
Medicaid healthcare expenditures for infants with birth defects 
potentially related to Zika virus infection in North Carolina, 
2011–2016

Kristin Bergman1, Nina E. Forestieri1, Vito L. Di Bona2, Scott D. Grosse3, Cynthia A. 
Moore3

1Birth Defects Monitoring Program, State Center for Health Statistics, North Carolina Division of 
Public Health, Raleigh, North Carolina, USA

2Statistical Services Branch, State Center for Health Statistics, North Carolina Division of Public 
Health, Raleigh, North Carolina, USA

3National Center on Birth Defects and Developmental Disabilities, Centers for Disease Control 
and Prevention, Atlanta, Georgia, USA

Abstract

Background: In 2016, Zika virus (ZIKV) was recognized as a human teratogen. North Carolina 

(NC) had no local transmission of ZIKV but infants with relevant birth defects, including severe 

brain anomalies, microcephaly, and eye abnormalities, require specialized care and services, the 

costs of which have not yet been quantified. The objective of this study is to examine NC 

Medicaid healthcare expenditures for infants with defects potentially related to ZIKV compared to 

infants with no reported defects.

Methods: Data sources for this retrospective cohort study include NC birth certificates, Birth 

Defects Monitoring Program data, and Medicaid enrollment and paid claims files. Infants with 

relevant defects were identified and expenditure ratios were calculated to compare distributions of 

estimated expenditures during the first year of life for infants with relevant defects and infants with 

no reported defects.

Results: This analysis included 551 infants with relevant defects and 365,318 infants with no 

reported defects born 2011–2016. Mean total expenditure per infant with defects was $69,244 

(median $30,544) for the first year. The ratio of these expenditures relative to infants with no 

reported defects was 14.5. Expenditures for infants with select brain anomalies were greater than 

those for infants with select eye abnormalities only.

Conclusions: Infants with defects potentially related to ZIKV had substantially higher Medicaid 

expenditures than infants with no reported defects. These results may be informative in the event 

of a future outbreak and are a resource for program planning related to care for infants in NC.
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1 | INTRODUCTION

In 2016, Zika virus (ZIKV) was recognized as a human teratogen, with infection during 

pregnancy associated with severe brain anomalies (Rasmussen, Jamieson, Honein, & 

Peterson, 2016). Infants with these defects may require unique care and access to specialized 

services, the costs of which have not yet been quantified. Numerous studies have examined 

hospital expenditures associated with birth defects diagnosis codes (Arth et al., 2017; 

Basseri et al., 2011; Hook-Dufresne, Yu, Bandla, Imseis, & Moore-Olufemi, 2015; Hsu 

et al., 2021; Moffitt, Case, Farag, & Canfield, 2015; Russo & Elixhauser, 2007; Shewale et 

al., 2019; Simeone et al., 2015). One such study analyzed expenditures for patients coded 

for microcephaly to estimate hospitalization costs following a potential ZIKV outbreak 

(Shewale et al., 2019). Several studies have used birth defects surveillance data linked to 

hospital discharge data to calculate hospitalization-related expenditures for infants with 

selected confirmed birth defects (Peterson et al., 2013; Pinto et al., 2018; Razzaghi, 

Oster, & Reefhuis, 2015; Weiss et al., 2009). Other studies have examined healthcare 

expenditures associated with selected birth defects (most commonly orofacial clefts or 

spina bifida) using health insurance claims data for a single payer (Medicaid), health plan, 

or multiple private payers (Boulet, Grosse, Honein, & Correa-Villaseñor, 2009; Boulet, 

Grosse, Riehle-Colarusso, & Correa-Villaseñor, 2010; Cassell, Grosse, Thorpe, Howell, 

& Meyer, 2011; Cassell, Meyer, & Daniels, 2008; Grosse, Waitzman, Yang, Abe, & 

Barfield, 2017; Ireys, Anderson, Shaffer, & Neff, 1997; Neff, Sharp, Muldoon, Graham, 

& Myers, 2004; Ouyang, Grosse, Armour, & Waitzman, 2007). Studies of all types 

have demonstrated disproportionately greater expenditures for children with birth defects 

compared to unaffected children.

