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ABSTRACT

Objective: We aimed to report the first 54 cases of pregmammhen infected by Zika virus (ZIKV)
and their virological and clinical outcomes, as lvasl the newborns’ outcomes in 2016, after the
emergence of ZIKV in dengue endemic areas of SatwParazil.

Methods. This is a descriptive study performed from Febyua October 2016 on 54 gPCR ZIKV-
positive pregnant women identified by the Publiakte Authority of Sdo Jose do Rio Preto, Séao
Paulo, Brazil. The women were followed and hadicéihand epidemiological data collected before
and after birth. Adverse outcomes in newborns \aedyzed and reported. Urine or blood samples
from newborns were collected to identify ZIKV infem by RT-PCR.

Results: 216 acute Zika-suspected pregnant women werdifieéeln and 54 had the diagnosis con-
firmed by RT-PCR. None of the 54 women miscarrigohong the 54 newborns, 15 exhibited ad-
verse outcomes at birth. The highest number of ZiKMéctions occurred during the second and
third trimesters. No cases of microcephaly wereontel, though the broad clinical spectrum of
outcomes, as lenticulostriate vasculopathy, sulmypeal cysts, auditive and ophtalmological dis-
orders, were identified. ZIKV RNA was detected @ df 51 newborns tested and in eight of 15
newborns with adverse outcomes.

Conclusions. Although other studies have associated many nawbaotcomes to ZIKV infection
during pregnancy, these same adverse outcomesarerer non-existent in this study. The clinical
presentation in our newborns was mild comparedttierareports, suggesting that there is signifi-

cant heterogeneity of Congenital Zika Infection.

Abstract word count: 249 words

INTRODUCTION
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Zika virus (ZIKV) infection has been associatedhnsevere birth defects, such as newborn
microcephalyl, 2), meningoencephalitis(3) and Guillain-Barré syndr@mé&). Microcephaly rep-
resents a small part of a broad spectrum of teemiocgoutcomes of intrauterine ZIKV infection
referred to as congenital Zika syndrome (CZS)(yauterine growth restriction, ocular abnormali-
ties, placental damage, fetal blood anomalies(d)dmath are other findings that may be associated
with ZIKV infection during pregnancy(1, 2, 8).

The city of S&o José do Rio Preto in Sdo Paule SBagzil, is a region in which several ar-
bovirus circulate(9-11). In 2016, a ZIKV outbreaksweported in the city(12), and a surveillance
system was established to identify illnesses cabgedIKV. Special attention has been given to
pregnant women in an attempt to detect the impB£tkV infection on newborns. This study is a
report of the first 54 confirmed cases of womemratéd by ZIKV during pregnancy and their viro-
logical and clinical outcomes, as well as the newsooutcomes, identified through our surveil-

lance system.

METHODS

Study Population

From February to October 2016, the Public HealtithArity in the city identified 216 preg-
nant patients with Zika-like symptoms, among 1,6r&gnant women, in the elective and emergen-
cy services. The Brazilian Ministry of Health defshZika-suspected cases based on macular or
papular rash with two or more of the following séggymptoms: fever, conjunctival hyperemia
without secretion, pruritus, polyarthralgia, ornpiedema(13). Fifty seven pregnant women with
symptomatic acute Zika-suspected infection, betvweeand 38 weeks of pregnancy (gestational age
defined as first trimester until F3veeks, second trimester from™b 26" weeks, and third tri-
mester after 27 weeks)(14), attended in a health service in S&é do Rio Preto, were notified as

Zika-suspected patients and had blood sample ¢tetleturing acute infection, with ZIKV RT-PCR



95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

5

positive. These pregnant women were referred téde&m’s and Maternity Hospital (HCM) in Sao
José do Rio Preto, Sdo Paulo, Brazil, the referbpsgital, and have been monitoring under a pro-
tocol approved by the Sdo José do Rio Preto Me@ichbol IRB. These blood samples were also
tested for human immunodeficiency infection (HIMpxoplasmosis, rubella, cytomegalovirus
(CMV), hepatitis B and C, Herpes simplex virus (HSSYyphilis, and other infection (TORCHS),
when the last one was relevant, using molecularoarserological methods. The ZIKV-positive
pregnant women were monitored by a multidisciplnaredical team through the use of clinical
and radiological evaluations.

After the delivery, newborn’s umbilical cord blo@dhd/or urine were collected and tested
for the presence of ZIKV using molecular and segimal methods. The clinical exams of newborn
and anthropometric measurements were performeddingao the guideline of the Brazilian Min-
istry of Health(13), including the microcephaly ietfon, as newborns with 37 weeks of gestation-
al age or less and cephalic perimeter lower thsiadard deviations (sd) based on Intergrowth 21
to gestational age and sex(15) or newborns wittv&@ks or more and cephalic perimeter lower or
equal to 31.5 cm for girls and 31.9 cm for boysd aguivalent to lower than 2sd based on
WHO(16). It was considered as adverse outcomefysdlenticulostriate vasculopathy, subepen-
dymal cysts, choroidal cyst, bilateral cranial ldleehorioretinitis, premature birth, abnormal OAE
(otoacoustic emission).

Ultrasounds (USs) were performed using a Philipd B0 convex probe in order to gen-
erate fetal and post-natal images. Magnetic resenamaging (MRI) was performed using a
Philips Gyroscan Intera 1.5 T MRI scanner, andithages were analyzed by specialists in fetal
medicine. Special attention was given to the fetus’ newborn’s central nervous system. When
available, otoacoustic emission tests (OAE) andi@isrexaminations were performed by specialists

to identify any auditory or ophthalmologic disorsigrespectively.

Virus and RNA Extraction
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The viral strain used as positive control was ZfRMt was propagated in C6/F6edes al-
bopictus cell cultures(17-19). Viral RNA was extracted frd#0-mL blood and urine samples us-

ing the QlAamp Viral RNA Mini kit (Qiagen) accordjrto the manufacturer’s instructions.

gPCR for ZIKV

To detect the ZIKV genome in the mothers’ bloodrmothe newborns’ umbilical cord blood
and/or urine samples, a one-step quantitative;tmaal, fluorescent probed-based RT-PCR assay
was performed using primers targeting the enve®pgene(20). All samples with Ct lower or

equal to 38.5 were considered positive to ZIKV.

