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Ocular Findings in InfantsWithMicrocephaly Associated

With Presumed Zika Virus Congenital Infection

in Salvador, Brazil
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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 1 and December

21, 2015.

INTERVENTIONS All infants andmothers underwent systemic and ophthalmic examinations

from December 1 through 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 ANDMEASURES Ocular abnormalities associatedwith ZIKV.

RESULTS Twenty-three of 29mothers (79.3%) reported suspected ZIKV infection signs and

symptoms during pregnancy, 18 in the first trimester, 4 in the second trimester, and 1 in 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

coloboma in 1 patient (2 eyes [11.8%]), and lens subluxation in 1 eye (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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T
heZikavirus (ZIKV) is anarbovirus that carries thename

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

identified in rhesus monkeys in 1947 through a sylva-

tic yellow fever surveillance network in Uganda1 andwas fur-

ther isolated inhumans inUganda andTanzania in 1952.2The

transmission is mostly vectorial by mosquitoes from the

Culicidae family and the Aedes genus, especially Aedes

aegypti (urban transmission). The virus usually is transmit-

ted tohematophagousarthropodsduring their bloodmeal and

reproduces in the host vector without affecting it, remaining

in the insect during its entire life span. The virus is transmit-

ted to reservoir animals during the next blood meal.3 Direct

interhuman transmission, most likely by sexual intercourse,

also has been described,4 and perinatal transmission of arbo-

virus has been reported for dengue virus (DENV),5-8 chikun-

gunya virus,9,10 West Nile virus (WNV),11 and yellow fever

virus.12BothDENV8 andWestNile virus reportedlyhavebeen

transmitted in breast milk.13 There is also some evidence of

perinatal and breast milk transmission of ZIKV.14,15

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.15 At the beginning of

2015, several cases of DENV and chikungunya virus infec-

tions were reported in Brazil.16 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

ZIKV, 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 aegypti is endemic and where the mosquito is the

biological vector of the 3 distinct viral diseases, and coinfec-

tion with these viruses is not uncommon.17

Transmission to the Americas appears to have originated

in thePacific Islands.18TheBrazilian stateofBahiawas the first

to identify cases in Brazil, although the state of Pernambuco

has a larger number of notifications.19 ByDecember 10, 2015,

ZIKV had spread to 18 other Brazilian states and rapidly be-

came an epidemic, especially in northeastern Brazil.20,21 Cir-

culating ZIKV in Brazil was identified as an Asian genotype

through phylogenetic analyses of the envelope region in the

2 cases from Bahia.18

The only method to diagnose ZIKV infection is by real-

time polymerase chain reaction, which is useful to detect the

virus only in the first days of an acute infection. Real-time

polymerase chain reaction isnothelpful for confirming the in-

fection in infants. Therefore, for now, ZIKV-related micro-

cephaly is diagnosed clinically.22-25 The frequency of cross-

reactionswithother flaviviruses (DENV,yellowfevervirus)may

make diagnosis difficult.

Since April 2015, an epidemic of ZIKV has been occurring

inBrazil. It is estimated thatmore than1millionBrazilianshave

had ZIKV infections in 2015, reflecting the virus’ capacity to

cause large-scale outbreaks where the biological vector is

present.25,26Sixmonthsafter theonsetof theZIKVoutbreak in

Brazil, therewas anunusual increase in newbornswithmicro-

cephaly. In2015, 1248newsuspectedcaseswereregistered,cor-

responding to a prevalence of 99.7 per 100000 live births and

representing a 20-fold increase comparedwith recent years.27

On January 4, 2016, the Brazilian Ministry of Health reported

3174microcephalicnewborns, themajorityofwhomwereinPer-

nambuco and almost all in northeastern Brazil.28

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 a reduced head

circumference.29 This serious effect of the ZIKV infection in

fetuses is unsurprising considering the perinatal transmis-

sion reported for 2 women from French Polynesia and the

strong neurotropism of the virus.1,14 In January 2016, Ven-

turaetal30published the first reportofpossiblecongenitalocu-

lar lesions in 3 infants from Recife, Pernambuco, Brazil. Rec-

ife is experiencing an outbreak of ZIKV infection aswell as an

increase in the number of newborns with microcephaly. The

cases reportedbyVentura and colleaguesdonot compose this

case series.

