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ORIGINAL RESEARCH

BACKGROUND
Zika virus was declared a public health 
emergency in 2016 when prenatal Zika 
virus exposure was linked to congenital 
defects in newborns, including micro-
cephaly and visual and hearing deficits.1,2 

Approximately 5% of children with lab-
oratory-confirmed Zika virus exposure in 
the United States are born with congenital 
defects.3 An additional 30% of children 
who are born without congenital deficits 
manifest neurodevelopmental deficits in 
early childhood, with language develop-
ment being the most affected.4 As cohorts 
of children with Zika virus exposure dur-
ing the 2015-2018 epidemic are now 
entering school age, recent research has 
identified neurodevelopmental deficits 
in preschool age.5,6 Additional research is 
necessary to define how potential prenatal 
Zika virus exposure affects developmen-
tal outcomes in childhood, especially in 
pregnancies where exposure to mosquitoes 

occurred but no testing for Zika virus was performed.
Most developmental research on Zika virus has focused on 

cohorts in countries with high prevalence and incidence of Zika 
virus or on congenital defects. Zika virus has multiple modes 
of transmission, including (1) transmission from mosquito to 
human, (2) sexual transmission, and (3) vertical transmission 
from mother to child.7 The Centers for Disease Control and 
Prevention (CDC) recommends caution when traveling to areas 
with reported Zika virus infections (both past and current), 
which are countries where there is a high prevalence of Aedes 
aegypti mosquitos.8 Travel to a Zika virus-endemic area(s) during 
pregnancy increases the risk of congenital defects or late-onset 
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neurodevelopmental deficits compared 
to pregnancies with no travel history to 
endemic regions.9,10 Zika virus infection 
is often asymptomatic, even during preg-
nancy, suggesting that pregnant persons 
who travel to endemic regions may have 
no knowledge of a Zika virus infection. 
Fetuses remain at risk for developing defi-
cits independent of the presence of acute 
Zika virus infection symptoms.3 Current 
CDC testing guidelines recommend test-
ing only for symptomatic pregnant women 
after travel to a country with a past or cur-
rent Zika virus outbreak.11 Asymptomatic 
pregnant women do not meet the testing 
criteria despite their fetuses remaining at 
risk for deficits. Defining the incidence 
of neurodevelopmental deficits in this 
unique group of children is important for 
developing travel and testing recommen-
dations during pregnancy and specifying 
which children should receive early intervention. 

This study aimed to investigate the developmental screening 
outcomes of children with a prenatal travel history to Zika virus-
endemic regions during the height of the Zika virus epidemic in 
2015-2018, within a Wisconsin hospital health care system. This 
study utilized electronic health records (EHR) to define maternal 
Zika virus information, developmental screening outcomes, and 
specialist referrals. 

METHODS
A retrospective chart review was conducted to determine how 
travel exposure to a Zika virus-endemic region(s) during preg-
nancy affected developmental screening outcomes. Maternal 
records were obtained from women seen at a Wisconsin maternal-
fetal medicine clinic to evaluate for Zika virus from January 1, 
2015, through December 31, 2018. Cases were defined as chil-
dren with prenatal maternal or partner travel history to a Zika 
virus-endemic region during 2015-2018, based on the CDC clas-
sification.8 Cases were removed from the study based on the fol-
lowing exclusion criteria: (1) no record of delivery in the same 
Wisconsin health system, (2) travel history prior to pregnancy, (3) 
multiple births, and (4) potential Zika virus exposure unrelated to 
travel (Figure 1). We identified matched-control offspring based 
on gestational age (+/- 1 week) and birth date (+/- 1 birth month) 
using PeriData.Net, a comprehensive birth registry that provides 
birth-level data (Ancilla Partners, Inc, Milwaukee, Wisconsin). 
After matching, cases and controls were excluded based on the 
following criteria: (1) duplicate assignments in the case/control 
group, (2) children with diagnosed genetic disorders, (3) controls 

Women seen at a Wisconsin 
maternal fetal medicine clinic for 

potential Zika virus exposure 
(n = 344)