ZIKV ELISA

The umbilical cord blood samples found to be pesifor ZIKV in gPCR were also tested
for the Zika NS1 protein. The Zika Virus NS1 ELISAt (BioFront Technologies, Florida, USA)
was used to capture anti-ZIKV NS1. All of the assesere performed according to the manufactur-
er's instructions. Each plate was read at 450 nimgus Spectramax Plus Microplate Reader (Mo-

lecular Devices, California, USA).

Complete Genome

Following RNA extraction, the cDNA was synthesizesing the High Capacity cDNA Re-
verse Transcription Kit (Applied Biosystems). Nieeh fragments were amplified by Nested PCR
using Phusion high-fidelity DNA polymerase (Ther@dentific). Fragment sizes ranged from 430
bp to 1461 bp. Primers are available upon reqidstted-PCR products were purified using the
DNA Clean & Concentrator Kit (Zymo). Fragments weegjuenced using the direct Sanger method
with BigDye terminator v3.1 in an ABI 3130XL Geret#nalyzer (Applied Biosystems). Sequenc-
es were assembled and analyzed for coverage arndyqusing SegMan software from the

DNASTAR Lasergene package (Madison, WI).
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Phylogenetic Reconstruction

The evolutionary history was inferred using thexmmaum likelihood method based on the
general time reversible model(21) using a datasetpded of 99 complete ORF (open reading
frame) nucleotide sequences available in GenBahle ffee with the highest log likelihood (-
35779.2777) is shown in Supplemental Figure 1. péeentage of trees in which the associated
taxa clustered together is shown next to the brasicimitial trees for the heuristic search were ob-
tained automatically by applying Neighbor-Join @&idNJ algorithms to a matrix of pairwise dis-
tances estimated using the maximum composite h&etl (MCL) approach and then selecting the
topology with superior log likelihood value. A diste gamma distribution was used to model dif-
ferences in evolutionary rates among sites (5 caiegy +G, parameter = 0.2918). The rate varia-
tion model allowed for some sites to be evolutidpanvariable ([+I], 0.0010% sites). The tree is
drawn to scale, with branch lengths measured imthmber of substitutions per site. Codon posi-
tions included were S#2"%+3“+Noncoding. All positions containing gaps and nrigsélata were
eliminated. There were a total of 10208 positianshie final dataset. Evolutionary analyses were

conducted in MEGA7(22).

Statistical Analysis

All statistical analyses were carried out using Epi-Info software for Windows (Centers
for Disease Control and Prevention, Georgia, US¥g. used chi-squared and Wilcoxon rank sum
tests to compare the characteristics accordingrtio dutcomes for categorical and continuous data,
respectively.

RESULTS

Among 216 symptomatic acute ZIKV-suspected pregmamhen in the Public Health Sys-

tem of Sdo José do Rio Preto, Sdo Paulo, Braaildmt February 2016 and October 2016, this
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8
descriptive study included 57 pregnant women (26%)ch had ZIKV infection confirmed by RT-

PCR in blood. Three pregnant women (5%) were lasind follow up, resulting in a final sample
size of 54 women. ZIKV infection was detected ih tamesters of gestation. Fifteen pregnant
women (28%) experienced adverse birth outcomescliieal and demographic characteristics of
the 54 mothers and their respective newborns ayershn Table 1. The distribution of suspected
and confirmed cases of ZIKV according to epidengatal week and gestational week of ZIKV
exposure, and the associations between these Wdtadyerse outcomes, are shown in Figures 1
and 2.

No pregnant woman in this study miscarried, ang erght (15%) of the fetuses were born
at less than 37 weeks. The APGAR score medianeohéwborns was 9/10 and 10/10 at 1 and 5
minutes, respectively, two newborns had APGAR lothan 7 at 1 minute and none at 5 minutes,
and no abnormalities were detected in the neurcédgxams. The additional serological screening
to infectious diseases during pregnancy are showhables 1 and Supplemental Table 4, while
performed radiologic exams and their findings @ in Table 1 and 2.

Almost a quarter of pregnant women (28%, 15/54p wdceived follow-up care presented
adverse fetal/birth outcomes (Supplemental Tablénljhree cases (20%), there were histories of
co-morbidities, and in seven cases, the mothertegh@xposure to alcohol, tobacco or illicit drugs
(Table 1 and Supplemental Table ©One newborn, which was born prematurely, encoedtaitl of
the anthropometric parameters below those expdotegestational age compatible with intrauter-
ine growth restriction. In this same newborn, uetlal US, abnormal OAE, and ZIKV in cord
blood (RT-PCR) were all identified, without otherfectious agents. but with exposure to illicit
drugs (marijuana) during gestation. The adverseamnés observed in each case of ZIKV exposure
in utero are described in Supplemental Table hd23a

Among the 39 newborns with no adverse birth outeries profile of ZIKV exposure was
similar to those with adverse outcomes. Clinical Eboratory data of these newborns are present-

ed in Table 2. The serological and molecular tes®&AKV are shown in Supplemental Table 6.
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Evidence of ZIKV infection was detected in 18 ofit51 newborns (35%) that were evalu-
ated by RT-PCR at birth using umbilical cord blcaat/or urine samples (Table 3). Among the
newborns who did not exhibit adverse outcomes, ZRRINVA was detected in 10 out of 36 (28%)
(Supplemental Table 4-7). The complete genome @fvttus was amplified from 1 patient and 2
controls (Zika cases in male adults) and sequenEkd. phylogenetic analyzes showed that the
ZIKV identified in our mothers during outbreak iQI6 was cluster together with the same virus

circulating in other areas of the country (Suppletagy Figure 1).

DISCUSSION

Based on surveillance alerts, our health centerbleas conducting a prospective study on
ZIKV in pregnancy and associated birth defectsiwaifocus on microcephaly) since January 2016.
In ten months of surveillance, there were 216 cas@$KV-suspected pregnant women in our cen-
ter, and here we reported 54 (26%) cases of prégmamen who were found to have ZIKV infec-
tion confirmed by RT-PCR based blood samples. iftadverse fetal/birth outcomes and eighteen
cases of congenital ZIKV infection in newborns wegported. Although ZIKV infection in the first
trimester of gestation is associated with microedyplil, 2), no cases have been detected thus far
among the newborns in our cohort. Most of the agh/ereurological outcomes (14/15; 94%) oc-
curred in the second and third trimester, and théy have been responsible for these mild out-
comes.

