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Abstract: Among children born with laboratory-confirmed Zika virus (ZIKV) infection, visual
impairment (VI) can occur despite normal ocular structure. The objective of this report is to describe
ocular findings and visual function among children examined during the Department of Health
Zika Health Brigade (ZHB) in the United States Virgin Islands in March 2018. This analysis is
based on a retrospective chart review of children eligible to participate in the ZHB (i.e., part of the
US Zika Pregnancy and Infant Registry) and who were examined by ophthalmologists. Eighty-
eight children attended the ZHB. This report includes 81 children [48 (59.3%) males] whose charts
were located [average gestational age = 37.6 weeks (range: 27.6—41.3) and average adjusted age at
examination = 9.1 months (range: 0.9-21.9)]. Of those examined, 5/81 (6.2%) had microcephaly at
birth, 2/81 (2.5%) had a structural eye abnormality, and 19/72 (26.4%) had VI. Among children
with normal ocular structure and neurologic examination, 13/51 (25.5%) had VI. Despite a low
incidence of abnormal ocular structure and microcephaly, about a quarter of children examined
had VI. Our findings emphasize that ophthalmological examinations should be performed in all
children with suspicion for antenatal ZIKV infection, even children with normal ocular structure and
neurologic examination.

Keywords: congenital Zika infection; ocular findings; visual function; visual impairment;
vision screening

1. Introduction

First isolated in Uganda in 1947, Zika virus (ZIKV), a single-stranded ribonucleic acid
flavivirus, is primarily transmitted by the Aedes mosquito, but can also be transmitted
sexually, intrauterine (mother-to-fetus during pregnancy), and perinatally (mother-to-
infant at delivery) [1,2]. While most people infected with ZIKV are asymptomatic or
only have mild symptoms of fever, maculopapular rash, conjunctivitis, or arthralgias, in
2013-2014 ZIKV was first noted to be associated with Guillain-Barre syndrome [1]. In
2017, it was reported that infection with ZIKV during pregnancy can cause a recognizable
pattern of structural anomalies and functional disabilities known as Congenital Zika
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syndrome (CZS) [3]. The five features unique to CZS or rarely seen with other congenital
infections include: (1) Severe microcephaly with partially collapsed skull; (2) Thin cerebral
cortices with subcortical calcifications; (3) Macular scarring and focal pigmentary retinal
mottling; (4) Congenital limb contractures; and (5) Marked early hypertonia and symptoms
of extrapyramidal involvement [3]. The most recent ZIKV outbreak identified in the
Americas in 2015 has had a wide geographic distribution, being reported in 86 countries
and territories [4].

Most of our knowledge on ocular findings and visual impairment have come from
South America, in particular Brazil [5-12]. The most commonly reported ocular findings
associated with congenital ZIKV infection include macular (i.e., chorioretinal scarring
and focal pigmentary changes) and optic nerve abnormalities (i.e., hypoplasia, cupping,
and atrophy) [5-8,13]. In cases of presumed and confirmed ZIKV infection both with and
without structural ocular abnormalities, studies have reported abnormal visual acuity
and function in children [5-8,11,12]. Among children born with laboratory-confirmed
ZIKV infection, severe visual impairment can occur despite normal ocular structure due to
presumed cortical visual impairment [5-8].

As far as we are aware, there have been no studies published on the ocular findings
and visual function in a cohort of infants in the United States (US) or US territories. The
US Zika Pregnancy and Infant Registry (USZPIR) is a surveillance system collecting infor-
mation about pregnancy and infant/child outcomes among pregnancies with laboratory
evidence of confirmed or possible ZIKV infection [14,15]. A Zika Health Brigade (ZHB)
was carried out in the US Virgin Islands (USVI) in March 2018, which included evalua-
tion of infants born to mothers with possible or confirmed infection with ZIKV during
pregnancy [16]. During the ZHB, infants were evaluated by pediatricians and pediatric
neurologists, ophthalmologists, and audiologists [16].

The objective of this report is to describe ocular findings and visual function of a group
of children born to mothers with possible or confirmed ZIKV infection during pregnancy
who were examined during the Department of Health ZHB in the USVI in March 2018.

2. Materials and Methods

This report was approved by the Duke University Health System Institutional Re-
view Board, who waived the requirement for informed consent, and complied with the
regulations of the US Health Insurance Portability and Accountability Act of 1996.

Through this retrospective chart review, we only included children who met USZPIR
eligibility criteria, were examined during the ZHB by ophthalmologists, and had complete
charts from the ZHB available for review. USZPIR eligibility criteria included children born
between 1 December 2015 and 31 March 2018 in the USVI, to mothers with confirmed or
possible recent ZIKV infection as defined by (1) ZIKV infection detected by Zika ribonucleic
acid nucleic acid amplification test (NAAT) on any maternal, placental, fetal, or infant
specimen or (2) ZIKV or flavivirus infection detected by serologic tests of maternal, fetal, or
infant specimen [14]. Confirmed ZIKV infection was defined as either: (1) positive NAAT
or 2) positive or equivocal Zika Immunoglobulin M testing and ZIKV plaque reduction
neutralization test (PRNT) > 10 and dengue PRNT < 10. A ZHB was carried out in the USVI
from 19 to 24 March 2018, which included evaluations by developmental pediatricians and
pediatric ophthalmologists, neurologists, and audiologists. For this report, developmental
abnormalities were considered present if the child was either categorized during the ZHB
as “at risk for developmental delay” based on results of screening using the Ages and
Stages Questionnaire —3 or found to have “other neurodevelopmental abnormalities”
(i.e., abnormal tone, abnormal movement, arthrogryposis, or seizures) based on physical
examination and medical record review by a pediatric neurologist.

All children who presented during the ZHB had a comprehensive ophthalmologic ex-
amination performed by an ophthalmologist that consisted of evaluation of visual function,
visual development, ocular motility and alignment, anterior segment examination, intraoc-
ular pressure, cycloplegic refraction, and dilated fundus examination. Visual function
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testing included Hiding Heidi Contrast testing (Good-Lite, Elgin, IL, USA, Figure 1), shift
of gaze testing, confrontational visual fields, and accommodation. Confrontational visual
fields evaluated a child’s ability to recognize a stimulus in each quadrant. Accommodation
was considered abnormal if dynamic retinoscopy was abnormal. Visual development
was considered abnormal if the child was unable to meet visual milestones according to
adjusted age (Table 1) [17,18]. Visual impairment was considered present if the 5% or lower
Hiding Heidi contrast card (Figure 1B) did not elicit a response at 30 cm, or if shift of gaze
testing, confrontational visual field testing, accommodation testing, or visual development
was abnormal. Intraocular pressure was checked with rebound tonometry (iCare® TAO1i,
iCare, Helsinki, Finland).