The aim of this study was to describe the ocular findings

in 29 infantswithmicrocephaly frommothers presumably in-

fected with ZIKV during pregnancy, during an outbreak in

Salvador, Bahia, Brazil.

Methods

Study Site

This study was conducted between December 1 and Decem-

ber 21, 2015. All children and theirmotherswere evaluated at

the Roberto Santos General Hospital, Salvador, Brazil, a ter-

tiary carehospital.Ophthalmologistswhoareexperts inmedi-

cal/surgical retina, uveitis, and neuro-ophthalmology evalu-

ated the patients.

Thirty-one infants with microcephaly due to a possible

ZIKV congenital infection and theirmotherswere referred for

ophthalmologic evaluation from other hospitals and health

unities.

In December 2015, the Brazilian Ministry of Health

revised the definition for microcephaly in newborn term

Key Points

Question: Are there ocular abnormalities in infants with micro-

cephaly associated with presumed Zika virus congenital infection

in Brazil?

Findings: Congenital infection due to presumed Zika virus

exposure 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

ophthalmologic 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.
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infants. The head circumference criterion was reduced from

a threshold of 33 cm or less to 32 cm or less,31 which was the

criterion used in this study.

A direct parent (mother or father) provided written in-

formed consent. TheEthics Committee of theFederal Univer-

sityofSãoPaulopreviouslyapprovedthestudyprotocol,which

followed the tenets of the Declaration of Helsinki.32

Adetailed clinical historywasobtained, including thepre-

natal and postnatal history andmaternal systemic history.

Patients

Inclusion Criteria of theMothers and Infants

Infantswith a cephalic circumference of 32 cmor less at birth

were included.Other congenital infections included in thedif-

ferential diagnosis were toxoplasmosis, rubella, cytomegalo-

virus, herpes simplex virus, syphilis, and human immuno-

deficiencyvirus (HIV),whichwere ruledout throughserologic

examinations. In all cases, the specific tests performed were

part of the routine screening andalso 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.

Thesuspecteddiagnosisof congenital ZIKVwasalsobased

on clinical features of themothers 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

infectionsuchas toxoplasmosis, rubella, cytomegalovirus,her-

pes simplex virus, or HIV, or a familial history of micro-

cephaly, or if themother had ahistory of alcohol or illicit drug

use during pregnancy.

Ocular Examination

All mothers underwent an external ocular examination, bio-

microscopy, and dilated indirect ophthalmoscopy. All infants

underwent an ocular external examination and indirect oph-

thalmoscopy. Optic nerve, retinal, and choroidal abnormali-

ties were documented with a wide-field digital imaging sys-

tem (RetCamShuttle; ClarityMedical Systems) after pupillary

dilation.

Owing to thesmallnumberofpatients 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 29mothers (79.3%) had ZIKV signs and symptomsdur-

ingpregnancy,which included cutaneous rash (21 of 29moth-

ers [72.4%]), fever (13 mothers [44.8%]), arthralgia (11 moth-

ers [37.9%]),headache (5mothers [17.2%]), and itch (4mothers

[13.8%]). All mothers denied signs or symptoms of conjunc-

tivitis. Among 23 mothers who reported symptoms during

pregnancy, 18 (78.3%) reportedZIKVsymptomsduring the first

trimester of pregnancy, 4 (17.4%)during second trimester, and

1 (4.3%) during the third trimester. No mothers had signs of

active or previous 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. Sev-

enteen of 20 eyes (85.0%) in 10 children had ophthalmo-

scopic abnormalities. Bilateral findings were found in 7 of 10

patients (70.0%)presentingwithocular lesions, themost com-

mon of which were focal pigment mottling and chorioretinal

atrophy in11of the17eyeswithabnormalities (64.7%) (Figure 1,

Figure 2, Figure 3, and Figure 4). Severe chorioretinal atro-

phy also was observed and involved the macula in 3 eyes

(Figure 1B andFigure 3A), the nasal retina in 3 eyes (Figure 5),

and the paramacular area in 5 eyes (Figure 2 and Figure 3B).