This is not the first report to associate ZIKV ictien after the first trimester with regular
head circumference at birth but with adverse dihautcomes, such as congenital brain injury ac-
quired due to ZIKV(23). The outcomes associatech dtKV infection during pregnancy may
range from no effects to miscarriage to fetal ititet resulting in CZS(24). An important study
performed in Brazil in 2016 (1) reported severatcomes in fetuses and newborns exposed to

ZIKV during pregnancy, as intrauterine growth riesion, cerebral calcifications, abnormal arterial
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flow in the cerebral or umbilical arteries, glolsarebral atrophy, microcephaly, macular hypoplasia
and scarring, and placental insufficiency.

Congenital anomalies, including microcephaly, haveomplex and multifactorial etiology
and may be caused by other infections (such as THERIGfections) during pregnancy, as well as
chromosomal disorders, exposure to environmentahgpand metabolic diseases(24, 25). Congen-
ital toxoplasmosis(26), syphilis(27), HSV(28), andbella(29, 30) may affect the central nervous
system and cause neurological deficits. Out obfalhe cases in this study in which sub-ependymal
cysts were observed, only one pregnant woman tegknt toxoplasmosis IgM result and a new-
born with ZIKV RT-PCR positive in the umbilical abblood. Among those with vasculopathy, the
only infection identified was by ZIKV. These factdead us to believe that ZIKV can be the cause
of neurological abnormalities. Knowing the causdhafse issues is an important tool for preven-
tion.

Since this is a descriptive study, a control grofipvomen with no infection was not de-
fined. A limitation presented by this study was thek of data in some variables. The data were
collected by the attending physician, based oneaeptablished record, although it was not always
filled completely. The clinical spectra observedour newborns differed from those reported in
other studies. Lenticulostriate vasculopathy, spirelymal cysts, auditory disorder, and chorioret-
initis were the main outcomes observed, and theseewmo cases of macular hypoplasia, micro-
cephaly, or abnormal neurological test resultsrdfteh. These findings showed that the symptoms
of CZS might be broader than originally thoughteTimk to ZIKV may not be clearly established,
neither excluded. In some cases, the only infestamgent detected was ZIKV. In cases where other
infectious agents were identified by serologicatgethe clinical findings were not usually related
to this one.

In conclusion, our study highlights the importarafeZIKV infection in all trimesters of
gestation. Brain abnormalities other than microedphntra-cerebral calcifications, or severe out-

comes detected by imaging exams during pregnangyoteur and reflect the significant heteroge-
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neity of exposure to ZIKV during pregnancy. Advemdcomes were mild or non-existent in our

newborns, but their occurrence may affect neurckdgdevelopment, thus having an important
negative impact on the patient specifically andtlo& population more generally. These impacts
may only be measured some years after birth. Tadygrovides additional evidence of the associ-
ation between congenital ZIKV infection and certital outcomes and contributes to a better un-

derstanding in the pathogenesis of birth defeaised by ZIKV.
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TABLES

Table 1. Characteristics of women in the cohort andheir pregnancies according to infants’ birth outomes

No Adverse Birth Outcomes

(N=39)
Total Adverse Birth Outcomes#
(N=54) (N=15)
Characteristic No. of No. of Positives (% or IQR) No. of No. of Positives (% or IQR) No. of No. of Positives (% or IQR) p-value
Responses or Median Responses or Median Responses or Median
Demographic
Mother age (y) 54 275 (23-34) 15 23 (21-38) 39 28 (22 - 34) 0.68
Ethnicity
White 45 31 (69) 14 9 (64) 31 22 (71) 0.83
Mestizo 45 10 (22) 14 4 (29) 31 6 (19) -
Black 45 3 (@) 14 1 (@) 31 2 (6) -
Other 45 1 2 14 0 ) 31 1 3) -
Educational Level Completed
College education 44 10 (23) 14 2 (14) 30 8 27) 0.51
High school 44 26 (59) 14 10 (71) 30 16 (53) -
Primary school 44 8 (18) 14 2 (14) 30 6 (20) -
Prior Medical History
Paras 37 1 0-2) 12 1 05-2) 25 1 0-1) 0.60
Gravidas 37 2 (1.5-3.5) 12 2 1.5-3) 25 2 (25-3) 0.80
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Comorbidities*

Prior Hx STD

Zika Infection during Pregnancy

Trimester of ZIKV infection

First trimester
Second trimester
Third trimester
Rash
Pruritis
Headache
Athralgias
Fever
Myalgias
Respiratory symptom3*
Conjunctivitis

Serum ZIKV RT-PCR+

Urine ZIKV RT-PCR+
Pregnancy

Current Alcohol drinker
Current Smoker
Medications?
Complications*

TORCH Serology

54

45

54

54

54

53

54

54

54

54

54

54

54

53

52

44

44

54

44

26

24

51

34

23

21

18

15

45

41

35

10

an

©)

@)

(48)
(44)
(96)
(63)
(43)
(39)
(33)
(28)
(15)
@

(85)

(79)

®)
(14)
(65)

(23)

15

14

15

15

15

15

15

15

15

15

15

15

15

15

14

14

14

15

14

10

14

10

14

10

10

(20)

(14)

@)

@7
(67)
(93)
(67)
(33)
47)
(20)
@7
©)

©)

(93)

(71)

@)
(14)
(67)

(29)

39

31

39

39

39

39

39

39

39

39

39

39

39

38

38

30

30

39

30

22

14

37

24

18

14

15

11

31

31

25

(15)

(6)

®)

(56)
(36)
(95)
(62)
(46)
(36)
(38)
(28)
(20
©)

(82)

(82

®)
(13)
(64)

(20

0.68

0.39

0.20

0.49

0.73

0.39

0.47

0.20

0.91

0.06

0.53

0.28

0.43

0.57

0.93

0.86

0.53
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Toxoplasmosis IgM+ 47 2 4) 13 1 (8) 34 1 3) 0.47
CMV IgM+ 47 0 (0) 13 0 (0) 34 0 (0) NA

