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Ocular Findings in Infants With Microcephaly

Associated With Presumed Zika Virus Congenital Infection
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IMPORTANCE The Zika virus (ZIKV) has rapidly reached epidemic proportions, especially in
northeastern Brazil, and has rapidly spread to other parts of the Americas. A recent increase
in the prevalence of microcephaly in newborn infants and vision-threatening findings in these
infants is likely associated with the rapid spread of ZIKV.

OBJECTIVE To evaluate the ocular findings in infants with microcephaly associated with
presumed intrauterine ZIKV infection in Salvador, Bahia, Brazil.

DESIGN, SETTING, AND PARTICIPANTS Case series at a tertiary hospital. Twenty-nine infants
with microcephaly (defined by a cephalic circumference of =32 cm) with a presumed
diagnosis of congenital ZIKV were recruited through an active search and referrals from other
hospitals and health unities. The study was conducted between December 1and December
21, 2015.

INTERVENTIONS Allinfants and mothers underwent systemic and ophthalmic examinations
from December 1through December 21, 2015, in the Roberto Santos General Hospital,
Salvador, Brazil. Anterior segment and retinal, choroidal, and optic nerve abnormalities were
documented using a wide-field digital imaging system. The differential diagnosis included
toxoplasmosis, rubella, cytomegalovirus, herpes simplex virus, syphilis, and human
immunodeficiency virus, which were ruled out through serologic and clinical examinations.

MAIN OUTCOMES AND MEASURES Ocular abnormalities associated with ZIKV.

RESULTS Twenty-three of 29 mothers (79.3%) reported suspected ZIKV infection signs and
symptoms during pregnancy, 18 in the first trimester, 4 in the second trimester, and 1in the
third trimester. Of the 29 infants (58 eyes) examined (18 [62.1%] female), ocular
abnormalities were present in 17 eyes (29.3%) of 10 children (34.5%). Bilateral findings were
found in 7 of 10 patients presenting with ocular lesions, the most common of which were
focal pigment mottling of the retina and chorioretinal atrophy in 11 of the 17 eyes with
abnormalities (64.7%), followed by optic nerve abnormalities in 8 eyes (47.1%), bilateral iris
colobomain 1 patient (2 eyes [11.8%]), and lens subluxation in 1eye (5.9%

CONCLUSIONS AND RELEVANCE Congenital infection due to presumed ZIKV exposure is

associated with vision-threatening findings, which include bilateral macular and perimacular
lesions as well as optic nerve abnormalities in most cases.
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he Zika virus (ZIKV) is an arbovirus that carries the name

of a forest near Kampala, Uganda. The virus was first iden-

tified in rhesus monkeys in 1947 through a sylvatic yellow
fever surveillance network in Uganda' and was further isolated
in humans in Uganda and Tanzania in 1952.2 The transmission
is mostly vectorial by mosquitoes from the Culicidae family and
the Aedes genus, especially Aedes aegypti (urban transmission).
The virus usually is transmitted to hematophagous arthropods
during their blood meal and reproduces in the host vector with-
out affecting it, remaining in the insect during its entire life span.
The virusis transmitted to reservoir animals during the next blood
meal. Direct interhuman transmission, most likely by sexual in-
tercourse, also has been described,* and perinatal transmission
of arbovirus has been reported for dengue virus (DENV),>® chi-
kungunya virus,®1° West Nile virus (WNV),"! and yellow fever
virus.!? Both DENV® and West Nile virus reportedly have been
transmitted in breast milk.® There is also some evidence of peri-
natal and breast milk transmission of ZIKV.!#41>

Few human cases were reported until 2007, when a ZIKV
outbreak occurred in Yap, Micronesia, even though ZIKV ac-
tivity had been reported in Africa and Asia through virologic
surveillance and entomologic studies.' At the beginning of
2015, several cases of DENV and chikungunya virus infec-
tions were reported in Brazil.'® The number of cases of ZIKV
reported in Brazil is uncertain because of problems in detec-
tion without the commercial availability of a serologic test.

In addition, the signs and symptoms in patients infected
with the 3 distinct viruses, ie, DENV, chikungunya virus, and
ZIKYV, are similar. Moreover, it was estimated that 80% of pa-
tients with ZIKV infection are asymptomatic or oligosymp-
tomatic. Finally, ZIKV infection occurs in demographic areas
in which A aegyptiis endemic and where the mosquito is the
biological vector of the 3 distinct viral diseases, and coinfec-
tion with these viruses is not uncommon.”

