediatric patients
enrolled (EVD survivors and close contacts), stratified
www.thelancet.com Vol 49 Month July, 2022
by those patients with and without an ocular complica-
tion and observed significantly lower EYE-Q/VRQOL
scores in patients with an ocular complication in the
child report 55¢35 (SD: 22¢44) compared to those with-
out an ocular complication with a mean score of 70¢58
(SD: 18¢65, p=0¢01, Supplemental Table 1). Vision func-
tion scores were also significantly lower in subjects with
an ocular complication group (55¢94, SD: 23¢72 in
patients with an ocular complication compared to
70¢20, SD: 20¢45 in patients without an ocular finding,
p=0¢01). A lower VRQOL was observed in children with
an ocular complication with a score of 51¢39 (SD: 23¢78)
compared to 66¢62 (SD: 24¢62, p=0¢02). No differences
were observed for EYE-Q scores in the parent reports
when comparing pediatric EVD survivors with close
contacts for total vision and visual function scores
(p>0¢05 for all comparisons).
The revised child anxiety and depression scale (RCADS)
The RCADS tool was completed by 64 children which
included 18 EVD survivors (78%) and 46 close contacts
(79%). Parent reports were completed by 43 parents of
whom 11 were parents of EVD survivors and 32 were
parents of close contacts. In the entire child cohort (i.e.,
5



Figure 1. Representative slit lamp photos of EVD survivors. (A) EVD survivor with vernal keratoconjunctivitis with diffuse conjunctival
injection and characteristic Horner-Trantas dots, inflammatory aggregates in circumlimbal distribution (yellow arrows). (B) EVD survi-
vor with dense white cataractous lens with surrounding posterior synechiae form the iris to the lens and pigment on the lens cap-
sule. The patient is legally blind from the cataract associated with uveitis. (C) EVD close contact with a history of severe ocular
trauma, dense adhesions from the iris to the cornea (green arrows), posterior synechiae and pigment on the lens capsule.
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EVD survivors and close contacts), the mean total score
for children was 46¢37 with a mean anxiety subscale of
48¢97 and a mean depression subscale of 43¢72. In EVD
survivor children, RCADs scores were higher with a
mean total score, mean anxiety sub-scale, and mean
depression subscale measuring 49¢36, 51¢62, and
46¢62, respectively (Supplemental Table 1). In pediatric
close contacts, the mean scores were lower with a mean
total score, mean anxiety sub-scale, and mean depres-
sion subscale of 45¢15, 47¢85, and 42¢53, respectively.
There was a significant difference between the mean
total score (p=0¢04) and the mean depression subscale
(p=0¢03) with the EVD survivor population having
higher scores, but the increased scores in EVD survivor
Figure 2. Relationship of ocular complications (presence or absenc
quality of life score. Box and whisker plots denote median with inter
(Whiskers) for total vision score, visual function score, and vision rel
showed at least one ocular complication showed reduced total visio
compared to individuals without an ocular complication. Note: ** in
(p<0¢05).
populations did not meet criteria for a mental health
disorder or diagnosis.

In the parent surveys for the entire cohort, the mean
scores were higher than the children with an overall
cohort mean score of 59¢49, with the anxiety subscale
mean of 57¢82 and the depression sub scale mean of
59¢44. In the parent EVD survivor cohort, the mean
total score, mean anxiety sub-scale, and mean depres-
sion subscale measured 62¢00, 60¢12, and 61¢30 respec-
tively (Supplemental Table 2). These values in the
parents of EVD survivors were greater than the RCADS
scores in the parents of close contacts with a mean total
score, mean anxiety subscale, and mean depression sub-
scale score of 58¢63, 57¢03, and 58¢80 respectively.
e) to total vision score, visual function score, and vision related
quartile range (Q1, Q3; Box) and minimum and maximum values
ated quality of life scores. EVD survivors and close contacts who
n score, visual function score, and vision related quality of score
dicates statistically significant difference between mean scores

www.thelancet.com Vol 49 Month July, 2022
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Discussion
Following recent EVD outbreaks of unparalleled magni-
tude in West and Central Africa, thousands of EVD sur-
vivors remain at-risk for survivor sequelae including
ophthalmic disease, psychosocial stressors, systemic
sequelae, and the risk of viral persistence.28-30 While
EVD survivor care needs have been broadly reported in
adult populations, sequelae of pediatric EVD survivor-
ship are under-represented in the literature. Our study
presents a multifaceted approach to these urgent needs
via characterization of ophthalmic findings in a pediat-
ric EVD survivor and close contact population, in addi-
tion to visual function, vision-related quality-of-life and
mental health assessments.

We observed that ophthalmic complications were
common in both the EVD survivor and close contact
cohorts. Uveitis, the most common ophthalmic com-
plication observed in adult EVD survivor populations,
was observed with a greater prevalence in the EVD
survivor group compared to the control population.
However, the rate of uveitis observed in the pediatric
EVD survivor population of 10% was lower than the
prevalence of 13-34% described in primarily adult pop-
ulations.9-11

While these findings impacted the vision of the
affected eye, we also observed that the mean vision in the
better seeing eye in both the EVD survivor group and
close contact groups was good with the predominance of
patients in the normal or mild visual impairment cate-
gory of visual acuity (i.e. Vision better than or equal to
20/40). Yet, because of our inability to quantify LP or
NLP vision in EVD survivors, there is a slight bias to bet-
ter vision among the EVD survivors. The percentage of
patients that had poorer vision was higher in the EVD
survivor group, likely skewed by patients with uveitis
who demonstrated poorer vision on presentation.