Two distinct components were observed: (1) circumscribed

areasof chorioretinal atrophy,which in someareashadnocho-

roidal vessels visible at all (Figure 1B, Figure 2, Figure 3B,

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

Right eyeA Left eyeB

The right eye has granular,

pigmentary mottling in themacula

(A), and the left eye has a

chorioretinal lobulated atrophic

lesion and slight pigmentary

mottling (B).
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Figure 4, and Figure 5); and (2) circumscribed areas of pig-

mentary clumping (Figure 2, Figure 3B, and Figure 4). Some

patients had chorioretinal atrophy surroundedby ahyperpig-

mented 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

bilateral iris coloboma (2 eyes [11.8%]) in the same patient

with lens subluxation. Data are summarized in the Table. No

infants 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,

Figure 3. Fundus Photographs of a 1-Month-Old Infant

Right eyeA Left eyeB

The right eye has an enlarged

cup-disc ratio andmacular

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

Right eyeA Left eyeB

The right eye has a superotemporal

perimacular chorioretinal scar with

perilesional pigmentary mottling (A),

and the left eye has similar

findings (B).

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

Right eyeA Left eyeB

The right (A) and left (B) eyes have

paramacular superotemporal round

chorioretinal atrophy surrounded by

a hyperpigmented halo and

hyperpigmentedmottling.
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Bahia, and several other cities in northeastern Brazil had an

unprecedentedZIKVoutbreak.Thisvirusbecameamajorpub-

lichealthprobleminashortperiodowingto itsassociationwith

severe neurologic malformations such as microcephaly and

possibly related ocular diseases in newborn infants.14,28

Because the rateofocular abnormalities is veryhigh 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.

Theocular lesions consistedof focal pigmentmottlingand

chorioretinal atrophywithapredilection for theposteriorpole,

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 presumably

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 studyhas 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

convenience sample and lack of statistical analysis do not al-

low us to 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, andepidemicpatternobserved inBrazilmay indicate the

risk of a new pandemic disease throughout the Americas, es-

pecially given that the biological vector A aegypti is endemic

inLatinAmerica, theCaribbean,andsomeregions in theUnited

States, where cases have already been reported.25,26,33 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 al34 reported in 2009, the

current studydidnot identify conjunctivitis as a frequent find-

ing inZIKV infection.Nomothers 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

ocular findings were focal pigment mottling and chorioreti-

nal atrophy with a predilection for the macular area, as

well as optic disc abnormalities. These findings can contrib-

ute to the diagnosis of ZIKV congenital infection in children

with congenital microcephaly, although the retinal lesions

Table. Ocular Findings in InfantsWithMicrocephaly and Presumed Zika Virus Congenital Infection

Ocular Finding

Patient No.
Affected Eyes, No. (%)
(n = 17)1 2 3 4 5 6 7 8 9 10

Focal pigment mottling OU OD OU No OU OD No OU OS No 11 (64.7)

Chorioretinal atrophy OU OS OU OU OS No OS 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 OS 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 5. Fundus Photographs of a 20-Day-Old Infant

Right eyeA Left eyeB

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).
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found in this sample may resemble West Nile virus or toxo-

plasmosis retinochoroiditis.35 Advances in serologic ZIKV

tests and additional studies are necessary to confirm such

findings.

This study can help guide clinicalmanagement and prac-

tice, aswe observed that a high proportion of the infantswith

microcephaly had ophthalmologic lesions. Infants with

microcephaly shouldundergo routine ophthalmologic evalu-

ations 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.

ARTICLE INFORMATION

Submitted for Publication: January 25, 2016; final

revision received February 3, 2016; accepted

February 3, 2016.

Published Online: February 9, 2016.

doi:10.1001/jamaophthalmol.2016.0267.

Author Contributions:Dr de Paula Freitas had full

access to all of the data in the study and takes

responsibility for the integrity of the data and the

accuracy of the data analysis.

Study concept and design: de Paula Freitas,

de Oliveira Dias, Prazeres, Maia, Belfort.

Acquisition, analysis, or interpretation of data: All

authors.