Rubella IgM+ 47 4 9) 13 0 0) 34 4 (12) 0.20
VDRL+ 49 1 ) 13 1 8) 36 0 ) 0.09

UTI/MRI Exams

No. of pre-natal US exams 51 3 (3-3) 14 3 (3-3) 37 3 (3-3) 0.80
Abnormal pre-natal US exarh* 51 2 4) 14 2 (14) 37 0 0) 0.02
Abnormal fetal MRI® 25 6 (24) 8 1 (13) 17 5 (29) 0.36

# Adverse outcomes: lenticulostriate vasculopashpependymal cysts, choroidal cyst, bilateral edarlieed, chorioretinitis, premature birth, abnor@AE

*1 Comorbidities: With adverse outcomes: hypothysidi(1), idiopathic thrombocytopenic purpura (1)attic cardiopathy (1), hypertension (1); No advesa&omes: hypothy-
roidism (2), hypertension (3).

*2 Coryza, sore throat, or cough

*3Medications: with adverse outcomes: levothyroxihg prednisone (1), methyldopa (1), sulfadiazinesgdyrimethamine (1), acyclovir (1); No adversecoutes: levothyroxine
(1), methyldopa (2), methyldopa plus metformin {&yothyrosin plus metformin (1), clindamycin ($piramycin (1)

*4 Complications during pregnancy: With adverse omtes: gestational diabetes (1), HSV infection (¥phdlis (1), acute toxoplasmosis (1); No adversecomes: gestational
diabetes (2), rubella (4); acute toxoplasmosis (1)

*> US = ultrasound: with adverse outcomes: retro-aeuhematoma (1), oligohydramnios (1)

*® MRI = magnetic resonance imaging (no significandihgs): With adverse outcomes: eccentric pladénsertion of umbilical cord (1); No adverse outwes: placental thicken-
ing (1), asymmetrical thyroid lobes (1), increasalitentorial measures plus pericardial effusiofsright renal cyst in fetus (1), swallowing faiuand gastric distention (1)



Table 2. Characteristics of newborn infants accordig to birth outcome

Total Adverse Birth outcomes No Adverse Birth Outcomes
(N=54) (N=15) (N=39)
No. Of No. of Positives or(%) or IQR No. of No. of Positives or(%) or IQR No. of Responsehblo. of Positiveg%) or IQR p-value
Responses Median Responses Median or Median
Birth
Gestational age at birth (wks) 54 38 (37.5 - 38) 15 38 (37 - 39) 39 38 (37 -38.5) 0.83
Premature (<37 wks of gestation) 54 8 (15) 15 3 (20) 39 5 (13) 0.51
Male sex 54 30 (56) 15 6 (40) 39 24 (62) 0.15
Caesarean section delivery 35 29 (83) 12 11 (92) 23 18 (78) 0.32
Apgar score (median)
At 1 min 33 9 9-9) 11 9 9-9) 22 9 9-9) 0.30
At 5 min 33 10 (9 -10) 11 10 (10 - 10) 22 10 (9.5-10) 0.09
Anthropometric Measurements
Head circumference
cm 53 35 (34 - 36) 15 35 (34 -36) 39 35 (34 -36) 0.71
percentile* 53 89 (77 - 97) 15 92 (76 - 98) 39 89 (79 - 96) 0.78
Microcephaly* 54 0 (0) 15 0 0) 39 0 0 -
Weight
grams 54 3097 (2901 - 3420) 15 2970 (2894 - 3486) 39 3098 (2929 - 3460) 0.62
Percentile® 54 66 (39-82) 15 65 (44 - 85) 39 66 (39-84) 0.95
small for gestational agé* 54 0 0) 15 0 0) 39 0 0) -
Length
cm 54 48 (46.8—-49.5) 15 47 (46 - 48) 39 48 (47 - 49) 0.05

21



percentile
Clinical Evaluation
Abnormal neurological evaluation

Abnormal ophthalmological exarh*

Abnormal OAE/AABR*

Radiological Evaluations
Abnormal exam

Cranial US*

Cranial MRI¥®
ZIKV Diagnostic Testing
RT-PCR+

Serum

Serum Ct

Urine

Urine Ct

Infection in first trimester

Infection in second trimester

Infection in third trimester

MAC-ELISA+ ZIKV

Hospitalization

Days

NICU admission

54

54

22
34

38
38

51

48

14

46

18

18

18

16

37

54

43

18

14

36.5

36.5

(27 - 71)

©)

(©)
(18)

(18)
(18)

©)

35)

(29)

(36 - 37)

9)

(31 - 36.6)

(11)

(44)

(44)

©)

2-4

9)

14

10
14

14
14

15

15

15

14

15

32

6*

7*

36.3

36.4

(14 - 56)

©)
(20)
(43)

(50)
(50)

©)

(53)

(33)

(36.2 — 36.5)

(20

(31 - 36.6)

(13)

(25)

(63)

©

2-4

©)

39

40

12
20

24
24

36

33

31

10

10

10

23

39

48

10

36.8

37.7

(34 -73)

©)
©
©)

©)
©)
©)

(28)

@7

(35.6 — 37.4)

©)

(10)

(60)

(30)

©

(2.5-4.5)

13)

0.05

NA

0.10

0.00

0.00
0.00

NA

0.08

0.67

0.31

0.06

0.18

0.20

NA

0.64

0.15
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*1(<-2 SD HC)

*2 (<10" weight percentile)

*3 Abnormal ophthalmological exam: unilateral choeimitis

**OAE = otoacoustic exam: one case confirmed by aatethauditory brainstem response (AABR)

*>US = ultrasound: With adverse outcomes: lenticulaist vasculopathy (2), subependymal cysts (3)raitlal cyst (1), bilateral cranial bleed (1)
*®MRI = magnetic resonance imaging

Table 3. Outcomes among newborns from mothers expad to ZIKV during pregnancy

Qutcome No. of Cases Incidence (95% CI)*

Adverse Birth Outcomes 15/54 28 (17 - 41)
Exposure in first trimester 1/4 25 (0.63 - 81)
Exposure in second trimester 4/26 15(5-33)
Exposure in third trimester 10/24 42(23-62)
ZIKV detected at birth 8/18 44 (23 - 67)
ZIKV not detected at birth 7/15 47(23-71)