Transmission to the Americas appears to have originated in
the Pacific Islands.'® The Brazilian state of Bahia was the first to
identify cases in Brazil, although the state of Pernambuco has a
larger number of notifications.'® By December 10, 2015, ZIKV had
spread to 18 other Brazilian states and rapidly became an epi-
demic, especially in northeastern Brazil.2%-?! Circulating ZIKV in
Brazil was identified as an Asian genotype through phyloge-
netic analyses of the envelope region in the 2 cases from Bahia.'®

The only method to diagnose ZIKV infection is by real-time
polymerase chain reaction, which is useful to detect the virus only
inthe first days of an acute infection. Real-time polymerase chain
reaction is not helpful for confirming the infection in infants.
Therefore, for now, ZIKV-related microcephaly is diagnosed
clinically.?22> The frequency of cross-reactions with other flavi-
viruses (DENYV, yellow fever virus) may make diagnosis difficult.

Since April 2015, an epidemic of ZIKV has been occurring in
Brazil. It is estimated that more than 1 million Brazilians have had
ZIKV infections in 2015, reflecting the virus’ capacity to cause
large-scale outbreaks where the biological vector is present.?>-26
Six months after the onset of the ZIKV outbreak in Brazil, there
was an unusual increase in newborns with microcephaly. In 2015,
1248 new suspected cases were registered, corresponding to a
prevalence of 99.7 per 100 000 live births and representing a 20-
fold increase compared with recent years.2” On January 4, 2016,
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Key Points

Question: Are there ocular abnormalities in infants with microcephaly
associated with presumed Zika virus congenital infection in Brazil?
Findings: Congenital infection due to presumed Zika virus expo-
sure was associated with vision-threatening findings; the majority
of cases had bilateral macular and perimacular lesions as well as
optic nerve abnormalities.

Meaning: These data suggest that clinicians should consider oph-
thalmologic evaluations of newborns from regions in the Americas
where Zika virus transmission has spread rapidly to identify lesions
associated with this presumed Zika virus congenital infection.

the Brazilian Ministry of Health reported 3174 microcephalic new-
borns, the majority of whom were in Pernambuco and almost all
in northeastern Brazil.?®

The recent increase in the prevalence of microcephaly in
several northeastern Brazilian states has been strongly sus-
pected of being associated with ZIKV congenital infection, with
the virus found in the amniotic fluid of 2 pregnant women whose
newborns presented with areduced head circumference.?® This
serious effect of the ZIKV infection in fetuses is unsurprising con-
sidering the perinatal transmission reported for 2 women from
French Polynesia and the strong neurotropism of the virus.>!*
In January 2016, Ventura et al*° published the first report of pos-
sible congenital ocular lesions in 3 infants from Recife, Pernam-
buco, Brazil. Recife is experiencing an outbreak of ZIKV infec-
tion as well as an increase in the number of newborns with
microcephaly. The cases reported by Ventura and colleagues do
not compose this case series.

The aim of this study was to describe the ocular findings
in 29 infants with microcephaly from mothers presumably in-
fected with ZIKV during pregnancy, during an outbreak in Sal-
vador, Bahia, Brazil.

Methods

Study Site

This study was conducted between December 1 and December
21, 2015. All children and their mothers were evaluated at the Ro-
berto Santos General Hospital, Salvador, Brazil, a tertiary care hos-
pital. Ophthalmologists who are experts in medical/surgical retina,
uveitis, and neuro-ophthalmology evaluated the patients.

Thirty-one infants with microcephaly due to a possible ZIKV
congenital infection and their mothers were referred for ophthal-
mologic evaluation from other hospitals and health unities.

In December 2015, the Brazilian Ministry of Health re-
vised the definition for microcephaly in newborn term in-
fants. The head circumference criterion was reduced from a
threshold of 33 cm or less to 32 cm or less,>! which was the cri-
terion used in this study.

A direct parent (mother or father) provided written in-
formed consent. The Ethics Committee of the Federal Univer-
sity of Sao Paulo previously approved the study protocol, which
followed the tenets of the Declaration of Helsinki.>?

A detailed clinical history was obtained, including the pre-
natal and postnatal history and maternal systemic history.
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Figure 1. Fundus Photographs of a 2-Month-OlId Girl

@ Right eye Left eye

The right eye has granular,
pigmentary mottling in the macula
(A), and the left eye has a
chorioretinal lobulated atrophic
lesion and slight pigmentary
mottling (B).

Figure 2. Fundus Photographs of a 1-Month-Old Boy

E Right eye Left eye

The right (A) and left (B) eyes have
paramacular superotemporal round
chorioretinal atrophy surrounded by
a hyperpigmented halo and
hyperpigmented mottling.