Drafting of the manuscript: de Paula Freitas,

de Oliveira Dias, Prazeres, Sacramento, Ko, Maia.

Critical revision of the manuscript for important

intellectual content: All authors.

Statistical analysis: de Paula Freitas.

Obtained funding: Belfort.

Administrative, technical, or material support:

de Paula Freitas, Prazeres, Sacramento, Maia,

Belfort.

Study supervision: de Paula Freitas, de Oliveira Dias,

Sacramento, Maia, Belfort.

Conflict of Interest Disclosures: All authors have

completed and submitted the ICMJE Form for

Disclosure of Potential Conflicts of Interest and

none were reported.

Funding/Support:Hospital Geral Roberto Santos

provided the site andmaterials for ophthalmologic

examination. Federal University of São Paulo

(Paulista Medical School), Vision Institute (IPEPO),

and Conselho Nacional de Desenvolvimento

Científico e Tecnológico (CNPq) provided funds for

travel expenses as well as thematerials necessary

for the ocular examinations.

Role of the Funder/Sponsor: The sponsors had no

role in the design and conduct of the study;

collection, management, analysis, and

interpretation of the data; preparation, review, or

approval of themanuscript; and decision to submit

themanuscript for publication.

REFERENCES

1. Dick GW, Kitchen SF, Haddow AJ. Zika virus, I:

isolations and serological specificity. Trans R Soc

Trop Med Hyg. 1952;46(5):509-520.

2. Dick GW. Zika virus, II: pathogenicity and

physical properties. Trans R Soc Trop Med Hyg.

1952;46(5):521-534.

3. Ioos S, Mallet HP, Leparc Goffart I, Gauthier V,

Cardoso T, Herida M. Current Zika virus

epidemiology and recent epidemics.MedMal Infect.

2014;44(7):302-307.

4. Foy BD, Kobylinski KC, Chilson Foy JL, et al.

Probable non-vector-borne transmission of Zika

virus, Colorado, USA. Emerg Infect Dis. 2011;17(5):

880-882.

5. Tan PC, Rajasingam G, Devi S, Omar SZ. Dengue

infection in pregnancy: prevalence, vertical

transmission, and pregnancy outcome.Obstet

Gynecol. 2008;111(5):1111-1117.

6. Pouliot SH, Xiong X, Harville E, et al. Maternal

dengue and pregnancy outcomes: a systematic

review.Obstet Gynecol Surv. 2010;65(2):107-118.

7. Adam I, Jumaa AM, Elbashir HM, KarsanyMS.

Maternal and perinatal outcomes of dengue in

PortSudan, Eastern Sudan. Virol J. 2010;7:153.

8. Barthel A, Gourinat AC, Cazorla C, Joubert C,

Dupont-Rouzeyrol M, Descloux E. Breast milk as a

possible route of vertical transmission of dengue

virus? Clin Infect Dis. 2013;57(3):415-417.

9. Fritel X, Rollot O, Gerardin P, et al;

Chikungunya-Mere-Enfant Team. Chikungunya

virus infection during pregnancy, Reunion, France,

2006. Emerg Infect Dis. 2010;16(3):418-425.

10. Gérardin P, Barau G, Michault A, et al.

Multidisciplinary prospective study of

mother-to-child chikungunya virus infections on

the island of La Réunion. PLoS Med. 2008;5(3):e60.

11. Stewart RD, Bryant SN, Sheffield JS. West Nile

virus infection in pregnancy. Case Rep Infect Dis.

2013;2013:351872.

12. Bentlin MR, de Barros Almeida RA, Coelho KI,

et al. Perinatal transmission of yellow fever, Brazil,

2009. Emerg Infect Dis. 2011;17(9):1779-1780.

13. Centers for Disease Control and Prevention.

Possible West Nile virus transmission to an infant

through breast-feeding: Michigan, 2002.MMWR

Morb Mortal Wkly Rep. 2002;51(39):877-878.

14. BesnardM, Lastère S, Teissier A, Cao-Lormeau

V, Musso D. Evidence of perinatal transmission of

Zika virus, French Polynesia, December 2013 and

February 2014. Euro Surveill. 2014;19(13):20751.