Excluded cases (n = 158)
• No record of delivery (n = 42)
• Travel prior to pregnancy (n = 113)
• Multiple births (n = 2)
• Exposure not related to travel (n = 1)

Excluded Controls (n = 14), Cases (n = 5), 
• Duplicate case-control match: Controls (n = 5), Cases (n = 5)
• Infants born with genetic disorders: Cases (n = 0), Controls (n = 2)
• Controls with multiple births (n = 6)
• Controls with travel to Zika-endemic region during pregnancy (n = 1)

Cases with confirmed delivery
record and maternal or partner 

travel during pregnancy (n = 186)

Identified matched controls 
based on gestational age and 

birth date with delivery at 
Wisconsin hospital (n = 186)

Controls: No known travel to Zika 
virus-endemic region (n = 172)

Cases: Maternal or partner travel 
to Zika-endemic region (n = 181)

Figure 1. Exclusion and Inclusion Criteria

with multiple births, (4) controls with maternal or partner travel 
history to a Zika virus-endemic region. After all exclusion criteria 
were considered (Figure 1), 181 cases and 172 controls were avail-
able for study. This chart review was approved by the UnityPoint 
Health Meriter Institutional Review Board (#2019-024). Data 
from children’s EHRs were extracted from birth until 7 years of 
age or April 1, 2023.

The EHR provided demographic and socioeconomic informa-
tion, Zika virus testing, travel history, and birth and developmental 
outcomes. Paper records from the maternal-fetal medicine clinic 
provided supplemental travel information, including travel con-
tinent, potential paternal travel, any acute Zika virus symptoms, 
estimated trimester of exposure, and confirmed test results. The 
University of Wisconsin-Madison Clinical and Health Informatics 
Institute was used to identify maternal demographic informa-
tion, type of delivery, and birth measurements. ZIP codes were 
obtained from the maternal EHR in January 2024 (due to the 
absence of maternal ZIP codes in the delivery records). The dis-
tribution of health services across urban and rural areas is known 
to affect health outcomes.12 To account for the impact of socio-
economic status on developmental outcomes, maternal ZIP codes 
were assigned a rural or urban status using the Health Innovation 
Program’s Zip Code Toolkit.13  

Multiple variables were obtained to compare birth and devel-
opmental outcomes between groups. These included delivery 
type, sex, gestational age at birth, Apgar scores, birth measure-
ments, documentation of potential Zika virus exposure, special-
ist referrals, and developmental screeners including the Ages 
and Stages Questionnaire-version 314 (ASQ-3) and Modified 
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Checklist for Autism in Toddlers-Revised15 (MCHAT-R). The 
ASQ-3 is a screening tool to measure developmental milestone 
attainment, and MCHAT-R is a screening tool for identifying the 
risk of autism spectrum disorder. ASQ-3 outcomes were docu-
mented at 9, 18, and 24 months across 5 areas of development 
(communication, fine motor, gross motor, personal social, and 
problem-solving). They were interpreted as on schedule (within 1 
SD), monitor (between 1 and 2 SD), or further assessment needed 
(>2 SD) per  ASQ-3 guidelines. The MCHAT-R was documented 
at 2 time points (16-21 months and 22-30 months of age), with 
total scores categorized as no further action (0-2 score), additional 
screening needed (3-7 score), or refer to specialists (8-20 score). 

We evaluated referrals to multiple pediatric subspecial-
ties, therapies, and early intervention (Wisconsin Birth to 3 
Program16) because diagnoses related to developmental deficits 
or complications from congenital Zika virus infection may be 
evaluated by all of these specialties. Referrals to dentists, der-
matologists, rheumatologists, and allergists were excluded as 
these specialties were not determined to help evaluate or man-
age developmental outcomes. Specialists also were excluded if 
the frequency was reported less than 5 times across both cases 
and controls. Search terms to identify the frequency of special-
ists were “consult” or “referral” in the chart. Before calculating 
the referral rate, charts with EHR visits documented after birth 
hospitalization were included, indicating they were still engaged 
in the health care system. 