Another notable diagnosis observed in over 20% of
EVD survivors and over 10% of close contacts was vernal
keratoconjunctivitis, often with corneal scarring. The
severely symptomatic conjunctival changes and associ-
ated corneal changes highlight the need for ophthalmic
subspecialty care and services for children in Sierra
Leone. Prior studies have not specifically assessed the
impact of EVD on ophthalmic disease in pediatric
patients and while uveitis was also observed with a
higher prevalence in EVD survivors in this study, larger
cohorts are needed to fully elucidate the ophthalmic
manifestations in pediatric cohorts.

Besides these ophthalmic findings, we also observed
that EYE-Q and PedsQL scores were reduced overall in
the EVD survivor and close contact population. Patients
with ocular complications reported worse VRQOL via
the EYE-Q instrument when compared to patients with-
out a documented ocular complication. EYE-Q also cap-
tures the perceived difficulty in the performance of
activities of daily living and the impact vision
impairment has on tasks performed by children.24-26
7



PedsQL − Children Report EVD Survivor(n =16) Mean, (SD) Close Contact (n = 42)Mean, (SD) T-Score (p-value)

Physical Functioning 73¢54 (17¢67) 75¢96 (18¢85) 0¢595 (0¢28)
Emotional Functioning 63¢20 (11¢62) 69¢14 (14¢49) 1¢61 (0¢06)
Social Functioning 69¢38 (16¢32) 73¢75 (18¢3) 0¢88 (0¢19)
School Functioning 57¢97 (17¢16) 65¢36 (13¢15) 1¢52 (0¢07)
Psychosocial Health 63¢96 (13¢31) 69¢35 (13¢15) 1¢31 (0¢10)
Total Score 67¢32 (13¢37) 71¢61 (13¢56) 1¢09 (0¢14)

PedsQL- Parent Report EVD Survivor (n =11)Mean, (SD) Close Contact (n = 32)Mean, (SD) T-Score (p-value)

Physical Functioning 63¢83 (20¢72) 71¢58 (20¢52) 1¢12 (0¢14)
Emotional Functioning 57¢68 (11¢63) 68¢40 (17¢39) 2¢24 (0¢02)
Social Functioning 60¢63 (23¢06) 64¢63 (21¢96) 0¢398 (0¢35)
School Functioning 60¢0 (15¢81) 59¢68 (17¢05) -0¢276 (0¢39)
Psychosocial Health 59¢64 (13¢48) 63¢15 (16¢58) 0¢681 (0¢25)
Total Score 60¢73 (14¢40) 66¢18 (16¢97) 0¢974 (0¢17)

Table 3: PedsQL scores in EVD survivors and close contacts.
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The parent report for the EYE-Q was comparable
between parents and guardians of children with and
without an ocular complication. Potential reasons for
discrepancies between parent and children report
include limited parental awareness of the impact of ocu-
lar conditions on activities, and underreporting of vision
challenges by children, if the unaffected eye maintains
functional vision.31

We also sought to further characterize the impact of
depression and anxiety in this unique patient popula-
tion with RCADs. In the child report, the mean total
RCADS, anxiety and depression subscale scores of the
EVD survivors exceeded the close contact cohort, partic-
ularly for depressive symptoms. Interestingly, a greater
prevalence of reported anxiety and depression symp-
toms was observed in the parent reports for both pediat-
ric cohorts. Prior reports have documented discordant
results related to parental insight from the child’s psy-
chosocial state.32 However, parent scores did suggest a
larger number of children who required further mental
health evaluation to determine if patients met clinical
criteria for anxiety and depression. Prior research has
documented clinically significant mental health chal-
lenges despite metrics that do specifically reach diagnos-
tic criteria.33-35

Limitations of this study include the small sample
size of pediatric-aged EVD survivors in this cohort
relative to the total population of survivors. Selection
bias for symptomatic children could also bias the
results to a higher prevalence of ophthalmic disease
compared to the true EVD pediatric survivor popula-
tion. One guardian also cared for multiple children,
which could artificially select for a guardian with
greater stressors from multiple children requiring
care. Future studies with a larger sample size and
intra-cluster correlation assessments could help to
refine our understanding of relationship between
vision health, vision-related quality-of-life and psy-
chosocial stressors in children and their guardians.
Of note, some study participants had significant
time constraints including travel from more distant
locations that prevented individuals from completing
all study questionnaires. Lastly, the questionnaires
were not originally developed in Krio, the lingua
franca of Sierra Leone, which may have affected
interpretation of specific questions.

Despite the limitations, we observed a higher fre-
quency of uveitis in eyes of pediatric EVD survivors,
as well as vernal keratoconjunctivitis in a substantial
proportion of patients evaluated. The presence of
ocular complications was notably associated with
reduced vision-related quality-of-life and vision func-
tion. Larger studies in pediatric-aged patients are
needed to determine the true prevalence of EVD-
associated ophthalmic disease and the potential
sight-threatening inflammatory and cicatricial cor-
neal disease observed. These findings raise questions
related to differential ophthalmic findings in pediat-
ric EVD survivors compared to adults, as well as the
need for expanded capacity for subspecialty eye care
in resource-limited settings. Moreover, the mental
health measures including anxiety and depression
from this cohort will better inform health professio-
nals and increase preparedness measures after an
EVD outbreak. Recent EVD outbreaks and the ongo-
ing COVID-19 pandemic have brought to light the
many medical care and mental health challenges
that may require attention during a public health
emergency - these challenges remind us of the
importance of cross-disciplinary research to address
challenges associated with EIDs and future pan-
demic outbreak response.36
www.thelancet.com Vol 49 Month July, 2022
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