ZIKV detection at birth 18/51 35 (22 - 48)
ZIKV exposure in first trimester 2/4 50 (9 - 91)
ZIKV exposure in second trimester 8/26 31 (15 - 50)
ZIKV exposure in third trimester 8/24 33 (14 -52)
With adverse outcomes 8/15 53 (29 - 77)
No adverse outcomes 10/39 26 (14 - 41)

*Cumulative incidence shown as cases per 100 births



SUPPLEMENTAL MATERIALS

Supplemental Table 1. Clinical and laboratory findngs of 14 infants with adverse birth outcomes

24

During Pregnancy At Birth
Code Mother's Age (y) Week of Gestation ~ Symptoms during Radiological ~Complications  Gestational Z-score (Percentile)  Clinical Findings*?> US ZIKV RT-PCR
of ZIKV Infection ZIKV lliness Findings*! Weeks/Sex  of Findings**
Weight/Length/HC
5 38 35 exanthema - (US/MRI) - 38/F -0.11(42)/- - lenticulostriate urine +/ serum -
pruritus 0.18(45)/1.53(93) vasculopathy
11 37 15 exanthema - (US/MRI) - 39/M - abnormal OAE AD - serum +
pruritus arthralgia 0.93(63)/0.10(54)/2.24
(98)
14 37 32 exanthema - (US/MRI) - 37IF -2.28(46)/- abnormal OAE AD lenticulostriate urine +/ serum -
pruritus fever 1.47(7)/1.84(96) vaculopathy
myalgia
arthralgia
16 36 28 exanthema - (US/MRI) gestational 36/F - abnormal OAE AD - serum -
diabetes 1.89(69)/0.09(53)/0.54
(70)
18 17 25 exanthema - (US) toxoplasmosis  38/F 0.06(88)/- - subependymal serum +
fever 0.62(60)/1.65(95) cysts
myalgia

arthralgia



25

20 22 12 exanthema head- - (US/MRI) - 36/F -2.32(1)/-2.09(22)/-  abnormal OAE AU - serum +
ache arthralgia 2.13(1.65)
21 19 20 conjunctivitis Eccentric - 37/M -2.18(54)/- abnormal OAE AD - serum -
insertion 0.46(32)/0.79(78)
umbilical cord
(MRI)
24 23 35 exanthema pruritus - (US) VDRL+ 39/F -3.02(25)/-2.05(4)/- - choroidal cyst serum -
0.06(65)
31 17 16 exanthema pruritus - (US/MRI) - 38/F 0.06(94)/0(50)/2.38(9 - bilateral cranial serum —
conjunctivitis 9) bleed®
37 23 33 exanthema, pruri- - (US) - 39/F -0.67(25)/- abnormal OAE AU - serum -
tus headache 3.05(25)/1.19(88)

myalgia arthralgia

39 21 25 exanthema - (US/MRI) - 39/M -0.71(62)/- - subependymal serum -
2(2.2)/0.83(80) cysts
41 24 30 exanthema pruritus - (US/MRI) - 38/M - - subependymal serum +
headache 0.49(90)/0.54(70)/1.8( cysts
myalgia arthralgia 96)
conjunctivitis
102 23 14 exanthema pruritus Oligohydram- 28/M -0.36(31)/- Premature birth - serum +
headache nios (US) in 0.88(11)/0.71(62)
third trimester
114 28 28 exanthema pruritus Retro-ovulate HSV infection 38/M -2.62(30)/-0.41(34)/- chorioretinitis OD - serum + / urine +
fever hematoma 0.45(32)
myalgia arthralgia (US) in first
conjunctivitis trimester

ZIKV = Zika virus; DENV = Dengue virus, CHIKV = Chungunya virus, CMV = Cytomegalovirus; PCR = Polyase Chain Reaction; RT-PCR = Reverse transcriptpsty-
merase chain reaction; IgG = Immunoglobulin typeN®; Non-reactive; NP = Not performed; CUS: Cranitifasound; MNR = Magnetic Nuclear Resonance; GA&ioacoustic
emissions; ITP = Idiopathic thrombocytopenic pugpudC = head circumference; VDRL: Venereal disgasearch laboratory test

*1 The use of a dash (-) reflects no significantifigg in the MRI, US or clinical evaluation

*2AD, AS, OD, OS: right ear, left ear, right eye tleye

*3Degree 1 on right and degree 2 left hemisphere



Supplemental Table 2. Clinical and laboratory findngs of 10 infants with ZIKV RNA detected at birth and who did not develop adverse outcomes

During Pregnancy At Birth
Code Mother's Age (y) Week of Gestation  Symptoms during ZIKV ~ Radiological Findings* Complication Gestational Percentile of Radiological ZIKV RT-
of ZIKV Infection lliness Age/gender Weight/Length/HC Findings* PCR
7 28 21 Exanthema, pruritis Increased subtentorial measure:-, 38 -2.72(0.32)/0.06(52)/1.1(86) - serum +
pericardial effusions (MRI) / -
(USs)
9 29 30 Exanthema, pruritis, Right kidney cyst in fetal Acute toxoplas- 38 0.06(52)/-063(27)/1.65(95) - serum +
coriza (MRI)/ - (US) mosis
22 33 13 exanthema, pruritis, Swallowing failure and gastric - 37 -2.57(38)/3-0.34(6)/1.24(89) - (T-US) urine +
headache, conjunctivitis distention (MRI) / - (US)
23 21 31 exanthema pruritus - (US/MRI) - 39/M -0.93(51)/-1.12(13)/0.64(74) - serum +
myalgia arthralgia
26 30 25 pruritis headache con- - (US) Rubella IgM+ 39/M -0.66(29)/-0.23(40)/0.88(81) - serum +
junctivitis
34 31 13 exanthema fever myalgie. - (US/MRI) gestational 32/M 0.2(6)5/0.2(58)/-0.13(44) - serum +
arthralgia diabetes
36 30 19 exanthema pruritis head- - (US) - 37/IM -2.18(19)/-0.46(32)/-0.84(20; - serum +

ache cough conjunctivitis

26



27

38 25 31 exanthema pruritus - (US) - 38/F -2.7(21)/-0.18(42)/0.7(76) - serum +
headache
40 27 22 exanthema headache - (US/MRI) - 39/M -0.88(23)/-0.46(32)/1.51(930 - serum + ZIKV
pruritis = Zika
virus;
. ) DENV
107 42 38 exanthema fever myalgie. - (US) - 39/F 2.58(99)/1.99(99)/100REVER- urine + = Den-
gue
virus,