Study data were collected and managed using Research 
Electronic Data Capture (REDCap) tools hosted by the 
UW-Madison School of Medicine and Public Health.17,18 All 
data were verified for accuracy by the co-first authors. Statistical 
analyses were conducted using SAS software, version 9.4 (SAS 
Institute; Cary, North Carolina). Demographic characteristics 
were compared between cases and controls using chi-square analy-
sis for categorical characteristics or the nonparametric Wilcoxon 
rank sum test for characteristics measured on a quantitative scale. 
Referral rates by specialists were compared between cases and 
controls using a chi-square or Fisher exact test. Analogously, the 
MCHAT-R and ASQ-3 categories were compared using a chi-
square test or Fisher exact test for each area of development and 
time point. All reported P values are 2-sided, and P < 0.05 was 
used to define statistical significance. 

RESULTS
We investigated both maternal and partner travel (due to sexual 
transmission of Zika virus) because paper records did not explic-
itly outline who traveled. Solely partner travel was indicated in 11 
paper charts (6.07%). Partner travel was included in the country 
of travel but was excluded from the travel duration and trimester 
of travel (Table 1). Most prenatal Zika virus-endemic travel his-
tory occurred within North America followed by South America, 
with specific countries outlined in Supplemental Table 1. The 

mean maternal travel duration was 39.5 days (median = 8 days), 
which was skewed since 13.5% of maternal travel had periods of 
≥ 30 days. The majority of reported travel was during the first tri-
mester (81.8%), followed by the second (27.1%) and third tri-
mesters (9.4%); 11.6% reported travel occurred across multiple 
trimesters. Records did not include activities during travel, so it 
is unclear what mosquito exposures were encountered. In total, 
56.4% of maternal cases received Zika virus testing. Just over half 
of the pregnant women had Zika virus IgM testing, and fewer 
were tested by polymerase chain reaction (PCR) or plaque reduc-
tion neutralization test (PRNT). Only 10.5% of maternal cases 
reported symptoms consistent with acute Zika virus infection, 
including rash, acute conjunctivitis, headache, arthralgia, myalgia, 
and fever. Of the symptomatic maternal cases, 63.2% received 
testing. One maternal case had a positive Zika virus result, and the 
infant born had multiple comorbidities at birth (including imper-
forate anus, congenital rectovaginal fistula, and caudal regression 
syndrome); however, no infant medical records after birth were 
available. 

Comparison of the maternal cases and matched controls dem-
onstrates similarity in variables, such as maternal age and rural/
urban location (Table 1). More cases than controls had an ethnic-
ity or race defined as “Other” (P = 0.002) or reported “Hispanic 
or Latino” (P = 0.001) in the maternal health record. Immediate 
delivery and birth outcomes, including delivery type, infant sex, 
gestational age, Apgar scores, and measurements, did not differ 
between cases and controls. Only 4 of the 181 child cases had 
potential Zika virus exposure included in their problem list. 

Developmental screening test results were evaluated to define 
whether prenatal travel history increases the likelihood of poor 
performance on standardized screening tests. Results from the 
MCHAT-R were reported in 45.3% to 56.4% of cases and 41.3% 
to 41.9% of controls across all timepoints (Supplemental Table 
2). At the 16- to 21-month timepoint, more cases (11%) scored 
in the “additional screening needed” category compared to con-
trols (0%, P = 0.0038) (Supplementary Table 4). However, at 
22 to 30 months administration, there were no significant dif-
ferences between the MCHAT-R assessment results for cases and 
controls (Figure 2). Overall, the majority of children scored in 
the “no further action” category in both groups and time points. 
The ASQ-3 was reported in 34.8% to 39.8% of cases and 35.4% 
to 39.5% controls (Supplemental Table 2) across all timepoints. 
There were limited significant differences between the cases and 
controls in ASQ-3 scores across 9, 18, and 24 months (Figure 2, 
Supplemental Table 3). The only significant ASQ-3 difference was 
in the 18-month problem-solving domain, with more cases (6.3%) 
performing in the monitor zone compared to the controls (0%, 
P = 0.045). Overall, the ASQ-3 (24 months) and MCHAT-R (22-
30 months) at the latest timepoint revealed that the majority of 
children, regardless of prenatal travel history, perform within the 
expected range (Figure 2). 
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		  Controls	 Cases	 P value
		  (n = 172)	 (n = 181)

