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Abstract

Background: Recommended testing for both infants with Zika-associated birth defects (i.e., 

microcephaly and selected brain or eye anomalies) and infants without birth defects whose 

mothers had laboratory evidence of possible Zika virus (ZIKV) infection during pregnancy 

includes nucleic acid amplification testing (NAAT) and immunoglobulin M (IgM) testing within 

days after birth. Brain and eye defects highly specific for congenital ZIKV infection have been 

described; sporadic reports have documented negative ZIKV testing in such infants.

Methods: Infants from the U.S. Zika Pregnancy and Infant Registry and Zika Birth Defects 

Surveillance with Zika-associated birth defects and maternal and infant laboratory testing for 

ZIKV and two congenital infections (i.e., cytomegalovirus [CMV] and toxoplasmosis) were 

reviewed for phenotype and laboratory results. Infants with at least one defect considered highly 
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specific for congenital ZIKV infection were designated as having congenital Zika syndrome (CZS) 

clinical phenotype for this study.

Results: Of 325 liveborn infants with Zika-associated birth defects and laboratory evidence of 

maternal ZIKV infection, 33 (10%) had CZS clinical phenotype; 172 (53%) had ZIKV IgM testing 

with negative or no ZIKV NAAT. ZIKV IgM was negative in the remaining 121 infants, and 

for 90%, testing for CMV and toxoplasmosis was missing/incomplete. Among 11 infants testing 

negative for ZIKV IgM, CMV, and toxoplasmosis, 2 infants had CZS clinical phenotype.

Conclusions: These data add support to previous reports of negative ZIKV IgM testing in 

infants with clear maternal and phenotypic evidence of congenital ZIKV infection. Follow-up care 

consistent with the diagnosis is recommended regardless of infant ZIKV test results.
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1 | INTRODUCTION

Zika virus (ZIKV) infection during pregnancy can cause serious birth defects in the 

developing fetus, primarily affecting the central and peripheral nervous systems (de Araújo 

et al., 2018; Honein et al., 2017; Krow-Lucal et al., 2018; Rasmussen, Jamieson, Honein, 

& Petersen, 2016; Reynolds et al., 2017). Zika-associated birth defects include structural 

anomalies of the brain and eye, including microcephaly (Moore et al., 2017; Rice et 

al., 2018). A distinctive clinical phenotype, which has been termed congenital Zika 

syndrome (CZS), has been described with features that are highly specific to congenital 

ZIKV infection, including severe microcephaly with partially collapsed skull and thin 

cerebral cortices with subcortical calcifications; macular scarring and focal pigmentary 

retinal mottling; congenital contractures; and marked early hypertonia and symptoms 

of extrapyramidal involvement (Moore et al., 2017). Due to the serious birth defects 

associated with ZIKV infection during pregnancy, it is important that infants exposed to 

ZIKV in utero receive the recommended testing and clinical evaluation to facilitate early 

intervention and developmental assistance. A standard evaluation is recommended for all 

infants born to mothers with possible ZIKV exposure during pregnancy (Adebanjo et al., 

2017). It is suggested that providers consider ZIKV laboratory testing for infants based 

on clinical findings of Zika-associated birth defects or, in the absence of birth defects, 

maternal laboratory evidence of possible ZIKV infection during pregnancy (Adebanjo et 

al., 2017). Infants with findings consistent with CZS are highly encouraged to receive the 

recommended follow-up care regardless of maternal test results.

The time between infection and testing can make the diagnosis of ZIKV challenging in 

mothers and infants. Most ZIKV infections are asymptomatic, and among women with 

symptoms, the presentation might be mild. Testing is not recommended for asymptomatic 

pregnant women with recent possible exposure, but without ongoing exposure (Oduyebo et 

al., 2017). In 2016, interim guidance for pregnant women residing in an area with active 

ZIKV transmission, with or without clinical illness consistent with ZIKV disease, included 

testing women in the first and second trimesters of pregnancy (Peterson et al., 2016); 
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therefore, some women without clinical evidence of ZIKV infection during pregnancy were 

routinely tested for ZIKV infection. Although there are a few reports of prolonged detection 

of ZIKV ribonucleic acid (RNA) by nucleic acid amplification testing (NAAT), detection 

of ZIKV RNA is most accurate within 14 days of infection for pregnant women; therefore, 

a negative ZIKV NAAT does not rule out infection (Bingham et al., 2016; Oduyebo et al., 

2017; Rabe et al., 2016).