CHIKV = Chikungunya virus, CMV = CytomegalovirusCR = Polymerase Chain Reaction; RT-PCR = Revesassstriptase - polymerase chain reaction; IgG = Imoglobulin
type G; NR: Non-reactive; NP = Not performed; ClW@3anial ultrasound; MNR = Magnetic Nuclear Resomai@AE = otoacoustic emissions; ITP = Idiopathiothbocytopenic
purpura; HC = head circumference; VDRL: Venereatdse research laboratory test

* The use of a dash (-) reflects no significantlfings in the MRI, US or clinical evaluation

Supplemental table 3. Clinical and laboratory findngs of 23 infants with ZIKV RNA non detected at bith

During Pregnancy At Birth
Code Mother's Age Trimester of Gesta-  Symptoms during ZIKV  Radiological Findings* Complication Gestational Percentile of Clinical or ZIKV RT-
) tion of ZIKV Infec- lliness Agel/gender Weight/Length/HC Radiological PCR
tion Findings*
1 29 2" Exanthema, pruritus, - (US/MRI) HSV IgM+ 38/M -0.25(40)/-0.41(34)/1.96(97) - (C-US) serum and
headache, arthralgia, urine -

conjunctivitis

2 33 2 Exanthema, pruritus, - (US) - 38/F -0.22(41)/0.33(63)/1.46(92) - (C-US) serum and
arthralgia, conjunctivitis urine -
4 35 3¢ Exanthema, pruritus - (US/MRI) Gestational 38/M -0.18(42)/-1.48(7)/1.24(89) - (C-US) serum -
Diabetes, Rubel-
la IgM+
6 34 2n¢ exanthema pruritus, - (US/MRI) - 37IF -2.5(0.61)/-1.15(12)/0.88(81) - (C-US) serum -

headache



10

13

15

16

17

19

21

24

25

27

22

32

27

36

22

26

26

19

23

22

30

lsl

2nd

3rd

1sl

3rd

2nd

2nd

2nd

3rd

3rd

2nd

Fever, exanthema, pruri- - (US/MRI)
tus, myalgia, headache,

sore throat, cough, con-

junctivitis

Exanthema, pruritus, - (US)
arthralgia

Fever, exanthema, pruri- - (US/MRI)
tus headache, arthralgia,
cough conjunctivitis

Exanthema - (US/MRI)
Exanthema - (US/MRI)
Conjunctivitis - (US)
Exanthema - (US/MRI)
Conjunctivitis - (US/MRI)
Exanthema, pruritus - (US)

Fever, exanthema, pruri- - (US)
tus

Exanthema - (US/MRI)

Acute Toxo-
plasmosis

Gestational
Diabetes and
Gestational
Hypertension
Disorder

HSV IgM+

Gestational
Hypertension
Disorder

38/M

39/M

36/M

38/M

36/F

38/M

38/F

37/M

39/F

37/F

36/F

0.49(31)/-1.77(3)/0.18(57) -

-3.13(9.27)/-1.69(4)/0.64(74) - (C-US)

-1.72(69)/0.56(71)/2.54(99) -

-0.18(38)/-1.99(1.7)/2.7(99) - (C-US)

-1.89(70)/0.09(54)/0.54(71) Abnormal
OEAAD/ -
(C-US)

-0.18(84)/-0.34(36)/2.7(99) -

-0.28(90)/0.27(61)/- -

-2.18(53)/0.46(3R.79(78)  Abnormal
OEA AS

-3.02(25)/-24)60.06(65) Abnormal
OEA AD,

choroidal cyst

0.31(96)/1.46(93)/1.8(96) -

-1.96(56)/0.02(51)/-1.21(11) - (C-US)

serum and
urine -

serum and
urine -

serum and
urine -

serum and
urine -

serum and
urine -

serum and
urine -

serum and
urine -

serum and
urine -

serum and
urine -

Serum -

serum -
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28

29

30

31

33

35

37

39

42

101

103

17

22

35

17

21

25

23

37

32

15

27

3rd

2nd

2nd

2nd

3rd

3rd

2nd

2nd

Exanthema, pruritus, - (US/MRI)
headache, sore throat,
arthralgia, conjunctivitis

Exanthema, pruritus, - (US)
headache, arthralgia,

Exanthema, pruritus, - (US)
headache, sore throat,
arthralgia, conjunctivitis

Exanthema, pruritus, - (US/MRI)
conjunctivitis

Fever, exanthema - (US/MRI)
Exanthema, pruritus, - (US/MRI)
myalgia

Exanthema, pruritus, - (US)
myalgia, headache,

arthralgia

Exanthema - (US/MRI)
Exanthema - (US/MRI)
Exanthema, pruritus - (US)

Fever, exanthema, pruri- - (US)
tus, headache

HSV IgM+

38/F

39/F

37M

38/F

38/M

38/M

39/F

39/M

34/F

37M

38/F

0.06(69)/0.62(73)/0.81(80) -

0.33(82)/1.47(93)/0.52(70) -

-2.41(28)/-1.28(10)/1.38(91) - (C-US)

0.06(93)/0 (49)/2.38(99) ileral
intracranial
bleeding
0.54(70)/0.49(8.18(570 - (C-US)

-0.18(95)/-0.18(42)/2(97) -

-3.05(25)/-0.67(25)/1.19(88,  Abnormal
OEA AS

Serum -

serum and
urine -

serum and
urine -

serum and
urine -

Urine -

serum and
urine -

serum and
urine -

-0.71(23)/-2(2.25)/8(80) subependymelserum and

cysts (C-US)