Travel and Exposure Information

Travel continent,a n (%)	
	 North America	 –	 152 (84.0)	 –
	 South America	 –	 20 (11.0)	 –
	 Europe	 –	 0 (0)	 –
	 Africa	 –	 4 (2.2)	 –
	 Asia	 –	 11 (6.1)	 –
	 Oceania	 –	 2 (1.1)	 –
Travel durations,b no. days	
	 Mean (SD)	 –	 39.5 (145.6)	 –
	 Median	 –	 8	 –
Trimester with travel history recorded,c no. days	
	 1st trimester	 –	 139 (81.8)	 –
	 2nd trimester	 –	 46 (27.1)	 –
	 3rd trimester	 –	 16 (9.4)	 –
Maternal Zika symptoms, n (%)	
	 Any reported symptom(s)d	 –	 19 (10.5)	 –
	 Rash	 –	 3 (1.7)	 –
	 Acute conjunctivitis	 –	 2 (1.1)	 –
	 Headache	 –	 6 (3.3)	 –
	 Arthralgia	 –	 7 (3.9)	 –
	 Myalgia	 –	 9 (5.0)	 –
	 Fever	 –	 7 (3.9)	 –
	 Zika virus testing performede/symptomatic	 –	 12/19 (63.2)	 –
	 mothers
Tests performed, n (%)	
	 Zika virus testing performede		  102 (56.4)	
	 IgM	 –	 99 (54.7)	 –
	 PCR	 –	 29 (16)	 –
	 PRNT	 –	 1 (0.6)	 –
Maternal Zika symptomatic, n (%)	
	 Unknown	 –	 5 (2.8)	 –
	 Zika positive test, n	 –	 1f	 –

Table. Maternal and Infant Demographic and Exposure Information

		  Controls	 Cases	 P value
		  (n = 172)	 (n = 181)

Maternal Demographics

Maternal race and ethnicity, n (%)	
	 White	 120 (69.8)	 125 (69.1)	 0.972
	 Black (African American)	 12 (7.0)	 7 (3.9)	 0.290
	 Asian	 21 (12.2)	 12 (6.6)	 0.106
	 Other	 13 (7.6)	 35 (19.3)	 0.002
	 Hispanic or Latino	 14 (8.1)	 44 (24.3)	 < 0.001
	 Unknown or not reported	 5 (3.0)	 1 (0.6)	 0.113
Maternal age at birth, mean (SD)	
	 Years	 30.7 (5.0)	 31.6 (5.7)	 0.175
Maternal socioeconomic status, n (%)	
	 Rural	 32 (19.3)	 30 (16.9)	 0.559
	 Urban	 134 (80.7)	 148 (83.1)

Birth Outcomes

Delivery type, n (%)	
	 Vaginal	 131 (76.2)	 128 (70.7)	 0.247
	 Cesarean birth	 41 (23.8)	 53 (29.3)	
Infant sex, n (%)	
	 Male	 84 (48.8)	 87 (48.1)	 0.561
	 Female	 88 (51.2)	 94 (51.9)	
Gestational age at birth, mean (SD)	
	 Weeks	 39.16 (8.2)	 39.24 (10.6)	 0.175
Apgar scores, mean (SD)	
	 1-minute	 8.2 (1.3)	 8.0 (1.7)	 0.643
	 5-minute	 8.8 (0.6)	 8.7 (1.1)	 0.232
Birth measurements, mean (SD)	
	 Head circumference (cm)	 34.6 (4.7)	 34.2 (2.0)	 0.643
	 Length (cm)	 50.8 (3.5)	 51.3 (2.6)	 0.250
	 Weight (kg)	 3.4 (0.5)	 3.4 (0.5)	 0.310