Current recommendations include infant ZIKV NAAT (serum and urine) and 

immunoglobulin M (IgM) testing in serum within a few days after birth (Adebanjo et 

al., 2017). Plaque reduction neutralization test (PRNT) can be used to confirm congenital 

ZIKV infection in children at age ≥18 months with negative ZIKV IgM and NAAT at 

birth (Adebanjo et al., 2017). During the ZIKV pandemic, jurisdictions with endemic 

dengue, such as Puerto Rico, did not conduct PRNTs on maternal or infant specimens 

as a confirmatory test for positive ZIKV IgM results due to cross-reactivity with dengue 

virus (Sharp et al., 2019). Depending on the timing of maternal infection and the fetal 

immunologic response to the infection, NAAT and IgM antibody testing of the infant at the 

time of delivery might not be positive (Adebanjo et al., 2017). Infants born with birth defects 

consistent with CZS clinical phenotype but without infant positive laboratory testing for 

ZIKV have been previously reported (de Araújo et al., 2018; de Melo Espindola et al., 2021; 

Melo et al., 2016; Pomar et al., 2018; Rodo et al., 2018). The infants were born to mothers 

who tested positive for ZIKV by NAAT and/or serology (IgM) during pregnancy; the infants 

tested negative for ZIKV RNA and IgM at birth. The sensitivity and positive predictive value 

of laboratory testing for diagnosing infants with CZS clinical phenotype are not currently 

known (Adebanjo et al., 2017).

Using data from the two U.S. surveillance cohorts, we sought to determine if there 

were infants similar to those previously reported who had clear clinical evidence of the 

CZS clinical phenotype but negative postnatal testing for ZIKV, and if so, how prevalent 

this might be in our cohorts. The two surveillance systems collect maternal and infant 

ZIKV testing, reported infant physical anomalies, and maternal infectious disease testing 

during pregnancy, if performed. Because some features of the CZS clinical phenotype 

are similar to those seen with other congenital infections, we excluded any infant with 

evidence of congenital cytomegalovirus (CMV) or toxoplasmosis infections or cases in 

which coinfections could not be ruled out, mother or infant. These findings can be used to 

evaluate the health risks of infants born to women with ZIKV infection during pregnancy.

2 | METHODS

We reviewed cases of infants with Zika-associated birth defects (i.e., microcephaly and brain 

or eye abnormalities at birth) from two U.S.-based surveillance systems launched during the 

2016 ZIKV response. First, the U.S. Zika Pregnancy and Infant Registry (USZPIR) collected 

data on infants born to mothers with laboratory evidence of confirmed or possible ZIKV 

infection during pregnancy in the U.S. states and territories from December 2015 to March 

2018 (Reynolds et al., 2017). Evidence of ZIKV infection during pregnancy was defined 

as a positive ZIKV NAAT or serologic evidence in a maternal, placental, fetal, or infant 

specimen. Data were abstracted from medical records from birth through 3 years of age, 
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including growth parameters, physical examination findings, imaging studies, developmental 

screenings, and other evaluations at multiple time points. Infants from approximately 

7,500 completed pregnancies are monitored in this system. Second, the Zika Birth Defects 

Surveillance (ZBDS) is a population-based surveillance system that collected data on 3,359 

infants and fetuses who had a birth defect potentially related to ZIKV infection, regardless 

of ZIKV laboratory findings, in 22 U. S. states and territories from January 2016 to June 

2017 (Olson et al., 2019; Smoots et al., 2020). Infants captured in both surveillance systems 

were matched to increase data completeness.