Figure 1. Hiding Heidi Contrast test (Good-Lite, Elgin, IL, USA). (A) The cards from highest (100%, top left) to lowest
(1.25%, bottom right) contrast, where the % contrast can be seen at the bottom right hand corner of each card. (B) During

testing, the Hiding Heidi Contrast card would be revealed under a white card and the examiner would look for shift of gaze

or head turn toward the visual stimuli, here the card with 5% contrast is shown.

Table 1. Expected visual milestones based on age [17,18].

Adjusted Age Milestone
8 weeks Recognizes human face
3 months Social smile and regards hands
5-6 months Goal directed reach, moves to reach, hands midline
7-10 months Recognizes facial expressions
12-18 month Putting objects into and out of a container, reaches for dangling object
18-24 months Scribbling

Statistical analysis was performed with Microsoft Excel (v2016, Microsoft Corp, Red-
mond, WA, USA) and JMP Pro (v15.0.0, SAS Institute Inc., Cary, NC, USA). Visual impair-
ment results were stratified by gestational age and other clinical characteristics to evaluate
for differences in occurrence of visual impairment based upon these characteristics. Due to
small cell sizes, statistical significance was assessed using the Fisher’s exact test.

3. Results

Of 242 completed pregnancies meeting USZPIR eligibility criteria in the USVI, 88 chil-
dren attended the ZHB, and complete charts were located for 81 (33.5%). Of the 81 children
included in this report, 48 (59.3%) were male, mean gestational age = 37.6 weeks (range:
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27.6-41.3), and mean birth weight = 2965 g (range: 755-3960) (Table 2). The adjusted age on
the date of examination during the ZHB was 9.1 months (range: 0.9-21.9). Fourteen (17.3%)
children had confirmed ZIKV infection and 5 (6.2%) had microcephaly at birth. Of 14 infants
with confirmed ZIKV infection, 1 (7.1%) had microcephaly. Developmental abnormalities
were present in 19/81 (23.5%) children evaluated where 18 (22.2%) were “at risk for devel-
opmental delay” and 5 (6.2%) had other neurodevelopmental abnormalities (Table 2).

Table 2. Baseline demographic and clinical information ?.

Characteristics of Children Included in This Report

Gender
Male, n (%) 48 (59.3)
Gestational age (weeks); n = 81
Mean (standard deviation (SD)) 37.6 (2.9)
Median (min, max) 38.4(27.6,41.3)
Preterm (Gestational age < 37 weeks) n (%) 21 (25.9)
Adjusted age at examination during ZHB (months); n = 81
Mean (SD) 9.1(4.7)
Median (min, max) 8.1(0.9,21.9)
Birth weight (grams); n = 67
Mean (SD) 2965 (693)
Median (min, max) 3120 (755-3960)
Clinical Findings, n (%)
Confirmed Zika virus infection in mother and/or infant P 14 (17.3)
Microcephaly at birth 5(6.2)
Developmental abnormalities ¢ 19 (23.5)
At risk for developmental delays (areas) 4 18 (22.2)
Fine motor 8(9.9)
Communication 7 (8.6)
Gross motor 6(7.4)
Problem solving 4(4.9)
Social-emotional 3(3.7)
Personal-social 3(3.7)
Other neurodevelopmental abnormalities © 5(6.2)
Abnormal tone 4(4.9)
Arthrogryposis 1(1.2)
Movement abnormality 1(1.2)
Seizures 1(1.2)

2 Among 81 children meeting the United States Zika Pregnancy and Infant Registry (USZPIR) eligibility criteria
who attended the Zika Health Brigade (ZHB) and charts could be located. USZPIR eligibility criteria included
children born between 1 December 2015 and 31 March 2018 in the United States Virgin Islands, to mothers
with confirmed or possible recent zika virus (ZIKV) infection as defined by (1) recent ZIKV infection detected
by Zika ribonucleic acid nucleic acid amplification test (NAAT) on any maternal, placental, fetal, or infant
specimen or (2) recent ZIKV or flavivirus infection detected by serologic tests of maternal, fetal, or infant
specimen [14]. b Confirmed ZIKV infection was defined as either: (1) positive NAAT or (2) positive or equivocal
Zika Immunoglobulin M testing and ZIKV plaque reduction neutralization test (PRNT) > 10 and dengue
PRNT < 10. € Developmental abnormalities were considered present if the child was either categorized during the
ZHB as “at risk for developmental delay” or found to have “other neurodevelopmental abnormalities”. Groups
are not mutually exclusive. d Based on results of screening using the Ages and Stages Questionnaire —3. ¢ Based
on physical examination by a pediatric neurologist.
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On ophthalmologic assessment during the ZHB, 2/81 (2.5%) children had a structural
ocular abnormality, one had microphthalmia and one had optic nerve cupping. No children
had a retinal abnormality. One child had abnormal ocular motility (1/80, 1.3%), one had
strabismus (1/78, 1.3%), and none had nystagmus. Intraocular pressure was not elevated in
any eyes tested (n = 158, range: 4-21 mmHg). Average spherical equivalent on cycloplegic
refraction was +0.73 diopters (D) (standard deviation (SD) = 1.37) in right and +0.75 D
(SD = 1.38) in left eyes (r = 0.99).

Overall, visual impairment was noted in 19 (26.4%) of 72 children who completed all
components of the visual function and visual development testing. The adjusted age on the
date of examination of these 19 children was 7.6 months (SD = 4.9; range: 1.7-16.7). Children
qualified as having visual impairment due to abnormal contrast testing in 18/75 (24.0%),
abnormal shift of gaze in 6/77 (7.8%), abnormal confrontational visual fields in 1/73 (1.4%),
abnormal accommodative reflex in 1/71 (1.4%), and abnormal visual milestones in 2/78
(2.6%) (Table 3). Among children who completed all components of the visual function and
visual development testing, visual impairment was noted among 6 (31.6%) of 19 children
born < 37 weeks gestational age, neither (0%) of the 2 children with a structural eye
abnormality, 1 (20.0%) of 5 children with microcephaly, 5 (31.3%) of 16 children at risk for
developmental delay, 2 (50.0%) of 4 children with other neurodevelopmental abnormalities,
5 (38.5%) of 13 children with confirmed ZIKV infection, and 13 (25.5%) of 51 children with
normal eye, neurologic, and developmental examination (Table 3).