15. Lanciotti RS, Kosoy OL, Laven JJ, et al. Genetic

and serologic properties of Zika virus associated

with an epidemic, Yap State, Micronesia, 2007.

Emerg Infect Dis. 2008;14(8):1232-1239.

16. Ministério da Saúde, Secretaria de Vigilância em

Saúde. Monitoramento dos casos de dengue e

febre de chikungunya até a Semana Epidemiológica

30, 2015. Boletim Epidemiológico. 2015;46(24):1-8.

http://portalsaude.saude.gov.br/images/pdf/2015

/setembro/03/2015-029---SE-30.pdf.

17. Dupont-Rouzeyrol M, O’Connor O, Calvez E,

et al. Co-infection with Zika and dengue viruses in 2

patients, New Caledonia, 2014. Emerg Infect Dis.

2015;21(2):381-382.

18. Zanluca C, deMelo VC, Mosimann AL, Dos

Santos GI, Dos Santos CN, Luz K. First report of

autochthonous transmission of Zika virus in Brazil.

Mem Inst Oswaldo Cruz. 2015;110(4):569-572.

19. Campos GS, Bandeira AC, Sardi SI. Zika virus

outbreak, Bahia, Brazil. Emerg Infect Dis. 2015;21

(10):1885-1886.

20. European Centre for Disease Prevention and

Control. Zika Virus Epidemic in the Americas:

A Potential AssociationWith Microcephaly and

Guillain-Barré Syndrome. Stockholm, Sweden:

European Centre for Disease Prevention and Control;

2015.

21. Musso D. Zika virus transmission from French

Polynesia to Brazil. Emerg Infect Dis. 2015;21(10):

1887.

22. Kuno G, Chang GJ. Full-length sequencing and

genomic characterization of Bagaza, Kedougou,

and Zika viruses. Arch Virol. 2007;152(4):687-696.

23. Kutsuna S, Kato Y, Takasaki T, et al. Two cases of

Zika fever imported from French Polynesia to

Japan, December 2013 to January 2014 [corrected]

[published correction appears in Euro Surveill.

2014;19(5):20694]. Euro Surveill. 2014;19(4):20683.

24. Hayes EB. Zika virus outside Africa. Emerg

Infect Dis. 2009;15(9):1347-1350.

25. World Health Organization. Epidemiological

alert: neurological syndrome, congenital

malformations, and Zika virus infection:

implications for public health in the Americas. http:

//www.paho.org/hq/index.php?option=com

_docman&task=doc_view&Itemid=270&gid=

32405&lang=em. Accessed December 17, 2015.

26. Ministério da Saúde, Secretaria de Vigilância

em Saúde. Protocolo de vigilância e resposta à

ocorrência demicrocefalia relacionada à infecção

pelo vírus Zika. http://portalsaude.saude.gov.br

/images/pdf/2015/dezembro/09

/Microcefalia---Protocolo-de-vigil--ncia

-e-resposta---vers--o-1----09dez2015-8h.pdf.

Accessed December 26, 2015.

27. Centro de Operações de Emergências em

Saúde Pública sobre Microcefalias. Monitoramento

dos casos demicrocefalias no Brasil. http:

//portalsaude.saude.gov.br/images/pdf/2015

/novembro/30/coes-microcefalias

---informe-epidemiol--gico---se-47.pdf. Accessed

December 26, 2015.

28. Ministério da Saúde. Microcefalia: 3174 casos

são investigados em 20 estados e no Distrito

Federal. http://portalsaude.saude.gov.br/index.php

/o-ministerio/principal/secretarias/job/webradio

/21527-microcefalia-3174-casos-sao-investigados

-em-20-estados-e-no-distrito-federal. Accessed

January 9, 2016.

29. Ministério da Saúde. Ministério da Saúde

confirma relação entre vírus Zika emicrocefalia.

http://portalsaude.saude.gov.br/index.php/cidadao

/principal/agencia-saude/21014-ministerio-da

-saude-confirma-relacao-entre-virus-zika

-e-microcefalia. Accessed December 26, 2015.