In North Carolina (NC), statewide surveillance efforts during the ZIKV outbreak in the 

Americas included rapid surveillance of all birth defects potentially related to ZIKV, 

regardless of ZIKV exposure. While NC had no localized cases, the availability of data 

from both rapid surveillance and prior routine surveillance of these defects facilitates the 

monitoring of potential ZIKV cases not detected by laboratory testing. These data also 

enable us to examine other health-related outcomes for infants with these conditions, such as 

service utilization and costs to the healthcare system.

This study examines Medicaid healthcare expenditures for infants with birth defects 

potentially related to ZIKV and for infants with no reported birth defects. This examination 

will inform our understanding of the population-level economic burden of this group of 

birth defects. Our primary objectives are to (a) determine the number of recognized birth 

defects potentially related to ZIKV among the NC infant Medicaid population, (b) identify 

demographic and clinical differences between infants with birth defects potentially related to 

ZIKV and infants with no reported birth defects, (c) compare the distributions of estimated 

expenditures during the first year of life for infants with birth defects potentially related to 
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ZIKV and for infants with no reported birth defects, and (d) compare estimated expenditures 

across birth defect categories.

2 | METHODS

Data sources for this retrospective cohort study include NC Birth Defects Monitoring 

Program (NCBDMP) registry data, NC Medicaid enrollment records and paid claims, and 

NC birth certificate records. The NC Composite Linked Birth File, maintained by the NC 

State Center for Health Statistics, consists of all NC-resident birth certificates linked to 

maternal and infant Medicaid paid claims and health department service data. For birth years 

2011–2016, 56.6% of infants were matched to Medicaid records.

This analysis includes NC-resident infants who were continuously enrolled in Medicaid 

during their first year of life and were born in NC between January 1, 2011 and December 

31, 2016 (Figure 1). These data were used because they were the most recent years of 

complete data available. Continuous enrollment was defined as being enrolled in Medicaid 

for at least 11 months (334 of 365 days) during infancy. Infants who died prior to their 

first birthday and infants who were not continuously enrolled in Medicaid were excluded to 

ensure that the sample included infants with a full year of data only.

Infants in the NCBDMP registry with at least one documented British Pediatric Association 

(BPA) code indicating a birth defect potentially related to ZIKV (microcephaly, other brain 

abnormalities, or eye abnormalities) were included. Eligible BPA codes were defined in 

accordance with updated guidance from the Centers for Disease Control and Prevention 

(CDC) as selected brain anomalies with or without microcephaly (<3rd percentile) and 

selected eye abnormalities (Olson et al., 2019) (Table 1). Infants with other birth defects not 

potentially related to ZIKV, such as neural tube defects, were excluded.

All diagnoses were documented in maternal and infant medical records (up to 1 year 

of age) made available to NCBDMP through the Program’s routine surveillance. Trained 

NCBDMP field staff abstracted records and assigned BPA codes. For this analysis, 

diagnostic details for all microcephaly and hydrocephaly diagnoses were reviewed for case 

inclusion. Microcephaly cases were excluded if head circumference measurements at birth 

were missing or greater than the third percentile for the infan’s gestational age and sex 

(based on INTERGROWTH-21st standards; Villar et al., 2014). Hydrocephaly cases noted 

as mild in the absence of other brain anomalies were excluded as well, consistent with the 

CDC’s case definition for ZIKV-related birth defect surveillance.