Table 3. Proportion of children with visual impairment, overall and by gestational age and other clinical characteristics 2.

Other N Normal Eye,
. At Risk for er Neuro- . Neurologic,
Gestational Structural Eye s Confirmed ZIKV ’
Overall Y Microcephaly Developmental Developmental A and Develop-
Age <37 Weeks Abnormalities Delay © Abnormalities 4 Infection ‘mental
Exam
n=78 n=21 n=2 n=5 n=18 n=>5 n=14 n=>58
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
. . 19/72 6/19 0/2 1/5 5/16 2/4 5/13 13/51
Visual Impairment (26.4) (316) ©0.0) (20.0) (313) (0.0 (38.5) (255)
. Hiding Heidi 18/75 6/19 0/2 1/5 5/16 2/4 5/13 12/54
contrast testing (24.0) (31.6) (0.0) (20.0) (31.3) (50.0) (38.5) (22.2)
hift of 6/77 1/20 0/2 1/5 2/17 2/5 1/14 3/55
M Shift of gaze (7.8) (5.0) (0.0) (20.0) (11.8) (40.0) 7.1) (5.5)
Visual field 1/73 0/1 0/2 1/5 1/16 1/4 1/12 0/53
. isual fields 1.4) (0.0) (0.0) (20.0) (6.3) (25.0) (8.3) (0.0)
. Accommodative 1/71 0/18 0/2 1/5 1/15 1/4 1/13 0/52
reflex (1.4) (0.0) (0.0) (20.0) (6.7) (25.0) (7.7) (0.0)
isual mil 2/78 0/20 0/2 1/5 1/17 1/5 1/14 1/56
* Visual milestone (2.6) (0.0) (0.0) (20.0) (5.9) (20.0) (7.1) (1.8)

2 Among 81 children meeting the United States Zika Pregnancy and Infant Registry (USZPIR) eligibility criteria who attended the Zika
Health Brigade and charts could be located. USZPIR eligibility criteria included children born between 1 December 2015 and 31 March 2018
in the United States Virgin Islands, to mothers with confirmed or possible recent zika virus (ZIKV) infection as defined by (1) recent ZIKV
infection detected by Zika ribonucleic acid nucleic acid amplification test (NAAT) on any maternal, placental, fetal, or infant specimen
or (2) recent ZIKV or flavivirus infection detected by serologic tests of maternal, fetal, or infant specimen [14]. ® Of the 81 children,
3 children were unable to be tested. ¢ At risk for developmental delay defined as delay in fine motor, communication, gross motor, problem
solving, personal-social, and/or social-emotional domains based on results of screening using the Ages and Stages Questionnaire —3.
d Other neurodevelopmental abnormalities included abnormal tone and/or movement, seizures, and arthrogryposis based on physical
examination by a pediatric neurologist. ¢ Confirmed ZIKV infection was defined as either: (1) positive NAAT or 2) positive or equivocal
Zika Immunoglobulin M testing and ZIKV plaque reduction neutralization test (PRNT) > 10 and dengue PRNT < 10.

The proportion of children with visual impairment in those born preterm versus
full-term and with versus without structural eye anomalies, microcephaly, developmental
abnormalities, and/or confirmed ZIKV infection were not statistically significant between
groups (Table 4). Among children with normal examinations without evidence of micro-
cephaly, structural eye abnormalities, or neurodevelopmental abnormalities, 13/51 (25.5%)
had visual impairment (Table 3). Among children with visual impairment, 13/19 (68.4%)
had normal examinations without evidence of microcephaly, structural eye abnormalities,
or neurodevelopmental abnormalities.



Trop. Med. Infect. Dis. 2021, 6, 66

6 of 12

Table 4. Comparison of the proportion of children with visual impairment by gestational age and
other clinical characteristics 2.

Visual Impairment

1 (%) p-Value
Full-term versus preterm
Preterm (gestational age <37 week) 6/19 (31.6) 0.56
Full-term (gestational age >37 weeks) 13/53 (24.5)
Structural eye abnormalities
With 0/2(0.0) 10
Without 19/70 (27.1)
Microcephaly
With 1/5 (20.0) 10
Without 18/67 (26.9)
At risk for developmental delay P
With 5/16 (31.3) 075
Without 14/56 (25.0)
Other neurodevelopmental abnormalities ©
With 2/4 (50.0) 098
Without 17/68 (25.0)
Confirmed ZIKV infection 4
With 5/13 (38.5) 031
Without 14/59 (23.7)

2 Among 81 children meeting the United States Zika Pregnancy and Infant Registry (USZPIR) eligibility criteria
who attended the Zika Health Brigade and charts could be located. USZPIR eligibility criteria included children
born between 1 December 2015 and 31 March 2018 in the United States Virgin Islands, to mothers with confirmed
or possible recent zika virus (ZIKV) infection as defined by (1) recent ZIKV infection detected by Zika ribonucleic
acid nucleic acid amplification test (NAAT) on any maternal, placental, fetal, or infant specimen or (2) recent
ZIKV or flavivirus infection detected by serologic tests of maternal, fetal, or infant specimen [14]. P At risk for
developmental delay defined as delay in fine motor, communication, gross motor, problem solving, personal-
social, and/or social-emotional domains based on results of screening using the Ages and Stages Questionnaire
—3. ¢ Other neurodevelopmental abnormalities included abnormal tone and/or movement, seizures, and
arthrogryposis based on physical examination by a pediatric neurologist. 4 Confirmed ZIKV infection was
defined as either: (1) positive NAAT or 2) positive or equivocal Zika Immunoglobulin M testing and ZIKV plaque
reduction neutralization test (PRNT) > 10 and dengue PRNT < 10.

4. Discussion

Among children born in the USVI to women who met USZPIR eligibility criteria
of confirmed or possible recent ZIKV infection during pregnancy, were examined dur-
ing the ZHB, and had complete charts available for review, 2.5% had structural ocular
abnormalities and 26% had visual impairment.