30. Ventura CV, Maia M, Bravo-Filho V, Góis AL,

Belfort R Jr. Zika virus in Brazil andmacular atrophy

in a child with microcephaly [published online

January 7, 2016]. Lancet. doi:10.1016/S0140-6736

(16)00006-4.

31. Ministério da Saúde. Nota sobre medida do

perímetro cefálico para diagnóstico de bebês com

microcefalia relacionada ao vírus Zika. http://www

Research Original Investigation Ocular Findings in InfantsWith Presumed Zika Virus Infection

534 JAMAOphthalmology May 2016 Volume 134, Number 5 (Reprinted) jamaophthalmology.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/24/2022

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2016.0267&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2016.0267
http://www.ncbi.nlm.nih.gov/pubmed/12995440
http://www.ncbi.nlm.nih.gov/pubmed/12995440
http://www.ncbi.nlm.nih.gov/pubmed/12995441
http://www.ncbi.nlm.nih.gov/pubmed/12995441
http://www.ncbi.nlm.nih.gov/pubmed/25001879
http://www.ncbi.nlm.nih.gov/pubmed/25001879
http://www.ncbi.nlm.nih.gov/pubmed/21529401
http://www.ncbi.nlm.nih.gov/pubmed/21529401
http://www.ncbi.nlm.nih.gov/pubmed/18448743
http://www.ncbi.nlm.nih.gov/pubmed/18448743
http://www.ncbi.nlm.nih.gov/pubmed/20100360
http://www.ncbi.nlm.nih.gov/pubmed/20626851
http://www.ncbi.nlm.nih.gov/pubmed/23575200
http://www.ncbi.nlm.nih.gov/pubmed/20202416
http://www.ncbi.nlm.nih.gov/pubmed/18351797
http://www.ncbi.nlm.nih.gov/pubmed/23533851
http://www.ncbi.nlm.nih.gov/pubmed/23533851
http://www.ncbi.nlm.nih.gov/pubmed/21888828
http://www.ncbi.nlm.nih.gov/pubmed/12375687
http://www.ncbi.nlm.nih.gov/pubmed/12375687
http://www.ncbi.nlm.nih.gov/pubmed/24721538
http://www.ncbi.nlm.nih.gov/pubmed/18680646
http://portalsaude.saude.gov.br/images/pdf/2015/setembro/03/2015-029---SE-30.pdf
http://portalsaude.saude.gov.br/images/pdf/2015/setembro/03/2015-029---SE-30.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25625687
http://www.ncbi.nlm.nih.gov/pubmed/25625687
http://www.ncbi.nlm.nih.gov/pubmed/26061233
http://www.ncbi.nlm.nih.gov/pubmed/26401719
http://www.ncbi.nlm.nih.gov/pubmed/26401719
http://www.ncbi.nlm.nih.gov/pubmed/26403318
http://www.ncbi.nlm.nih.gov/pubmed/26403318
http://www.ncbi.nlm.nih.gov/pubmed/17195954
http://www.ncbi.nlm.nih.gov/pubmed/24507466
http://www.ncbi.nlm.nih.gov/pubmed/19788800
http://www.ncbi.nlm.nih.gov/pubmed/19788800
http://www.paho.org/hq/index.php?option=com_docman&task=doc_view&Itemid=270&gid=32405&lang=em
http://www.paho.org/hq/index.php?option=com_docman&task=doc_view&Itemid=270&gid=32405&lang=em
http://www.paho.org/hq/index.php?option=com_docman&task=doc_view&Itemid=270&gid=32405&lang=em
http://www.paho.org/hq/index.php?option=com_docman&task=doc_view&Itemid=270&gid=32405&lang=em
http://portalsaude.saude.gov.br/images/pdf/2015/dezembro/09/Microcefalia---Protocolo-de-vigil--ncia-e-resposta---vers--o-1----09dez2015-8h.pdf
http://portalsaude.saude.gov.br/images/pdf/2015/dezembro/09/Microcefalia---Protocolo-de-vigil--ncia-e-resposta---vers--o-1----09dez2015-8h.pdf
http://portalsaude.saude.gov.br/images/pdf/2015/dezembro/09/Microcefalia---Protocolo-de-vigil--ncia-e-resposta---vers--o-1----09dez2015-8h.pdf
http://portalsaude.saude.gov.br/images/pdf/2015/dezembro/09/Microcefalia---Protocolo-de-vigil--ncia-e-resposta---vers--o-1----09dez2015-8h.pdf
http://portalsaude.saude.gov.br/images/pdf/2015/novembro/30/coes-microcefalias---informe-epidemiol--gico---se-47.pdf
http://portalsaude.saude.gov.br/images/pdf/2015/novembro/30/coes-microcefalias---informe-epidemiol--gico---se-47.pdf
http://portalsaude.saude.gov.br/images/pdf/2015/novembro/30/coes-microcefalias---informe-epidemiol--gico---se-47.pdf
http://portalsaude.saude.gov.br/images/pdf/2015/novembro/30/coes-microcefalias---informe-epidemiol--gico---se-47.pdf
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/secretarias/job/webradio/21527-microcefalia-3174-casos-sao-investigados-em-20-estados-e-no-distrito-federal
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/secretarias/job/webradio/21527-microcefalia-3174-casos-sao-investigados-em-20-estados-e-no-distrito-federal
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/secretarias/job/webradio/21527-microcefalia-3174-casos-sao-investigados-em-20-estados-e-no-distrito-federal
http://portalsaude.saude.gov.br/index.php/o-ministerio/principal/secretarias/job/webradio/21527-microcefalia-3174-casos-sao-investigados-em-20-estados-e-no-distrito-federal
http://portalsaude.saude.gov.br/index.php/cidadao/principal/agencia-saude/21014-ministerio-da-saude-confirma-relacao-entre-virus-zika-e-microcefalia
http://portalsaude.saude.gov.br/index.php/cidadao/principal/agencia-saude/21014-ministerio-da-saude-confirma-relacao-entre-virus-zika-e-microcefalia
http://portalsaude.saude.gov.br/index.php/cidadao/principal/agencia-saude/21014-ministerio-da-saude-confirma-relacao-entre-virus-zika-e-microcefalia
http://portalsaude.saude.gov.br/index.php/cidadao/principal/agencia-saude/21014-ministerio-da-saude-confirma-relacao-entre-virus-zika-e-microcefalia
http://dx.doi.org/10.1016/S0140-6736(16)00006-4
http://dx.doi.org/10.1016/S0140-6736(16)00006-4
http://www.blog.saude.gov.br/50426-nota-sobre-medida-do-perimetro-cefalico-para-diagnostico-de-bebes-com-microcefalia-relacionada-ao-virus-zika
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2016.0267