Clinical phenotype and laboratory testing results for infants with Zika-associated birth 

defects were reviewed to determine which infants met the following inclusion criteria: (a) 

born to women with positive ZIKV testing during pregnancy or from a delivery sample, (b) 

negative infant ZIKV IgM testing performed in the first 14 days of life to rule out postnatal 

infection and ZIKV NAAT negative or NAAT not performed, and (c) negative CMV and 

toxoplasmosis testing in either the mother or infant. Two clinicians reviewed cases for the 

CZS clinical phenotype. The last criterion required the presence of at least one birth defect 

considered to be a highly specific component of the pattern of birth defects associated 

with congenital ZIKV infection (subcortical/cortical calcifications, arthrogryposis, macular 

scarring and pigmentary anomaly, or cranial anomalies consistent with fetal brain disruption 

sequence [collapsed skull, overlapping sutures, prominent occiput, and scalp rugae]) 

(Galang et al., 2020). Among case infants meeting the inclusion criteria, we describe 

maternal history of timing and symptoms of ZIKV infection; maternal and infant ZIKV 

testing; CMV, toxoplasmosis, and other testing (i.e., rubella, herpes simplex, and HIV) when 

available; infants’ physical examination findings and imaging studies; and other relevant 

information. Sensitivity (SE) and positive predictive value (PPV) were calculated using CZS 

clinical phenotype as the gold standard for all infants with Zika IgM testing, as well as for 

infants with negative CMV and toxoplasmosis testing.

3 | RESULTS

A total of 325 liveborn infants were identified with Zika-associated birth defects and 

laboratory evidence of possible or confirmed ZIKV infection during pregnancy (Figure 1). 

Of the 325, 15 infants had negative or no maternal ZIKV testing, and 106 had no postnatal 

ZIKV testing. Among those with positive maternal ZIKV testing and postnatal ZIKA testing 

in the infant (n = 204), 172 had Zika IgM testing with negative NAAT or NAAT not 

performed. One hundred and twenty-one infants had negative ZIKV IgM and 51 had positive 

or equivocal ZIKV IgM. Among infants with positive or equivocal ZIKV IgM results, 24/51 

(47%) had negative testing for congenital CMV and toxoplasmosis reported. Among the 

ZIKV IgM negative infants, most lacked sufficient information on CMV and toxoplasmosis 

testing, but 11/121 (9%) had negative testing for CMV and toxoplasmosis.

A review of Zika-associated birth defect cases for the CZS clinical phenotype identified 

33/325 (10%) infants with at least one birth defect considered to be highly specific for 

congenital ZIKV infection meeting our definition for the CZS clinical phenotype. Two of 

these 33 infants (6%) were among the 11 with negative IgM testing for ZIKV and negative 

CMV and toxoplasmosis testing (see Section 4 and Table 1).
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For all infants with ZIKV IgM testing and negative NAAT or NAAT not performed, the 

SE and PPV of ZIKV IgM assay for detecting CZS phenotype was 89% (25/28) and 49% 

(25/51), respectively, while for the infants with negative toxoplasmosis and CMV testing, 

the SE was 87% (13/15) and the PPV was 54% (13/24) (Table 1). Of the 121 infants with 

negative ZIKV IgM testing, 4 received PRNT testing at or around 18 months of age; 3 were 

positive and 1 was negative.

4 | CASE DESCRIPTIONS

Case 1 presented with microcephaly (−4.9 SD), weighed less than the 10th percentile at 

birth, and had cranial anomalies consistent with fetal brain disruption sequence (Figure 2). 

Brain ultrasound showed intracranial calcifications (bilateral cerebral peripheral), cerebral/

cortical atrophy, and ventriculomegaly and the infant had arthrogryposis. Ophthalmologic 

examination showed chorioretinal pigmentary changes and optic nerve hypoplasia. At 2.5 

months of age, the infant had worsening microcephaly with a head circumference of −7.9 

SD, and the infant had developmental delay with hypertonia and spasticity. Vision loss was 

documented on ophthalmologic examination at 5 months.

Mother had reported symptoms clinically compatible with ZIKV disease in the first 

trimester. ZIKV NAAT by PCR in serum was positive and ZIKV IgM was negative in the 

first trimester. Repeat maternal testing at delivery was ZIKV NAAT and ZIKV IgM negative. 