Patients
Inclusion Criteria of the Mothers and Infants
Infants with a cephalic circumference of 32 cm or less at birth
were included. Other congenital infections included in the dif-
ferential diagnosis were toxoplasmosis, rubella, cytomegalo-
virus, herpes simplex virus, syphilis, and human immunode-
ficiency virus (HIV), which were ruled out through serologic
examinations. In all cases, the specific tests performed were
part of the routine screening and also included serology in the
mothers. All of the cases had negative serology results for
syphilis and HIV. None presented with high titers of IgG anti-
bodies or the presence of IgM antibodies specific to toxoplas-
mosis, cytomegalovirus, herpes simplex virus, or rubella.
The suspected diagnosis of congenital ZIKV was also based
on clinical features of the mothers during pregnancy, includ-
ing cutaneous rash, fever, arthralgia, headache, itch, and
malaise.

Exclusion Criteria of the Infants

Newborn infants were excluded if they had a cephalic diam-
eter that exceeded 33 cm, evidence for another congenital in-
fection such as toxoplasmosis, rubella, cytomegalovirus, her-
pes simplex virus, or HIV, or a familial history of microcephaly,
orif the mother had a history of alcohol or illicit drug use dur-
ing pregnancy.

jamaophthalmology.com

Ocular Examination
All mothers underwent an external ocular examination, biomi-
croscopy, and dilated indirect ophthalmoscopy. All infants un-
derwent an ocular external examination and indirect ophthal-
moscopy. Optic nerve, retinal, and choroidal abnormalities were
documented with a wide-field digital imaging system (RetCam
Shuttle; Clarity Medical Systems) after pupillary dilation.
Owing to the small number of patients included in this case
series, a descriptive report was conducted and no statistical
analysis was performed.

.|
Results

Thirty-one infants aged 1 to 6 months had a confirmed diag-
nosis of microcephaly. Two patients were excluded from the
study owing to impossibility of evaluating the results of their
serology tests for other infections, as they did not return for
blood collection.

Of'the 29 children, 18 (62.1%) were female. Twenty-three of
the 29 mothers (79.3%) had ZIKV signs and symptoms during
pregnancy, which included cutaneous rash (21 of 29 mothers
[72.4%]), fever (13 mothers [44.8%]), arthralgia (11 mothers
[37.9%]), headache (5 mothers [17.2%]), and itch (4 mothers
[13.8%]). Allmothers denied signs or symptoms of conjunctivitis.
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Figure 3. Fundus Photographs of a 1-Month-OlId Infant

@ Right eye Left eye

The right eye has an enlarged
cup-disc ratio and macular
pigmentary mottling (A), and the left
eye has a roundish macular
chorioretinal atrophic lesion with a
hyperpigmented halo

and pigmentary mottling, as well as
an enlarged cup-disc ratio

of the optic nerve.

Figure 4. Fundus Photographs of a 1-Month-Old Infant

E Right eye Left eye

The right eye has a superotemporal
perimacular chorioretinal scar

with perilesional pigmentary
mottling (A), and the left eye has
similar findings (B).

Figure 5. Fundus Photographs of a 20-Day-Old Infant

@ Right eye Left eye

The right eye has optic disc
hypoplasia, peripapillary nasal
atrophy, and an excavated nasal
round lesion with a hyperpigmented
halo, with a colobomatous-like aspect
(A), and the left eye has optic disc
hypoplasia, peripapillary nasal
atrophy, and a retinal nasal lesion
with a similar pattern (B).

Among 23 mothers who reported symptoms during pregnancy,
18 (78.3%) reported ZIKV symptoms during the first trimester of
pregnancy, 4 (17.4%) during second trimester, and 1 (4.3%) dur-
ing the third trimester. No mothers had signs of active or previ-
ous uveitis and all had normal findings on ocular examination.

Ocular abnormalities were observed in 10 of the 29 pa-
tients with microcephaly (34.5%) who were examined. Seven-
teen of 20 eyes (85.0%) in 10 children had ophthalmoscopic ab-
normalities. Bilateral findings were found in 7 of 10 patients
(70.0%) presenting with ocular lesions, the most common of

JAMA Ophthalmology Published online February 9, 2016

which were focal pigment mottling and chorioretinal atrophy in
11 of the 17 eyes with abnormalities (64.7%) (Figure 1, Figure 2,
Figure 3, and Figure 4). Severe chorioretinal atrophy also was
observed and involved the macula in 3 eyes (Figure 1B and
Figure 3A), the nasal retina in 3 eyes (Figure 5), and the para-
macular areain 5 eyes (Figure 2 and Figure 3B). Two distinct com-
ponents were observed: (1) circumscribed areas of chorioreti-
nal atrophy, which in some areas had no choroidal vessels visible
atall (Figure 1B, Figure 2, Figure 3B, Figure 4, and Figure 5); and
(2) circumscribed areas of pigmentary clumping (Figure 2,
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Table. Ocular Findings in Infants With Microcephaly and Presumed Zika Virus Congenital Infection