Among children exposed to ZIKV infection antenatally, studies have reported a
broad array and prevalence of ophthalmic findings (e.g., structural ocular anomalies,
glaucoma, strabismus, nystagmus, visual impairment). Six studies reporting on visual
impairment in children affected by congenital ZIKV infection have all been published
from Brazil (Table 5) [5-8,11,12]. One study evaluating 32 infants (mean age = 5.7 months)
with neurologic or neuro-radiologic abnormalities with confirmed ZIKV infection (100%
had microcephaly) found a structural ophthalmic abnormality (retinal and/or optic nerve
abnormality) in 44% of children and visual impairment in 100% of eyes, due mainly to not
achieving visual milestones (97%), followed by abnormal Hiding Heidi testing (65%) [6].
A later study by the same authors evaluating 119 infants (mean age = 8.5 months) with
confirmed ZIKV infection found a high prevalence of microcephaly (89%), structural oph-
thalmic abnormalities (retinal abnormalities in 32%, optic nerve abnormalities in 27%),
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and visual impairment (90%), again due mainly to not achieving visual milestones (93%)
followed by abnormal Hiding Heidi testing (81%) [5]. Both previous studies noted that
among infants with a normal structural eye examination, >85% of subjects had abnormal
vision testing, thought to be secondary to cortical visual impairment as >89% of their study
population had microcephaly [5,6]. In another study, among 70 infants with microcephaly
due to presumed CZS, 26% had a structural ophthalmic abnormality (retinal and/or optic
nerve abnormality). Vision testing was performed in 11 children, and all (100%) were
abnormal, of which, 3 (27%) had no ophthalmic structural abnormality [7]. An additional
study evaluating 173 infants (3-6 months of age) with suspected ZIKV infection found 36%
had microcephaly, 2% an anterior segment abnormality, 26% a retinal and/or optic nerve
abnormality, and 30% abnormal visual function based on inability to fix and follow by
3-6 months of age [8]. These studies all reported a higher prevalence of structural, neuro-
logic, and visual abnormalities in infants affected by congenital ZIKV infection than in our
study. More recently, another group initially evaluated 47 infants (mean age = 6.5 months)
who were exposed to or infected by ZIKV antenatally and found 9% had microcephaly,
2% a retinal abnormality, and 11% with decreased vision by teller acuity testing (50% of
those with microcephaly, 100% of those with a retinal abnormality, 7% of infants without
microcephaly and/or retinal abnormalities, and 0% of infants exposed to ZIKV without
confirmation of infection) [11]. Then, among a subset of 75% (33/44) of these infants,
including 12% with microcephaly and 3% with a retinal abnormality, they reported that
over time, all children had normal visual development, except for 3% with decreased
visual acuity (i.e., one child with both microcephaly and chorioretinal scarring) [12]. In
our study, 6% had microcephaly at birth, 2.5% a structural ophthalmic abnormality, and
26% visual impairment, 95% due to abnormal Hiding Heidi testing. Stratifying visual
impairment by gestational age and other clinical characteristics to evaluate for differences
in occurrence based upon these characteristics we found that the percentage of those with
visual impairment was noted to be highest among those with other neurodevelopmental
abnormalities (50%); followed by those with confirmed ZIKV infection (38.5%); those born
preterm (31.6%); those at risk for developmental delay (31.3%); those with a normal eye,
neurologic, and developmental examination (25.5%); those with microcephaly (20.0%); and
neither (0%) of the children with a structural eye abnormality was noted to have visual
impairment. Despite these variances, we did not find a statistically significant difference
in the proportion of children with visual impairment among those born preterm versus
full-term and among those with versus without structural eye anomalies, microcephaly;,
developmental abnormalities, and/or confirmed ZIKV infection.

Table 5. Comparison of ocular findings and visual assessment among infants/children with suspected or confirmed
antenatal zika virus (ZIKV) infection previously reported and in this report.

Portnoi Baran

Zin et al. [8] Vercosa et al. [7] Ventura et al. [6] Ventura et al. [5] etal. [11] Lima et al. [12] Current Report
Year published 2018 2017 2017 2018 2019 2020
Infants with égéigfzgét(};r Children exposed
Infants with microcephaly due  neuro-radiologic Infalng; bo{n with (ihﬂd{er; e)t(pc(l)ifd toz(g(l\r;fsd?d by Infants/children
Subjects suspected ZIKV to presumed abnormalities aboralory 0 or intected by Vv during with suspected
) P p confirmed ZIKV ZIKV durin, estation with at
infection @ congenital zika with laboratory infection P tati Cg & least 2 ZIKV infection 4
syndrome confirmed ZIKV gestation cast 2 eye ¢
infection P examinations
Location Brazil Brazil Brazil Brazil Brazil Brazil USV1
n 173 70 32 119 47 33 81
Age (months) 3-6 (range) 37 (meaen, 5.7 (mean) 8.5 (mean) 6.5 (mean) NR 9.1 (mean)

n =25)
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Table 5. Cont.

Zin et al. [8]

Vercosa et al. [7]

Ventura et al. [6]

Ventura et al. [5]

Portnoi Baran
etal. [11]

Lima et al. [12]

Current Report

All findings listed below are by subject unless otherwise noted

Structural Eye

26% (45/173)

26% (18/70)

44% (14/32)

46% (104/227)

2.1% (1/47)

3.0% (1/33)

3% (2/81)