-3.02(34)/-0.86(19j(@6) Abnormal
OEA AS

-0.06(47)/-022(0.54(70) -

0.06(52)/1.23(89)/2.38(99) Bilateral
abnormal
OEA

urine -

Urine -

serum and
urine -

serum and
urine -
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105

109

110

111

112

115

33

37

34

19

19

27

3rd

3rd

znd

3rd

Exanthema, headache - (US)

Fever, exanthema, -

Fever, exanthema, pruri- - (US)
tus, myalgia, headache,
arthralgia, conjunctivitis

Exanthema, pruritus -

Fever, exanthema, myal- -
gia

Fever, exanthema, pruri- -
tus

38/M

40/F

37/M

39/M

-0.18(49)/-BBHL.24(89)

-0.77(21)/0.39(65)/1.87(97)

0.25(64)/-1.02(12)/0.79(75)

-0.77(45)/-0.35)/0.78(78)

serum and
urine -

Urine -

Serum -

serum and
urine -

serum and
urine -

serum and
urine -

*AD, AS: right ear, left ear

CUS: cranial ultrasound
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Supplemental Table 4. Characteristics of 54 womemithe cohort, according to detection of ZIKV RNA intheir infant at time of birth

ZIKV RNA Detection No ZIKV RNA detection
(N=18) (N=36)
Characteristic No. of No. of Positives (% or IQR)  No. of No. of Positive (% or IQR) p-value
Responses or Median Responses or Median
Demographic
Age () 18 28.5 (24 - 35) 36 27 (21-34) 0.22
Ethnicity
White 18 11 (61) 27 20 (74) 0.14
Mestizo 18 6 (33) 27 4 (15) -
Black 18 0 (0) 27 3 (11) -
Other 18 1 (6) 27 0 (0) -
Educational Level Completed
College education 17 4 (24) 27 6 (22) 0.04
High school 17 13 (76) 27 13 (48) -
Primary school 17 0 0) 27 8 (30) -
Prior Medical History
Paras 14 1 1-2) 23 1 (0.5-1.5) 0.18
Gravidas 14 2 (25-3) 23 2 1-3) 0.48
Comorbidities* 18 6 (33) 36 3 (8)
Prior Hx STD 18 3 a7) 27 1 4) 0.13

Zika Infection during Pregnancy



Timing of iliness

First trimester
Second trimester
Third trimester
Rash
Pruritis
Headache
Athralgias
Fever

Myalgias

Respiratory symptom$*

Conjunctivitis
Serum RT-PCR+

Urine RT-PCR+
Pregnancy
Alcohol use

Smoking

Medications®

Complications*
TORCH serology
Toxoplasmosis IgM+

CMV IgM+

Rubella IgM+

VDRL+

18

18

18

18

18

18

18

18

18

18

18

17

18

17

17

18

18

16

16

15

17

17

14

16

14

an
(49)
(49)
(94)
(78)
(50)
(49)
(33)
(33)
an
©)

(04)

(78)

(6)
(18)

(44)

(33)

(6)
(©)
(13)

©)

36

36

36

35

36

36

36

36

36

36

36

36

34

27

27

36

26

31

31

32

32

18

16

34

20

14

13

12

29

27

(6)

(50)
(44)
(97)
(56)
(39)
(36)
(33)
(25)
(17
(©)

(81)

(79)

4
(11)

(11)

(15)

(©)
©)
(6)

3

0.74

0.44

0.55

1.0

0.52

0.59

0.15

0.20

0.89

0.74

0.54

0.16

0.63

NA

0.42

0.46
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UTI/MRI exams

No. pre-natal US exams 18 3 (3-3) 36 3 (2-2.5) 0.21
Abnormal pre-natal US exarh* 18 2 (11) 36 0 0) 0.04
Abnormal fetal MRI® 10 3 (30) 15 3 (20) 0.23

*1 Comorbidities: With ZIKV-RNA detection: hypothyrdan (2), idiopatic thrombocytopenic purpura (1)rartic cardiopathy (1), hypertension (2); WithouKX¥+RNA detection:
hypothyroidism (1), hypertension (2).

*2 Coryza, sore throat or cough

*3Medications: with ZIKV RNA detection: levothyroxin@), spiramycin (1), prednisone (1), sulfadiazimes pyrimethamine (1), methyldopa plus metforniijy (methyldopa (1),
acyclovir (1); Without ZIKV-RNA detection: clindaneyn (1), levothyroxine (1), methyldopa (2).

*4 Complications during pregnancy: With ZIKV-RNA detien: acute toxoplasmosis (2), rubella (2), gestatl diabetes (1), HSV infection (1); Without ZIKRNA detection:
gestational diabetes (2), rubella (2), syphilis (1)

*5US = ultrasound: with adverse outcomes: retro-deut@matoma (1), Oligohydramnios (2)

*SMRI = Magnetic resonance imaging: With adverse omes: placental thickening (1), asymmetrical thyrdobes (1), increased subtentorial measures @risapdial effusions
(1), right renal <cyst in fetus (1), eccentric plaee insertion of umbilical cord (1), swallowing ilfge and gastric distention (1).



Supplemental Table 5. Characteristics of 51 newborimfants according to ZIKV RNA detection at birth

ZIKV RNA detected

No ZIKV RNA detected

(N=18) (N=36)
No. of No. of Positives o1(%) or IQR No. of No. of Positives (%) or IQR p-value
Responses Median Responses or Median
Birth
Gestational age at birth (wks) 18 38 (37 - 38) 36 8 3 (37 —38.5) 0.86
Premature (<37 wks gestation) 18 3 a7) 36 5 (14) .780
Male sex 18 11 (61) 36 19 (63) 0.56
Caesarean section delivery 14 11 (79) 21 18 (86) 58 0.
Apgar score (median)
At 1 min 13 9 (9-9) 20 9 (9-9) 0.70
At 5 min 13 10 (10 - 10) 20 10 (9 - 10) 0.26
Anthropometric Measurements
Head circumference
cm 17 35 (33.5-35.8) 36 35 (34 -35.8) 0.85
percentile* 17 91 (76 - 96) 36 85 (76 - 97) 0.99
Microcephaly * 54 0 0) 36 0 0 -
Weight
kg 18 3.008 (2.745-3.421) 36 3.163 (2.930 -®.42 0.27
Percentile® 18 51 (33-82) 36 68 (45 - 83) 0.26
small for gestational agé* 18 0 0) 36 0 0) NA
Length
cm 18 48 (47 - 49) 36 48 (46.8 - 49) 0.94
percentile® 18 41 (34 - 63) 36 48 (15 - 73) 0.85
Clinical Evaluation
Abnormal neurological evaluation 18 0 0 36 0 NA
Abnormal ophthalmological exarh* 8 1 (13) 14 1 (@) 0.67
Abnormal OAE/AABR* 11 3* 27) 23 3 (13) 0.31
Radiological Evaluations
Abnormal exam 14 4 (29) 24 3 (13) 0.21
Cranial US 14 4 (29) 24 3 (13) 0.21
Cranial MRI® 2 0 0) 1 0 0) NA
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ZIKV Diagnostic Testing