Demographic and clinical characteristics were examined for infants in the Medicaid 

population with birth defects potentially related to ZIKV compared to infants with no 

reported birth defects. The following variables were obtained from the infant’s birth 

certificate information: maternal age (<20 years, 20–29 years, 30–39 years, or ≥40 years), 

maternal education (<high school diploma, high school diploma or GED, or >high school 

diploma), maternal race/ethnicity (non-Hispanic white, non-Hispanic Black, Hispanic, or 

other), number of living children in addition to the index infant (0, 1, or ≥2), maternal 

marital status (married or not married), initiation of prenatal care in the first trimester 
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(yes, no, or no prenatal care), birthweight, gestational age, infant sex, hospital size (<500, 

500–999, 1,000–1,999, or ≥2000 average births per year), and perinatal care region of 

residence, which represents regional referral networks of perinatal care across the state 

(western, southwestern, eastern, southeastern, northeastern, northwestern). Relationships 

between maternal, infant, and health system characteristics among cases and controls were 

assessed using a chi-square test. A p-value <.05 was considered statistically significant. 

For each of the chi-square statistical tests, infants with missing data were dropped. Infants 

included in the cost analysis had all diagnostic expenditure information available but may or 

may not have had complete data for all demographic variables.

The main outcomes of interest were overall Medicaid expenditures over the first 60 

days of life and overall Medicaid expenditures over the first year of life (365 days). 

Overall expenditures are a composite measure including hospital (inpatient facility) claims, 

outpatient facility claims, professional/physician service claims (including both inpatient 

and outpatient), outpatient drug and pharmacy claims, management fee claims, and any 

other claims not included in these categories. We calculated mean and median expenditures 

along with standard deviations and interquartile ranges. Infants missing information on 

expenditures were excluded.

The Personal Health Care (overall) price index was used to adjust pooled Medicaid 

expenditures to 2016 prices (Agency for Healthcare Research and Quality [AHRQ], n.d.; 

Dunn et al., 2018). Inflation-adjusted total paid claims and categories of inpatient facility 

services (including inpatient pharmacy), outpatient facility services, professional/physician 

services, and outpatient drug/pharmacy paid claims over the first 60 and 365 days of life 

were examined.

Expenditure ratios were calculated to compare mean expenditures for infants with diagnosed 

birth defects potentially related to ZIKV with expenditures for infants who had no diagnosed 

birth defects, for the overall sample and stratified by gestational age (<37 and ≥37 weeks). 

These ratios were evaluated for statistical significance using the Wilcoxon-Mann–Whitney 

test. A p-value <.05 was considered statistically significant.

Mean and median expenditure and range in dollars by claim service category were also 

tabulated for infants with select brain anomalies with or without microcephaly and for 

infants with select eye abnormalities only.

This study was conducted as part of routine surveillance linkages undertaken through an 

interagency agreement between the NC Divisions of Public Health and Health Benefits, and 

determined to be non-research public health surveillance exempt from review by the North 

Carolina Division of Public Health Institutional Review Board.

3 | RESULTS

The analysis included 365,869 NC-resident infants who were born in-state from 2011 to 

2016 and were continuously enrolled in Medicaid during their first year of life. Of these, 

365,318 infants had no birth defect diagnoses and 551 infants had birth defects potentially 
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related to ZIKV. Demographic and clinical characteristics of these two groups of infants are 

displayed in Table 2.

Non-Hispanic white infants made up a greater proportion of infants with birth defects 

potentially related to ZIKV (51.5%) compared to infants with no reported birth defects 

(40.5%). Of all infants with birth defects potentially related to ZIKV, 5.6% were born to 

women with no prenatal care, in contrast to 2.2% of infants with no reported birth defects. 

Of the infants with birth defects potentially related to ZIKV, 32.7% had a gestational age of 

<37 weeks and 31.2% had a birthweight of less than 2,500 g. In contrast, 9.9% of infants 

with no reported birth defects were considered preterm and 9.3% had a low birthweight. 

While most infants in this analysis were born in the largest hospitals (hospitals with at least 

2,000 births per year), a greater proportion of infants with birth defects potentially related 

to ZIKV were born at these hospitals (77.4%) compared to infants with no reported birth 

defects (52.7%).