Abnormality of eyes
. Anterior
segment 2% (4/173) 0% (0/70) 0% (0/32) NR NR NR 1% (1/81)
abnormality
. Posterior
segment 26% (45/173) 26% (18/70) 44% (14/32) NR 2.1% (1/47) 3.0% (1/33) 1% (1/81)
abnormality
Retinal abnormality 19% (33/173) 26% (18/70) 28 (/iJS()/féi}),eS 32"/3 f(z% 334) 21% (1/47) 3.0% (1/33) 0% (0/81)
Optic nerve o o 17% of eyes 27% (63/235) o,
abnormality 22% (38/173) 14% (10/70) (11/68) of eyes NR NR 1% (1/81)
Microcephaly 36% (62/173) 100% (70/70) 100% (32/32) 89% (100/113) 8.5% (4/47) 12.1% (4/33) 6% (5/81)
. . . 90% (204 /227 .
Visual impairment 30% (52/173) © 100% (11/11) f 100% (32/32) & gf(eyes/h ) 10.6% (5/47) f 3.0% (1/33) f 26% (19/72)*
A“r‘n"i‘c‘rgotcg‘};fagﬂh 71% (44/62) 100% (11/11) 100% (32/32) NR 50.0% (2/4) 25.0% (1/4) 20% (1/5)
Among those with o
abnormal eye 84% (38/45) 100% (8/8) 100% (14/14) 96% (100/104) 100.0% (1/1) 100.0% (1/1) 0% (0/2)
structure 4
Among those with o
normal eye 11% (14/128) 100% (3/3) 100% (18/18) 85% (104/123) 8.7% (4/46) 0.0% (0/32) 27% (19,/70)
structure 4
Among those with 7.0% (3/43) 0% (0/29) among
normal eye among those those without
structure, without microcephal
neurologically 0% (0/87) not applicable not applicable NR microcephaly 4/ tp ¢ Y 1 26% (13/51)
normal, and no and/or structural an o (ﬂ‘ﬂi ;Erc\iélra
microcephaly or ophthalmic bp lid
nystagmus abnormalities abnormalities
ZZ&?}?{;E;‘;I Fix & Follow Teller acuity card Teller acuity card Teller acuity card Teller acuity card Teller acuity card NR
Abnormalities of the following:
73% (22/30) 90% (107/119)
Visual acuity o o of subjects of subjects o o
testing 30% (52/173) 100% (11/11) 78% (4760 90% (210,233) 10.6% (5/47) 3.0% (1/33) NR
of eyes of eyes
t\élsst‘ilr?; function NR NR 71% (22/31) NR NR NR 27% (19/72)
Accommodation NR NR 36% (5/14) NR NR NR 1% (1/71)
Hiding Heidi 5% o o, o
contrast testing NR NR 65% (20/31) 81% (87/107) NR NR 24% (18/75)
Shift of gaze NR NR 42% (13/31) NR NR NR 8% (6/77)
Visual field test NR NR NR 45% (41/91) NR NR 1% (1/73)
Visual
developmental NR NR 97% (30/31) 93% (100/108) NR NR 3% (2/78)
milestone
Strabismus 14% (24/173) 14% (10/70) 75% (24/32) 80% (95/119) NR NR 1% (1/78)
Nystagmus 16% (27/173) 9% (6/70) 28% (9/32) 45% (54/119) NR NR 0% (0/80)

NR, not reported; USVI, United States Virgin Islands. # Based on positive reverse transcription polymerase chain reaction (RT-PCR) testing
during pregnancy or infancy, prenatal ultrasound suspicious for ZIKV, or born with clinical manifestations of congenital ZIKV infection.
b Based on the antibody-capture enzyme-linked immunosorbent assay method on cerebrospinal fluid. ¢ Based on positive quantitative
reverse transcription PCR (RT-qPCR) from urine and/or blood samples from mothers during pregnancy or children with positive result
within 10 days of birth. Inconclusive RT-qPCR results were confirmed with ZIKV IgG and IgM serology. ¢ Based on recent ZIKV infection
detected by Zika ribonucleic acid nucleic acid test on any maternal, placental, fetal, or infant specimen or recent ZIKV or flavivirus
infection detected by serologic tests of maternal, fetal, or infant specimen. ¢ For 25 children with ocular abnormalities. { Extrapolated
based on abnormal visual acuity testing, the term “visual impairment” not defined in report. & Based on abnormal Teller Acuity Card
vision testing and/or abnormal visual function (Hiding Heidi contrast test, shift of gaze, light perception, response to the human face) or
visual developmental milestone testing. ! Based on abnormal Teller Acuity Card vision testing and /or abnormal visual function (Hiding
Heidi contrast test, shift of gaze, visual field test, accommodation, light perception, response to the human face) or visual developmental
milestone testing. ! Based on abnormal visual function (Hiding Heidi contrast test, shift of gaze, visual field test, and accommodation) or
visual developmental milestone testing.
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We believe the differences in numbers between previous studies and our report is
mainly due to differences in our inclusion criteria. Similar to the more recent publication
which included infants exposed to (but not confirmed to be infected by) ZIKV, we included
children at the more mild spectrum of disease, whereas the earlier studies included children
more severely affected by ZIKV infection [5-8], e.g., one study included only those with
microcephaly [7]. Unfortunately, the findings in the more recently published studies are
not directly comparable to ours as visual function was not measured using the same
metrics. In our study even among the children with microcephaly, only 20% had visual
impairment, versus 71-100% in earlier studies [6-8]. Additionally, the average age of those
examined in our report was older versus other studies [5-8]. Despite these differences, our
broader inclusion criteria are a strength of this report, allowing us to report the occurrence
of these findings within a population with a wider spectrum of disease (i.e., all cases
of laboratory-suspected ZIKV infections regardless of presence of Zika-associated birth
defects or neurodevelopmental abnormality).

Consistent with previous studies, we found that visual impairment can be present
in the setting of normal ocular structure [5-8]. Our study had a relatively low incidence
of structural ocular abnormalities, strabismus, or nystagmus, and among infants with a
normal ocular structure and neurodevelopmental examinations, 26% had visual impair-
ment. Most infants in our cohort (and previous studies) [5,6] were categorized as visually
impaired based on decreased contrast sensitivity testing (i.e., Hiding Heidi testing). Con-
trast sensitivity is a recommended part of a functional visual assessment [19] and is felt
to give useful information regarding the potential for a child to become a visual reader
and predict and explain their present and future performance [20]. While age-related
norms have been explored [20], there are no “normal values” of the Hiding Heidi test.
Thus, the results of this testing are qualitative. The value of this test is for evaluating for
difficulty in perception of low contrast facial features at the child’s usual communication
distances, since visual communication is critical during the first year of life. Thus, this test
provides valuable information for planning future interventions and helps teachers and
therapists understand the child’s requirements. We did not find a significant difference in
the occurrence of visual impairment between preterm versus full term infants, or infants
with or without structural eye abnormalities, microcephaly, risk for developmental delay,
other neurodevelopmental abnormalities, or confirmed ZIKV infection. Among those with
visual impairment, 68% did not have microcephaly, structural ocular abnormalities, or
neurodevelopmental abnormalities. We theorize that visual impairment in these infants
is likely due to cortical visual impairment based on the findings that the ZIKV directly
targets and damages human cortical neural progenitor cells, with specificity for the eye and
brain [21-24]. We feel that, similar to the wide spectrum of disease seen in those affected
by ZIKYV, there is likely a wide spectrum of damage to these neural progenitor cells, and
while there may not be structurally obvious changes, there may be subclinical damage to
the eye and the visual cortex that affects vision. This is supported by the fact that of the
14 infants with confirmed ZIKV infection in our cohort, only 1 (7.1%) had microcephaly.