RT-PCR+ 18 18 (100) 33 0 (0) 00
Serum 18 14 (78) 30 0 0) 00
Serum Ct 14 36.5 (36-37) 0 -

Urine 17 4 (24) 29 0 0) 0.006
Urine Ct 4 36.5 (31-37) 0 - - 3
First trimester infection 18 2 (12) 36 0 0) -
Secondinfection 18 8 (44) 36 0 0) NA

Third trimester infection 18 8 (44) 36 0 0) NA

MAC-ELISA+ ZIKV 11 0 0) 5 0 0) NA

Hospitalization

Days 16 2 (25-3) 21 2 (2-5.5) 0.61

NICU admission 18 1 (6) 36 4 (11) 0.50

*1(<-2 SD HC)

*2 (<10" weight percentile)

*3 Abnormal ophthalmological exam: unilateral chortonitis

**OAE = otoacoustic exam: one case confirmed by aatethauditory brainstem response (AABR)

*3S = ultrasound: With adverse outcomes: lenticulaist vasculopathy (2), subependymal cysts (3)taibial cyst (1), bilateral cranial bleed (1)
*MRI = magnetic resonance imaging



Supplemental Table 6. Virological outcomes in newlras exposed to ZIKV during pregnancy

36

Research Code

Pregnancy trimester Pregnancy week

Molecular assay ELISA assay

OBS

Zika gPCR from umbilical cord umbil- ZIKV NS1 (BioFront)
ical cord blood and/or urine(ct value)

11

14

16

18

gd
gd

2nd

2nd

gd

21d

gd

gd

gd

38

38

37

38

37

39

37

36

39

Umbilical cord blood negative(ct 39.46) Low piogy

Urine positive(ct 31.1) NP*
Umbilical cord blood negative (ct 39.9) Negativ
Umbilical cord blood positive (ct 37.7) Low [itdsty

Umbilical cord blood positive (ct 36.81) Negati

Umbilical cord blood positive (ct 36.55) Postti

Umbilical cord blood negative (ct 39.4) NP
and urine positive (ct 36.36)

Umbilical cord blood negative (ct 38.22) Lowsfiivity

Urine positive (ct 34.98) NP

Umbilical cord bidmot available

Umbilical cord btbnot available



20

21

22

23

24

26

31

34

36

37

38

39

1S|

21d

21(1

gd

gd

21(1

21d

1S|

21d

gd

gd

21(1

36

37

39

39

39

39

38

32

37

39

38

39

Umbilical cord blood positive (ct 35.81)

Umbilical cord blood negative (ct 38.13)

Urine positive (ct 37.72)

Umbilical cord blood positive (ct 37.65)

Umbilical cord blood negative (ct inde-

terminate)

Umbilical cord blood positive (ct 37.14)

Umbilical cord blood negative (ct inde-

terminate)

Umbilical cord blood positive (ct 36.76)

Umbilical cord blood positive (ct 35.62)

Umbilical cord blood negative (ct 38.45)

Umbilical cord blood positive (ct 35.51)

Umbilical cord blood negative (ct 38.72)

NP

NP

NP

Lowgitivity

NP

Lowsgiiivity

NP

NP

Positi

Lowgitivity

Lowsfiivity

37
Uifidal cord blood not available

Umbilical cord btbnot available

Umbilical cord blood not available

Uilidal cord blood not available



40

41

102

107

114

gd

fl

3d

3d

39

38

28

39

38

Umbilical cord blood positive (ct 37.47) Positi

Umbilical cord blood positive (ct 36.42) Negati

Umbilical cord blood positive (ct 35.99) Lowgitivity

NP NP

Umbilical cord blood (ct 36.31) and urine Low positivity
(ct 36.57) positive

38

* NP: non performed



Supplemental Table 7.Results of ZIKV RT-PCR in newborns exposed to ZIKVduring pregnancy

ZIKV RT-PCR Blood positive Blood negative Non testd
Urine positive 3 0 0
Urine negative 10 28 4

Non tested 4 1 4
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FIGURES

Figure 1. Suspected and confirmed cases of Zika s infection according to epidemiological week,
gestational week of ZIKV exposure, and birth rate & ZIKV-infected pregnant women in the city of

Séao José do Rio Preto, Sao Paulo, Brazil, in 2016
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Figure 2. Characteristics of maternal cohort, Zikainfection and adverse outcomes in the city of S&o

José do Rio Preto, Séo Paulo, Brazil, in 2016

Inhabitants
442,548
¥
Pregnant women
1,674 (0.3%)
¥
Suspected cases
226 (14%)

i Confirmed Unconfirmed
Case ascertainment 57 (26%) 159 (74%)
—
Gestational period 1st trimester 2nd trimester 3rd trimester Loss-to-follow-up
of ZIKV exposure 4 (7%) 26 (46%) 24 (42%) 3(5%)
Adverse birth Yes No Yes No Yes No
outcomes 1 (25%) 3 (75%) 4 (15%) 22 (85%) 9 (38%) 15 (62%)

ZIKV RNA detected | 1(100%)

| 133%) | | 260%) | | 6(27%) | | 5(56%) | | 3(20%) |
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SUPPLEMENTAL FIGURE

Supplemental Figure 1. Phylogenetic analysis of ZIK detected in pregnant women during the

2016 outbreak in the Brazilian city of Sdo José dRio Preto
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