Infant Record Information
Problem list includes prenatal history of potential Zika virus exposure, n (%)		
	 “Zika virus exposure” or “potential Zika” 	 –	 4 (2.5)	 –
	 virus exposure"

Abbreviations: IgM, immunoglobulin M; PCR, polymerase chain reaction; PRNT, plaque reduction neutralization tests.
aSome women disclosed travel to multiple countries, so the sum of all women at each travel location does not equal the sample size. Partner travel was included in the 
travel destination. We were unable to differentiate travel from immigration status using medical records. 
bTravel duration includes time in the country by maternal travel dates. Unable to capture travel duration for 26 records and charts solely with partner travel were addi-
tionally excluded from the calculation. The final sample size was 143.
cSome women reported travel across multiple trimesters, so the sum of all women with travel does not equal the sample size. Charts solely with partner travel were 
excluded from the calculation (n = 170).
dNumber of women with 1 or more symptoms consistent with acute Zika virus infection.
eThe number of women with any Zika virus test (IgM, PCR, PRNT, and/or unknown) performed.
fZika positive case (n = 1) by IgM enzyme-linked immunoassay and PRNT.

Rates of referrals to specialists were evaluated as a proxy 
marker of clinician or parental concern for additional special-
ized evaluation. The number of children included in this “spe-
cialist referral rate” evaluation is smaller because fewer children 
in both groups had medical visits documented after the birth 
hospitalization (Figure 3A). Overall, 48.1% of cases and 49.0% 
of controls were referred to at least 1 specialist. There were no 
significant differences between cases and controls in the referral 
rate to multiple specialists (Figure 3). However, there was a trend 

for more cases (20%) than controls (12%) having referrals to 
the Wisconsin Birth to 3 Program (P = 0.058). We also evalu-
ated whether children were referred appropriately after receiv-
ing scoring in the “further assessment needed” category on the 
ASQ-3. There were similar referral rates for both the cases and 
controls. Combining cases and controls, zero referrals were made 
at 9 months and only 40% to 60% of children received a refer-
ral at 18 months (P < 0.001) or 24 months (P = 0.003) when a 
referral was recommended by ASQ-3 screening (Supplemental 
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Table 5). In summary, there were no differ-
ences in referrals to pediatric subspecialties 
and therapies, but many children were not 
referred appropriately to specialists after 
receiving a score indicating further assess-
ment needed on the ASQ-3 developmental 
screening test.

DISCUSSION
This retrospective case-control study iden-
tified children in Wisconsin who had 
maternal or partner travel during preg-
nancy to Zika virus-endemic areas during 
2015-2018. This study found that 56.4% 
of maternal cases received Zika virus test-
ing during pregnancy, and only 1 pregnant 
woman tested positive. We found similar 
developmental screening and referral out-
comes between the travel-exposed cases 
and matched controls.	

We found no differences in develop-
mental screening outcomes between the 
cases and controls up to 30 months of age. 
However, our evaluation of developmen-
tal screening tests is limited because there 
are no standardized developmental screen-
ing tests for school-age children during their well-child visits.19 
Current American Academy of Pediatrics (AAP) guidelines recom-
mend screening at 9, 18, and 24 or 30 months during well-child 
visits.20,21 Because new deficits emerge – specifically in executive 
function and emotional regulation – in school-age children with 
prenatal Zika virus exposure,5,6 our finding that developmental 
screening results were similar between cases and controls only 
applies to up to 30 months of age. Families and clinicians should 
obtain specific developmental evaluations if there are concerns 
during the preschool and elementary school years.