This report has limitations. One limitation is that a majority (154/242, 63%) of the
total pregnancies from USVI in USZPIR did not attend the ZHB. Additionally, there is
limited data on the infants who did not attend; thus, we could not determine if our results
are generalizable to this population. The ZHB was performed in the aftermath of Hurri-
canes Irma and Maria, which had a significant impact on the USVI and may have limited
attendance at the ZHB due to logistical difficulties (e.g., inability to contact, transportation,
no longer living in the USVI) or socioeconomic strain. Moreover, natural disasters have
been associated with reduced fetal growth, mental health issues in the post-natal period in
both mothers and children, increased likelihood of acute illness, and decreased height and
weight development in children [25-28]. The effect these natural disasters may have had
on the development of these children and how they may have independently influenced
the findings of this report is unknown [16]. Furthermore, there is no control or comparison
group, and it is unclear if the findings of this report are more or less common than in
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the general population in the USVI. Comparisons made between our findings and previ-
ously published reports are limited by differences in subject inclusion criteria (e.g., CZS vs.
possible ZIKV infection), age at time of evaluation, and how visual impairment was evalu-
ated/defined. By defining visual impairment similarly to previous studies [5,6], we could
make some direct comparisons. Another limitation of our study was that during the ZHB,
children tended to have their ophthalmologic examination after extensive developmental
pediatric, neurologic, and audiologic examinations. Thus, visual function testing may
have been affected by fatigue and disinterest and would likely have overestimated visual
impairment. Additionally, there was limited neuroimaging among our cohort; thus, it is
possible that undetected brain abnormalities (e.g., mild brain findings like calcifications)
could account for visual impairment found in our cohort, but we were unable to explore
associations between the presence or absence of abnormal findings on neuroimaging and
visual impairment. Another limitation is that our report describes findings at one point
in time. There have been reports of manifestations of ZIKV infection that are not initially
noted at birth, e.g., postnatal microcephaly in children born with normal head circum-
ference [29]. Findings on ophthalmologic testing can also change over time, for example,
change in visual acuity/function assessment can vary between examinations due to subject
mood/cooperation, the presence of delayed visual maturation (i.e., abnormal visual func-
tion testing in a child with otherwise normal ocular and neurologic examination which by
definition will resolve over time and visual function will normalize), and some ophthalmic
manifestations (e.g., retinal findings) can evolve or change over time. One study noted that
among children infected with ZIKV, development of visual acuity may be slowed even in
the absence of microcephaly [11]. Thus, repeat examinations would help reveal the true
prevalence and incidence of ophthalmic manifestations and visual impairment.

It is important to continue expanding our knowledge of the ocular and visual effects
of antenatal ZIKV infection during pregnancy. While there have been multiple reports
describing the ophthalmic and visual findings in children severely affected by antenatal
ZIKV infection [5-8], less has been reported on infants with the milder spectrum of con-
genital ZIKV infection [11,12]. We found that despite a low prevalence of structural ocular
disease and microcephaly in our cohort, about a quarter of children had visual impairment.
Furthermore, many of the children with visual impairment did not have a structural eye
abnormality, microcephaly, or developmental abnormality. Careful monitoring, evaluation,
and follow-up of children with congenital ZIKV infection is essential in early identification
and appropriate referral for health services. As many of the methods used to evaluate for
visual impairment in this study were qualitative in nature, it will be important to use more
quantitative tests of visual function (e.g., visual acuity testing by optotypes) as this cohort
of children becomes older and is able to perform these tests. This report further supports
current recommendations that ophthalmological testing be performed in all children with
suspicion for antenatal ZIKV infection, even in those with a normal ocular structure and
neurologic examination [30].

Author Contributions: Conceptualization, S.G.P, L.B., BH., N.F. and EM.E; data acquisition: S.G.P,,
LL,DL,NK,RDH,BH,LdW,CH,N.E,SG.-C, MRR. and EM.E; formal analysis, S.G.P,
L.B., S.G.-C. and M.R.R; writing—original draft preparation, L.B.; writing—review and editing,
S.G.P,N.F,S.G.-C, M.R.R. and EM.E. All authors have read and agreed to the published version of
the manuscript.

Funding: Pediatric specialty providers, CDC, and partner organizations contributed equipment.
CDC provided financial support through a cooperative agreement and contractual support.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and was approved by the Institutional Review Board of Duke University
Health System (Protocol ID: Pro00100578, approved 29 September 2018).

Informed Consent Statement: Patient consent was waived due to the inability to contact and consent
patients due to their remote location.



Trop. Med. Infect. Dis. 2021, 6, 66 11 of 12

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to patient privacy.

Conflicts of Interest: The authors declare no conflict of interest. The findings and conclusions in this
report are those of the authors and do not necessarily represent the official position of the Centers for
Disease Control and Prevention.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Igbinosa, L.1; Rabe, 1.B.; Oduyebo, T.; Rasmussen, S.A. Zika Virus: Common Questions and Answers. Am. Fam. Physician 2017,
95, 507-513.

Petersen, L.R.; Jamieson, D.]J.; Powers, A.M.; Honein, M.A. Zika Virus. N. Engl. ]. Med. 2016, 374, 1552-1563. [CrossRef]

Moore, C.A; Staples, J.E.; Dobyns, W.B.; Pessoa, A.; Ventura, C.V.; Fonseca, E.B.; Ribeiro, E.M.; Ventura, L.O.; Neto, N.N.; Arena,
J.E; et al. Characterizing the Pattern of Anomalies in Congenital Zika Syndrome for Pediatric Clinicians. JAMA Pediatr. 2017, 171,
288-295. [CrossRef]

World Health Organization (WHO). Zika Virus. Key Facts. Available online: https:/ /www.who.int/news-room/fact-sheets/
detail /zika-virus (accessed on 8 March 2018).