Copyright 2016 American Medical Association. All rights reserved.

.blog.saude.gov.br/50426-nota-sobre-medida

-do-perimetro-cefalico-para-diagnostico-de-bebes-

com-microcefalia-relacionada-ao-virus-zika.

Accessed December 26, 2015.

32. World Medical Association. World Medical

Association Declaration of Helsinki: ethical

principles for medical research involving human

subjects. JAMA. 2013;310(20):2191-2194. doi:10

.1001/jama.2013.281053.

33. Kelly JC. First Zika virus case in continental

United States confirmed in Texas.Medscape.

January 11, 2016.

34. Duffy MR, Chen TH, HancockWT, et al. Zika

virus outbreak on Yap Island, Federated States of

Micronesia.NEngl JMed. 2009;360(24):2536-2543.

35. Alpert SG, Fergerson J, Noël LP. Intrauterine

West Nile virus: ocular and systemic findings. Am J

Ophthalmol. 2003;136(4):733-735.

Invited Commentary

Zika Virus Infection and the Eye
LeeM. Jampol, MD; Debra A. Goldstein, MD

Human and insect travel between continents has resulted in

the dissemination of previously remote infections to more

populatedpartsof theworld.WestNilevirusapparentlymoved

from Israel to New York, where it decimated bird popula-

tions, and subsequently

moved across the United

States, producing human

neurologic disease and reti-

nal lesions. Now, a related virus—Zika virus—has been impli-

cated as the causeof anepidemicofmicrocephaly, first inBra-

zil and now spreading into other parts of the western

hemisphere.Zikaviruswas identifiedby reverse transcription–

polymerase chain reaction in the amniotic fluid of 2 women

in Brazil whose fetuses had been found to havemicrocephaly

byprenatalultrasonography,1and theCenters forDiseaseCon-

trol andPreventionhave confirmed that amicrocephalic baby

born inHawaii to amother fromBrazil hadbeen infectedwith

the virus.2Ongoing registry studies are underway to confirm

the causative association between the viral infection and

microcephaly.