Mean total expenditure per infant with birth defects potentially related to ZIKV was $34,836 

for the first 60 days (median of $11,192) and $69,244 (median of $30,544) for the first year 

(Table 3). The ratio of mean expenditures during the first year relative to infants with no 

reported birth defects ($4,771) was 14.5. Mean inpatient facility claims per infant with birth 

defects potentially related to ZIKV was 14.2 times that of an infant with no reported birth 

defects during the first 60 days ($28,031 vs. $1,977), and 18.1 times that of an infant with 

no reported birth defects during the first year ($39,156 vs. $2,159). Inpatient facility fees, 

which do not include professional/physician fees for inpatient care, comprised about half of 

total annual expenditures for both groups. Across claim types, expenditure ratios at 60 days 

were similar to expenditure ratios in the first year except for drug/pharmacy, which had an 

expenditure ratio of 2.9 for the first 60 days and 22.4 for the first year.

Mean total expenditure per infant with birth defects potentially related to ZIKV and a 

gestational age of <37 weeks was $93,209 (median of $50,669) for the first year (Table 

4a). The ratio of mean expenditures during the first year relative to preterm infants with 

no reported birth defects ($17,366) was 5.4. For infants with a gestational age of 37 weeks 

or more, the mean total expenditure per infant with birth defects potentially related to 

ZIKV was $57,749 (median of $21,016) for the first year (Table 4b). The ratio of mean 

expenditures during the first year relative to term infants with no reported birth defects 

($3,384) was 17.1.

Mean expenditure per infant with select brain anomalies with or without microcephaly was 

greater across most expenditure categories than the mean expenditure per infant with select 

eye abnormalities only (Table 5). During the first year, mean total expenditure was $74,875 

(median of $32,109) per infant with select brain anomalies with or without microcephaly 

and $46,412 (median of $16,375) per infant with eye abnormalities only. Mean inpatient 

facility expenditure per infant with select brain anomalies with or without microcephaly was 

more than twice that of mean inpatient expenditure per infant with select eye abnormalities 

only ($43,657 vs. $20,907).
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4 | DISCUSSION

In this study, we found infants born in NC during 2011–2016 with birth defects potentially 

related to ZIKV had substantially higher Medicaid expenditures than infants with no 

reported birth defects. A total of 551 eligible infants with relevant birth defects were 

continuously enrolled in Medicaid during this study period. Total expenditures during the 

first year averaged $69,244 per infant, 14.5 times that of infants with no reported birth 

defects. Expenditure ratios ranged from 8.2 to 22.4 across claims categories, consistent 

with other studies comparing infants with birth defects to unaffected infants (Boulet et 

al., 2009; Boulet et al., 2010; Cassell et al., 2008; Cassell et al., 2011; Ouyang et al., 

2007). Inpatient facility claims accounted for the majority of expenditures during infancy, 

followed by professional/ physician services; during infancy most physician claims were 

likely associated with inpatient services. Inpatient and physician claims together comprised 

75% of expenditures during infancy for infants with birth defects potentially related to ZIKV 

and 78% for infants with no reported birth defects. Across most categories, expenditure 

ratios at 60 days were similar to expenditure ratios in the first year of life, except for drug/

pharmacy claims, which were much more likely to occur after the first 60 days. For infants 

with relevant birth defects and infants with no reported birth defects, most expenditures 

during the first 60 days (including the delivery hospitalization) were for inpatient facility 

claims.

Within this population of Medicaid-enrolled infants, there were some differences in 

sociodemographic and clinical characteristics between those with birth defects potentially 

related to ZIKV and those with no reported birth defects. Infants with birth defects 

potentially related to ZIKV were more likely to be born to women with greater than a 

high school education, no other living children, women with no prenatal care or initiation of 

care after the first trimester, and women of non-Hispanic white race/ethnicity. These infants 

were also more likely to be delivered in a larger hospital and were more than three times as 

likely to have been born at low birthweight or preterm. Infants with major birth defects such 

as microcephaly are more likely to be born preterm, with shorter gestation likely resulting 

from the occurrence of a fetal anomaly (Honein et al., 2009).