Ventura, L.O.; Ventura, C.V.; Dias, N.C,; Vilar, I.G.; Gois, A.L.; Arantes, T.E.; Fernandes, L.C.; Chiang, M.E; Miller, M.T.; Lawrence,
L. Visual impairment evaluation in 119 children with congenital Zika syndrome. J. AAPOS 2018, 22, 218-222.el. [CrossRef]
Ventura, L.O.; Ventura, C.V.; Lawrence, L.; van der Linden, V.; van der Linden, A.; Gois, A.L.; Cavalcanti, M.M.; Barros,
E.A.; Dias, N.C.; Berrocal, A.M.; et al. Visual impairment in children with congenital Zika syndrome. J. AAPOS 2017, 21,
295-299.e2. [CrossRef]

Vercosa, I.; Carneiro, P; Vercosa, R.; Girao, R.; Ribeiro, E.M.; Pessoa, A.; Almeida, N.G.; Vercosa, P.; Tartarella, M.B. The visual
system in infants with microcephaly related to presumed congenital Zika syndrome. |. AAPOS 2017, 21, 300-304.e1. [CrossRef]
Zin, A.A.; Tsui, I.; Rossetto, ].D.; Gaw, S.L.; Neves, L.M.; Zin, O.A.; Haefeli, L.; Barros Silveira Filho, J.C.; Adachi, K.; Vini-
cius da Silva Pone, M.; et al. Visual function in infants with antenatal Zika virus exposure. |. AAPOS 2018, 22, 452-456.e1.
[CrossRef] [PubMed]

Miranda, H.A.; Costa, M.C.; Frazao, M.A.M.; Simao, N.; Franchischini, S.; Moshfeghi, D.M. Expanded Spectrum of Congenital
Ocular Findings in Microcephaly with Presumed Zika Infection. Ophthalmology 2016, 123, 1788-1794. [CrossRef] [PubMed]
Ventura, C.V.; Maia, M.; Travassos, S.B.; Martins, T.T.; Patriota, F.; Nunes, M.E.; Agra, C.; Torres, V.L.; van der Linden, V,;
Ramos, R.C.; et al. Risk Factors Associated With the Ophthalmoscopic Findings Identified in Infants With Presumed Zika Virus
Congenital Infection. JAMA Ophthalmol. 2016, 134, 912-918. [CrossRef] [PubMed]

Portnoi Baran, L.C.; Fernades da Costa, M.; Summer Vidal, K.; Damico, EM.; Telles Salgueiro Barboni, M.; da Silva Lima, D.; de
Cassia Rodrigues de Matos Franca, V.; Gomes Martins, C.M.; Segundo Tabares, H.; Leonardo Dias, S.; et al. Alterations in visual
acuity and visual development in infants 1-24 months old either exposed to or infected by Zika virus during gestation, with and
without microcephaly. ]. AAPOS 2019, 23, 215.e1-215.e€7. [CrossRef] [PubMed]

Lima, D.D.S.; Baran, L.C.P.,; Hamer, R.D.; Costa, M.E.D.; Vidal, K.S.; Damico, FM.; Barboni, M.T.S.; Franca, V.C.R.M.; Martins,
C.M.G.; Tabares, H.S,; et al. Longitudinal visual acuity development in ZIKV-exposed children. ]. AAPOS 2020, 24, 23.e1-23.e6.
[CrossRef] [PubMed]

De Oliveira Dias, J.R.; Ventura, C.V,; de Paula Freitas, B.; Prazeres, J.; Ventura, L.O.; Bravo-Filho, V.; Aleman, T.; Ko, A.L,; Zin, A.;
Belfort, R; et al. Zika and the Eye: Pieces of a Puzzle. Prog. Retin. Eye Res. 2018, 66, 85-106. [CrossRef] [PubMed]
Shapiro-Mendoza, C.K.; Rice, M.E.; Galang, R.R.; Fulton, A.C.; VanMaldeghem, K.; Prado, M.V; Ellis, E.; Anesi, M.S.; Simeone,
R.M.; Petersen, E.E.; et al. Pregnancy Outcomes After Maternal Zika Virus Infection During Pregnancy—U.S. Territories, January
1, 2016-April 25, 2017. MMWR Morb. Mortal. Wkly. Rep. 2017, 66, 615-621. [CrossRef] [PubMed]

Rice, M.E.; Galang, R.R.; Roth, N.M.; Ellington, S.R.; Moore, C.A.; Valencia-Prado, M.; Ellis, EM.; Tufa, A.J.; Taulung, L.A.;
Alfred, ] M.; et al. Vital Signs: Zika-Associated Birth Defects and Neurodevelopmental Abnormalities Possibly Associated with
Congenital Zika Virus Infection-U.S. Territories and Freely Associated States, 2018. MMWR Morb. Mortal. Wkly. Rep. 2018, 67,
858-867. [CrossRef] [PubMed]

Hillman, B.; Petersen, D.N.; Galang, R.R.; Godfred-Cato, S.; Mayers, C.; Thomas, Y.; Prosper, A.; Hawley, J.; Halbert, M.; Noe,
M.; et al. 2018 U.S. Virgin Islands Zika health brigade: Providing recommended pediatric health screenings for infants born to
mothers with laboratory evidence of Zika virus exposure during pregnancy. Birth Defects Res. 2019, 111, 360-362. [CrossRef]
Shelov, S.P; Altmann, T.R.; Hannemann, R.E. Caring for Your Baby and Young Child: Birth to Age 5; Bantam Books: New York, NY,
USA, 2014.

Hyvarinen, L.; Walthes, R.; Jacob, N.; Lawrence, L.; Chaplin, PK.N. Delayed Visual Development: Development of Vision and
Visual Delays. Available online: https:/ /www.aao.org/pediatric-center-detail /delayed-visual-development-development-of-
vision-v (accessed on 17 February 2020).