Patient No. Affected Eyes,
Ocular Finding 1 2 3 4 5 6 7 8 9 10 No. (%) (n = 17)
Focal pigment mottling ou oD ou No ou oD No ou 0S No 11 (64.7)
Chorioretinal atrophy ou 0S ou ou 0S No 0S ou No No 11 (64.7)
Optic nerve abnormalities ou No No ou ou No No No No ou 8 (47.1)
Iris coloboma No No No No No ou No No No No 2(11.8)
Lens subluxation No No No No No 0S No No No No 1(5.9)
Signs of active uveitis No No No No No No No No No No 0
Vasculitis No No No No No No No No No No 0

Abbreviations: OD, right eye; OS, left eye; OU, each eye.

Figure 3B, and Figure 4). Some patients had chorioretinal atro-
phy surrounded by a hyperpigmented halo and also showed the
hyperpigmented mottling (Figure 2, Figure 3B, and Figure 4).

Other ocular findings included optic nerve abnormalities
in 8 eyes (47.1%; 2 cases of hypoplasia and 6 cases of severe
optic disc cupping), lens subluxation in 1 eye (5.9%), and bi-
lateral iris coloboma (2 eyes [11.8%]) in the same patient with
lens subluxation. Data are summarized in the Table. No in-
fants had vasculitis or active uveitis.

|
Discussion

Findings from this case series demonstrate that 10 of 29 in-
fants (34.5%) born with presumed ZIKV-associated micro-
cephaly have vision-threatening lesions. In 2015, Salvador, Ba-
hia, and several other cities in northeastern Brazil had an
unprecedented ZIKV outbreak. This virus became a major pub-
lic health problem in a short period owing to its association with
severe neurologic malformations such as microcephaly and
possibly related ocular diseases in newborn infants.'*-28

Because the rate of ocular abnormalities is very high in this
age group and the retinal lesions differ from other congenital
infections described previously in the literature, we hypoth-
esized that a cause and effect relationship between ZIKV in-
fection and ocular abnormalities was possible.

The ocular lesions consisted of focal pigment mottling and
chorioretinal atrophy with a predilection for the posterior pole,
especially the macular area, as well as optic disc abnormali-
ties. No signs of active uveitis or vasculitis were observed.

The current data suggest the possibility that even oligo-
symptomatic or asymptomatic pregnant patients presum-
ably infected with ZIKV may have microcephalic newborns
with ophthalmoscopic lesions. An important question is
whether patients without microcephaly will need to be
screened to identify these ocular lesions.

Our study has limitations including generalizability of our
findings (because it was conducted at 1 hospital), a small sample,
and a lack of prior research studies on the topic. The conve-
nience sample and lack of statistical analysis do not allow us to
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affirm whether percentages or findings are unique to these data
or could be generalizable to presumed ZIKV infection.

The growing number of cases, rapid disease dissemina-
tion, and epidemic pattern observed in Brazil may indicate the
risk of a new pandemic disease throughout the Americas, es-
pecially given that the biological vector A aegyptiis endemic
in Latin America, the Caribbean, and some regions in the United
States, where cases have already been reported.?>26-33 These
regions where the virus is spreading can likely experience an
outbreak with the same types of birth defects including the
ophthalmologic lesions observed in this study.

Unlike the findings by Duffy et al** reported in 2009, the
current study did not identify conjunctivitis as a frequent find-
ingin ZIKV infection. No mothers reported conjunctivitis dur-
ing pregnancy when specifically asked about it. Our findings
suggest that conjunctivitis may not be an important clinical
finding in the differential diagnosis of ZIKV.

. |
Conclusions

In summary, 10 of 29 infants with microcephaly (34.5%) had
severe ocular abnormalities; these infants were born after a
ZIKV outbreak in the state of Bahia in Brazil. The posterior ocu-
lar findings were focal pigment mottling and chorioretinal at-
rophy with a predilection for the macular area, as well as op-
tic disc abnormalities. These findings can contribute to the
diagnosis of ZIKV congenital infection in children with con-
genital microcephaly, although the retinal lesions found in this
sample may resemble West Nile virus or toxoplasmosis
retinochoroiditis.*> Advances in serologic ZIKV tests and ad-
ditional studies are necessary to confirm such findings.

This study can help guide clinical management and prac-
tice, as we observed that a high proportion of the infants with
microcephaly had ophthalmologic lesions. Infants with mi-
crocephaly should undergo routine ophthalmologic evalua-
tions to identify such lesions. In high-transmission settings,
such as South America, Central America, and the Caribbean,
ophthalmologists should be aware of the risk of congenital
ZIKV-associated ophthalmologic sequelae.
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