It is well known that expenditures are typically much higher for infants with low birthweight 

or short gestations (Grosse et al., 2017). In this analysis, we stratified by gestational 

age because higher expenditures associated with major birth defects may be mediated 

by shortened gestations and because gestational age may be an effect modifier of the 

association (Grosse et al., 2017). We found evidence of effect modification, with birth 

defects-related expenditure ratios attenuated among infants born preterm relative to infants 

born at term. Nonetheless, total expenditures were still over five times higher for infants 

with birth defects potentially related to ZIKV who were born preterm compared to infants 

born preterm with no reported birth defects. Among both infants with birth defects 

potentially related to ZIKV and infants with no reported birth defects, expenditures were 

higher for those born preterm.

The results stratified by categories of birth defects potentially related to ZIKV showed 

that infants with select brain anomalies with or without microcephaly had higher medical 
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expenditures during an infan’s first year of life when compared to medical expenditures 

for infants with select eye abnormalities only. These findings suggest that infants with 

select brain anomalies with or without microcephaly require more inpatient care or more 

complex medical procedures during their first year of life compared to infants with select 

eye abnormalities only. This may be because infants with brain anomalies are likely to have 

other comorbidities, such as seizures and difficulty swallowing, that require imaging or other 

tests as well as medical therapies, while infants with eye abnormalities only are managed 

more conservatively during the first year of life.

The study was restricted to infants enrolled in Medicaid and included live births with 

documented diagnoses available to NCBDMP, and NC Medicaid claims data obtained 

for billing purposes only. The use of Medicaid data limits the generalizability of these 

estimates as findings could be different for infants covered by other public insurance 

or private insurance. NC Medicaid expenditures may differ from other state Medicaid 

program expenditures due to variations in Medicaid reimbursement policies and rates. Cost 

categories included in this study differ slightly from those used in previous studies focused 

on Medicaid expenditures within NC (Cassell et al., 2008; Cassell et al., 2011), though 

other studies have examined similar categories of service (Neff et al., 2004). Additionally, 

microcephaly and hydrocephaly inclusion were reliant on physician diagnosis by age one; 

there is a possibility that additional infants with defects eligible for inclusion in this study 

were missed, although defects of this severity would likely be detected early. Infants who 

died prior to age one were also excluded, as full-year expenditures were the focus of this 

study. Studies of costs associated with other neonatal conditions have reported that first-year 

costs may be either higher or lower for decedents than for survivors, depending on the 

level of medical complexity. For example, Phibbs et al. (2019) reported that in California, 

average hospital costs during infancy were substantially higher for survivors than decedents 

for gestational ages under 30 weeks whereas costs were considerably lower for survivors at 

gestational ages greater than 32 weeks. Additional analyses could explore first-year costs for 

decedents excluded from this study.

This study had several strengths, including the use of a population-based cohort of 

Medicaid-enrolled infants linked to birth defects registry data from an active surveillance 

program. The demographic fields describing maternal characteristics in Table 2 are 

drawn from linked birth records, a high-quality data source. Additional record review of 

microcephaly and hydrocephaly cases was conducted to ensure included cases met CDC’s 

definition of brain anomalies with or without microcephaly (<3rd percentile) and eye 

abnormalities which may be potentially related to ZIKV. Over half of all births in NC 

are financed by Medicaid and Medicaid costs accounted for approximately 30% of the 

state budget in 2019 (Kaiser Family Foundation, 2019; Kaiser Family Foundation, 2020). 

In addition to better understanding the ways that maternal and child health are related to 

state finances, studies utilizing Medicaid claims data provide insights into the health care 

utilization and expenditures for some of the most vulnerable Americans.

This study offers a unique insight into NC Medicaid expenditures for infants with the select 

brain anomalies with or without microcephaly and the select eye abnormalities included in 

this study. While NC did not experience any local transmission of ZIKV, this examination 
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broadly informs our understanding of the population-level economic burden of this group of 

birth defects which may be useful in the event of a future outbreak.
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FIGURE 1. 
Flow diagram showing criteria used to identify infants for retrospective cohort study
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