Hyvérinen, L. Considerations in evaluation and treatment of the child with low vision. Am. ]. Occup. Ther. 1995, 49,
891-897. [CrossRef]

Leat, S.J.; Wegmann, D. Clinical testing of contrast sensitivity in children: Age-related norms and validity. Optom. Vis. Sci. 2004,
81,245-254. [CrossRef]


http://doi.org/10.1056/NEJMra1602113
http://doi.org/10.1001/jamapediatrics.2016.3982
https://www.who.int/news-room/fact-sheets/detail/zika-virus
https://www.who.int/news-room/fact-sheets/detail/zika-virus
http://doi.org/10.1016/j.jaapos.2018.01.009
http://doi.org/10.1016/j.jaapos.2017.04.003
http://doi.org/10.1016/j.jaapos.2017.05.024
http://doi.org/10.1016/j.jaapos.2018.07.352
http://www.ncbi.nlm.nih.gov/pubmed/30359768
http://doi.org/10.1016/j.ophtha.2016.05.001
http://www.ncbi.nlm.nih.gov/pubmed/27236271
http://doi.org/10.1001/jamaophthalmol.2016.1784
http://www.ncbi.nlm.nih.gov/pubmed/27228275
http://doi.org/10.1016/j.jaapos.2019.03.005
http://www.ncbi.nlm.nih.gov/pubmed/31229606
http://doi.org/10.1016/j.jaapos.2019.11.005
http://www.ncbi.nlm.nih.gov/pubmed/31926367
http://doi.org/10.1016/j.preteyeres.2018.04.004
http://www.ncbi.nlm.nih.gov/pubmed/29698814
http://doi.org/10.15585/mmwr.mm6623e1
http://www.ncbi.nlm.nih.gov/pubmed/28617773
http://doi.org/10.15585/mmwr.mm6731e1
http://www.ncbi.nlm.nih.gov/pubmed/30091967
http://doi.org/10.1002/bdr2.1486
https://www.aao.org/pediatric-center-detail/delayed-visual-development-development-of-vision-v
https://www.aao.org/pediatric-center-detail/delayed-visual-development-development-of-vision-v
http://doi.org/10.5014/ajot.49.9.891
http://doi.org/10.1097/00006324-200404000-00010

Trop. Med. Infect. Dis. 2021, 6, 66 12 of 12

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Tang, H.; Hammack, C.; Ogden, S.C.; Wen, Z.; Qian, X.; Li, Y,; Yao, B.; Shin, ]J.; Zhang, F.; Lee, EM.; et al. Zika Virus Infects
Human Cortical Neural Progenitors and Attenuates Their Growth. Cell Stem Cell 2016, 18, 587-590. [CrossRef]

Brault, ].B.; Khou, C.; Basset, J.; Coquand, L.; Fraisier, V.; Frenkiel, M.P.; Goud, B.; Manuguerra, ].C.; Pardigon, N.; Baffet, A.D.
Comparative Analysis Between Flaviviruses Reveals Specific Neural Stem Cell Tropism for Zika Virus in the Mouse Developing
Neocortex. EBioMedicine 2016, 10, 71-76. [CrossRef]

Fernandez, M.P; Parra Saad, E.; Ospina Martinez, M.; Corchuelo, S.; Mercado Reyes, M.; Herrera, M.].; Parra Saavedra, M.; Rico,
A.; Fernandez, A.M; Lee, RK.; et al. Ocular Histopathologic Features of Congenital Zika Syndrome. JAMA Ophthalmol. 2017, 135,
1163-1169. [CrossRef]

Van den Pol, A.N.; Mao, G.; Yang, Y.; Ornaghi, S.; Davis, ].N. Zika Virus Targeting in the Developing Brain. ]. Neurosci. 2017, 37,
2161-2175. [CrossRef] [PubMed]

Xiong, X.; Harville, EW.; Mattison, D.R.; Elkind-Hirsch, K.; Pridjian, G.; Buekens, P. Exposure to Hurricane Katrina, post-traumatic
stress disorder and birth outcomes. Am. |. Med. Sci. 2008, 336, 111-115. [CrossRef] [PubMed]

Harville, E.; Xiong, X.; Buekens, P. Disasters and perinatal health:a systematic review. Obstet. Gynecol. Surv. 2010, 65, 713-728.
[CrossRef] [PubMed]

Torche, E. The effect of maternal stress on birth outcomes: Exploiting a natural experiment. Demography 2011, 48, 1473-1491.
[CrossRef] [PubMed]

Palmeiro-Silva, Y.K.; Orellana, P.; Venegas, P.; Monteiro, L.; Varas-Godoy, M.; Norwitz, E.; Rice, G.; Osorio, E.; Illanes, S.E. Effects
of earthquake on perinatal outcomes: A Chilean register-based study. PLoS ONE 2018, 13, e0191340. [CrossRef]

Van der Linden, V.; Pessoa, A.; Dobyns, W.; Barkovich, A.J.; Janior, H.V,; Filho, E.L.; Ribeiro, E.M.; Leal, M.C.; Coimbra, P.P;
Aragao, MLF; et al. Description of 13 Infants Born During October 2015-January 2016 with Congenital Zika Virus Infection
Without Microcephaly at Birth-Brazil. MMWR Morb. Mortal. Wkly. Rep. 2016, 65, 1343-1348. [CrossRef] [PubMed]

Adebanjo, T.; Godfred-Cato, S.; Viens, L.; Fischer, M.; Staples, J.E.; Kuhnert-Tallman, W.; Walke, H.; Oduyebo, T.; Polen, K;
Peacock, G.; et al. Update: Interim Guidance for the Diagnosis, Evaluation, and Management of Infants with Possible Congenital
Zika Virus Infection-United States, October 2017. MMWR Morb. Mortal. Wkly. Rep. 2017, 66, 1089-1099. [CrossRef]


http://doi.org/10.1016/j.stem.2016.02.016
http://doi.org/10.1016/j.ebiom.2016.07.018
http://doi.org/10.1001/jamaophthalmol.2017.3595
http://doi.org/10.1523/JNEUROSCI.3124-16.2017
http://www.ncbi.nlm.nih.gov/pubmed/28123079
http://doi.org/10.1097/MAJ.0b013e318180f21c
http://www.ncbi.nlm.nih.gov/pubmed/18703903
http://doi.org/10.1097/OGX.0b013e31820eddbe
http://www.ncbi.nlm.nih.gov/pubmed/21375788
http://doi.org/10.1007/s13524-011-0054-z
http://www.ncbi.nlm.nih.gov/pubmed/21870187
http://doi.org/10.1371/journal.pone.0191340
http://doi.org/10.15585/mmwr.mm6547e2
http://www.ncbi.nlm.nih.gov/pubmed/27906905
http://doi.org/10.15585/mmwr.mm6641a1

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