Infant samples taken at delivery were negative for ZIKV IgM and ZIKV NAAT in serum. 

Infant ZIKV NAAT in CSF and urine were negative. Mother tested positive for chlamydia 

(testing type unknown) in the first trimester. She was rubella immune and tested negative 

for the following: syphilis RPR, HIV, gonorrhea, and varicella in the first trimester. CMV, 

toxoplasmosis, and herpes IgM testing in the infant at the day of birth was negative, and 

infant was rubella nonimmune. No PRNT was performed at 18 months of age.

Case 2 presented with microcephaly at birth (−3.5 SD) and brain ultrasound showed 

scattered intracranial calcifications, cerebral/cortical atrophy, and ventriculomegaly (Figure 

2). On ophthalmologic examination, chorioretinal atrophy and scarring, and pigmentary 

mottling were seen. Infant follow-up over the first year of life demonstrated continued 

microcephaly on multiple time points, with a head circumference measurement of −2.6 

SD at 18 months of age, developmental delay, hypertonia, and epilepsy. Head MRI at 11 

months of life showed ventriculomegaly/hydrocephalus and cortical atrophy. Chorioretinal 

pigmentary changes were confirmed at age 16 months with accompanying vision loss.

Mother did not have symptoms clinically compatible with ZIKV infection during pregnancy. 

Routine maternal testing in the first trimester was ZIKV NAAT by PCR positive and ZIKV 

IgM negative. Infant samples taken at delivery were negative for ZIKV IgM in serum and 

NAAT negative for ZIKV in urine and cord blood. Maternal and infant toxoplasmosis and 

CMV testing at delivery were negative. Mother tested negative for HIV and syphilis venereal 

disease research laboratory (VDRL) on the day of delivery. Infant was rubella nonimmune 

on the day of birth. No PRNT was performed at 18 months of age.
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5 | DISCUSSION

Although there have been previous reports of infants with a CZS clinical phenotype but 

without supporting laboratory evidence of ZIKV infection and other similar congenital 

infections ruled out, information about these infants has been limited (de Araújo et al., 

2018; de Melo Espindola et al., 2021; Melo et al., 2016; Pomar et al., 2018; Rodo et al., 

2018). The data in this report support previous observations of a CZS clinical phenotype 

with negative ZIKV IgM, and the two cases in this report provide additional information 

on the CZS clinical phenotype including neurodevelopment as well as testing for ZIKV 

and other congenital infections. The mother of Case 1 had symptoms of ZIKV infection 

in the first trimester and the mother of Case 2 was asymptomatic; routine testing revealed 

both mothers were ZIKV NAAT positive in the first trimester, confirming infection. Infant 

testing of these cases was not supportive of the clinical diagnosis, likely due to clearance 

of ZIKV RNA as well as ZIKV IgM antibodies from infant serum, though issues related 

to test characteristics and performance could have contributed. Neither infant had PRNTs 

performed at 18 months of age. The infants presented with characteristic clinical findings 

of CZS and each had at least one highly specific finding, including cranial morphology, 

consistent with fetal brain disruption sequence (Russell, Weaver, Bull, & Weinbaum, 1984), 

and arthrogryposis in Case 1 and macular and chorioretinal pigmentary changes and scarring 

in Case 2. Neurologic and long-term developmental sequelae were found at follow up 

including continued microcephaly, spasticity, developmental delay, vision loss, and epilepsy.

Overall, SE of ZIKV IgM testing was greater than 85% for detecting infection among 

infants with the CZS clinical phenotype, but PPV was around 50%. Of those with CZS 

clinical phenotype and negative CMV and toxoplasmosis testing, 13% (2/15) were IgM 

negative. For those infants with negative IgM testing, two babies had the CZS clinical 

phenotype; one additional infant also had the CZS clinical phenotype but CMV and 

toxoplasmosis congenital infection could not be ruled out. The two infants described 

above had Zika-associated birth defects consistent with congenital ZIKV infection, but 

the diagnosis could have been missed due to negative infant ZIKV IgM and ZIKV 

NAAT at birth. These findings, coupled with cases from prior reports provide support that 

both laboratory testing, including for other causes, and phenotype characteristics that are 

consistent with Zika infection during pregnancy are important components to the diagnosis 

of congenital Zika infection.