Millions of people in Brazil are believed to have been in-

fectedwith thevirus,whichhas rapidly spread throughout the

Americas. It is transmittedprimarilyby theAedesaegyptimos-

quito,althoughsexual transmissionhasbeenveryrarelynoted.

The infection itself is rarely life threatening,manifesting typi-

cally as short-lived fever, nonspecific rash, and joint pain, or

itmaybecompletely asymptomatic. Themildnatureof the in-

fection makes ascertainment of a relationship between ma-

ternal infectionandsubsequent fetal anomaliesdifficult, as the

illness is often unnoticed or unreported.

Ophthalmologicmanifestationsof congenital Zikavirus in-

fection arenot yetwell described.A report earlier this year de-

scribed 3 babies from Brazil with microcephaly and pre-

sumed Zika virus intrauterine infection who had macular

pigmentmottling and loss of foveal reflex,with 1manifesting

well-defined macular atrophy.3

The report by de Paula Freitas et al4 in this issue of JAMA

Ophthalmology implicates this infection as the cause of cho-

rioretinal scarring and possibly other ocular abnormalities in

infants with microcephaly recently born in Brazil. Micro-

cephaly canbegenetic,metabolic, drug related, ordue toperi-

natal insults such as hypoxia, malnutrition, or infection. The

present 20-fold reported increase ofmicrocephaly in parts of

Brazil is temporally associated with the outbreak of Zika

virus. However, this association is still presumptive because

definitive serologic testing for Zika virus was not available in

Brazil at the time of the outbreak and confusion may occur

with other causes of microcephaly.5 Similarly, the currently

described eye lesions are presumptively associated with the

virus.

Zika virus is a flavivirus transmitted byAedesmosquitoes

and is related toyellowfevervirus,denguevirus, andWestNile

virus. Zika virus was first identified in Uganda in 1947 inma-

caques and then in humans as early as 1968.6 It has also been

identified in French Polynesia, where an epidemic was asso-

ciatedwithperinatal transmissionand fetal abnormalities.The

virus presently inBrazil appears tohaveoriginated fromPoly-

nesia. The clinical findings of primary infection mimic both

denguevirusandchikungunyavirus, alsopresent inBrazil and

carriedby thesamemosquito.Testing forZikavirus isnot read-

ily available, making the diagnosis challenging; however, the

Centers for Disease Control and Prevention in Atlanta, Geor-

gia, can perform serologic testing (IgM and plaque-reduction

neutralization), and polymerase chain reaction testing is

available.

The infection causing microcephaly and retinal lesions

typically occurs during the first or second trimester of preg-

nancy. In the series described by de Paula Freitas and col-

leagues, almost 80% of mothers reported symptoms consis-

tent with Zika virus infection, most in the first trimester.4

Ocular abnormalities were present in 10 of the 29 infants ex-

amined (35%) andwere bilateral in 7 of the 10. The character-

istic lesions includedposterior polepigmentary clumping and

areas of sharply circumscribed chorioretinal atrophy. In addi-

tion, 1 baby showed iris colobomas and lens subluxation (al-

though it is not clear whether this was related to Zika virus).

It is likely with further experience that the spectrum of ocu-

lar lesions will increase.

At the present time it has been suggested that women in

the areas of the epidemic consider not getting pregnant and it

is recommended thatpregnantwomen, especiallyduring their

first 2 trimesters, not travel to areas where the disease is epi-

demic. AsWest Nile virus spread across theUnited States and

then became endemic, uveitis and chorioretinitis were seen.

Interestingly, West Nile virus was reported to have transpla-

cental transmission,producing lesionssomewhatsimilar to the

current cases.7 The differential diagnosis of chorioretinal le-

sions suchas those reported in this series includesmanyother
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