We also found that more cases than controls tended to receive 
referrals for early intervention services (Birth to 3 Program). 
While not statistically significant, the trend is meaningful because 
it suggests that early intervention services may be needed more 
commonly by children with potential prenatal Zika virus expo-
sure. We also found that many children are still not referred when 
developmental concerns are identified.22 None of the infants in 
either group were appropriately referred to specialists at 9 months 
of age when they received a low developmental screening score, 
and only half were appropriately referred at a later age. For suc-
cessful intervention, it is crucial that children are referred for spe-
cialty care after scoring low on screening tests. This may reflect the 
physicians and caregivers opting to use a “wait and see” approach, 
disregarding AAP recommendations that all children be referred 
after a low score.20 

Figure 2. Standardized Developmental Screening Tests
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Accurately diagnosing maternal Zika virus infection is challeng-
ing, and better diagnostics need to be developed. Only 1 pregnant 
woman had a positive Zika virus test in our chart review. This may 
reflect the true maternal infection rate or could reflect the inaccu-
racy of tests done outside of the targeted test range.11,23 Developing 
better tests to diagnose maternal Zika virus infection is critical as 
children remain at equal risk for developmental deficits whether 
maternal cases are symptomatic or asymptomatic.3  

There was inadequate documentation in the EHR stating that a 
child was exposed to Zika virus. Our study identified only 4 chil-
dren’s charts with “potential Zika virus exposure” listed. This may 
be the result of the lack of an appropriate ICD-10 (International 
Classification of Diseases, 10th Edition) code at this date.24 Improving 
documentation within the EHR is one approach to alert all future 
medical providers that a child is at risk for developmental deficits. 
Creating better documentation of prenatal travel history in the 
child’s EHR can support the identification of children who could 
benefit from appropriate referrals so that early referral rather than 
a “wait and see” approach is used.

Limitations
Even though there were limited differences, there are multiple 
limitations that may have prevented early identification of chil-
dren with developmental deficits in this chart review. The main 
limitation is that we could not determine whether any of these 
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infants were exposed to Zika virus pre-
natally because (1) travel does not inher-
ently equate to Zika virus exposure, (2) 
different travel activities may have differ-
ent risk (eg, cruises and high altitudes), 
and (3) there are lower rates of Zika virus 
transmission by sexual contact compared 
to mosquito exposure. Additionally, we 
could not determine whether the testing 
was performed within the targeted test 
range (within 3 weeks of exposure for the 
Zika virus PCR and 3 months of expo-
sure for Zika virus IgM) given the lack 
of specific dates available in this chart 
review. If done within the targeted time 
period, serology testing has a sensitivity 
of approximately 75% to 90% depend-
ing on the test provided, with PRNT 
being the most sensitive and IgM being 
the least sensitive.25 Another limitation of 
our developmental screening test evalua-
tion is that results were not available for 
many children at later time points, per-
haps because screening tests were delayed 
or canceled during the COVID pandemic 
As a result, children with possible prena-
tal exposure may still be at a high risk of 
developmental deficits and there is a need 
for better referrals and documentation in 
health record systems.  

CONCLUSIONS
Zika virus is likely to reemerge and cause 
future epidemics.26 Although we found no 
screening test differences between the chil-
dren born to mothers with and without a 
travel history, there is a need to continue to monitor children born 
after prenatal Zika virus exposure. Monitoring children can be 
achieved with better documentation of prenatal Zika virus expo-
sure in the child’s medical record, use of standardized develop-
mental screening tools at every recommended well-child visit, and 
referral when developmental screening test scores are low rather 
than waiting to see if the problem improves. The increased rate of 
referrals to the Wisconsin Birth to 3 Program seen in the children 
with prenatal travel history is interesting and warrants further 
evaluation to see the program was more heavily utilized following 
the Zika virus pandemic. 
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Controls: No know travel to Zika 
virus-endemic region (n = 172)

Cases: Maternal or partner travel to 
Zika virus-endemic region (n = 181)

Referral to specialist
•	 No encounters at hospital system after 	
	 birth: Cases (n = 21), Controls (n = 23)

Controls (n = 149) Cases (n = 160)

Figure 3. Referral Rate by Specialist
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Case (n = 160)

Control (n = 149)

A) Final sample of children that had medical visits after the birth hospitalization and were included in the 
count for specialist referrals. 
B) Percent referrals were calculated using the total number of referrals per group divided by the denomina-
tor for cases (n = 160) and for controls (n = 149), ordered from the most common to least common.
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