There were several limitations of this study. First, these findings are based on surveillance 

data collected during the 2016 ZIKV outbreak, and a comprehensive evaluation might not 

have been conducted or reported to CDC. Follow-up data were inconsistently reported as 

infants may have moved, did not attend all recommended appointments, or were otherwise 

lost to follow-up. For infants with lack of imaging studies and/or follow-up evaluations 

a clinical phenotype consistent with CZS might not have been identified leading to 

misclassification of some infants. Second, ZIKV testing guidelines and availability and 

characteristics of testing changed during the ZIKV outbreak, and there might have been 

inconsistency in reporting of data across jurisdictions. In some jurisdictions, a PRNT was 

recommended for infants at 18 months who tested negative by ZIKV IgM at birth. Third, 

although the component birth defects in the CZS clinical phenotype have been identified 
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(Moore et al., 2017), the full spectrum of effects of congenital ZIKV infection is still 

being elucidated—in particular the one that includes a less severe phenotype. For the 

purposes of identifying cases for the current report, we considered only the most severe 

CZS clinical phenotype to increase the likelihood of a ZIKV etiology; therefore, it is 

possible that without confirmatory testing we might have missed infants with a less severe 

phenotype. Finally, some of the examination findings in infants born to mothers with ZIKV 

exposure during pregnancy overlap with other congenital infections, most notably CMV and 

toxoplasmosis. In our surveillance systems which are based on medical record abstraction, 

CMV or toxoplasmosis testing was missing from the abstracted records for the majority 

of cases or testing did not consistently indicate whether the specimen was tested for IgM 

or immunoglobulin G (IgG) antibodies; therefore, we could not rule out other congenital 

infections for these cases.

In summary, due to challenges with laboratory testing in infants potentially exposed in utero 

to ZIKV some infants born with maternal evidence of ZIKV infection during pregnancy 

might have negative infant testing. Infants without laboratory evidence of other congenital 

infections but with physical findings consistent with the CZS clinical phenotype, including 

severe microcephaly, subcortical calcifications, macular scarring and focal pigmentary 

retinal mottling, congenital contractures, and marked early hypertonia, may be considered 

to have the CZS clinical phenotype. Infants and children with CZS clinical phenotype 

should be evaluated for the need to receive referrals for a head ultrasound, comprehensive 

ophthalmologic exam, and automated auditory brainstem response, additional consideration 

should be given for evaluation by specialty providers to include infectious disease, 

developmental, and pediatric neurology and additional consultations with other specialists 

based on the infant’s clinical findings (Adebanjo et al., 2017).
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FIGURE 1. 
Flowchart of cases with negative ZIKV IgM testing born to mothers with confirmed ZIKV 

infection during pregnancy and the CZS clinical phenotype from the U.S. Zika Pregnancy 

and Infant Registry and Zika Birth Defects Surveillance. †One infant excluded had the CZS 

clinical phenotype; ‡2 infants excluded had the CZS clinical phenotype; §2 infants excluded 

had the CZS clinical phenotype; ¶48 IgM+, 3 IgM equivocal; ††23 IgM+, 1 IgM equivocal; 
‡‡25 IgM+, 2 IgM equivocal; §§12 IgM+, 1 IgM equivocal; ¶¶11 IgM+, 1 IgM equivocal. 

CMV = cytomegalovirus; CZS = congenital Zika syndrome; IgM = immunoglobulin M; 

NAAT = nucleic acid amplification testing; ZIKV = Zika virus
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FIGURE 2. 
Case descriptions and test results for two infants with birth defects consistent with the 

congenital Zika syndrome clinical phenotype and negative infant ZIKV IgM. CMV = 

cytomegalovirus; HUS = head ultrasound; IFU = infant follow-up; IgM = immunoglobulin 

M; NAAT = nucleic acid amplification testing; OE = ophthalmologic exam; Toxo = 

toxoplasmosis; ZIKV = Zika virus
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