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Abstract

Indiana, located in the Midwest region of the United States, faces significant challenges with
respect to health, especially maternal and child health (MCH). These challenges include high rates
of stillbirth, neonatal abstinence syndrome (NAS) and congenital syphilis (CS). Not only are these
often-fatal conditions underreported, but it can also be difficult to track them longitudinally, as
mothers and infants are not routinely linked through electronic health records (EHRs). This paper
describes the process, structure and planned outcomes of a partnership between Indiana University,
Regenstrief Institute and public health partners in support of the U.S. Centers for Disease Control
and Prevention’s Pregnant People-Infant Linked Longitudinal Surveillance (PILLARS) program.
Together, academic, clinical and public health organisations are collaboratively developing an
infrastructure and deploying novel methods to surveil stillbirth, CS and NAS longitudinally. The
infrastructure includes: (a) deploying deterministic and probabilistic algorithms to link mothers and
their infants using multiple, linked data sources; (b) creating and maintaining a registry of maternal-
infant dyads; (c) using the registry to perform longitudinal surveillance in collaboration with Indiana
public health authorities on stillbirth, NAS and CS and (d) translating information from surveillance
activities into action by collaborating with public health and community-based organisations to
improve and implement prevention activities in vulnerable Indiana communities. Our long-term goal
is to improve outcomes for these conditions and other priority MCH outcomes by expanding our
work to additional MCH use cases.
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Introduction

Indiana, located in the Midwest region of the United States,
faces significant health challenges, especially related to
maternal and child health (MCH). The state ranks 35th of
50 states in overall health and has the 10th highest rate of
infant mortality in the country, with 6.5 infants dying for
every 1,000 live births [1]. Not included in these statistics
are stillbirths, or foetal deaths after 20 weeks of gestation,
for which Indiana ranks second. Overall, Indiana experiences
about 500 stillbirths, or 6.09 foetal deaths/1,000 births,
every year. Prior work has demonstrated that stillbirths are
often underreported in Indiana; this applies especially to
early stillbirths, or foetal deaths before 27 weeks gestational
age [2].

After birth, infants in Indiana are likely to have other
life-altering diagnoses. They are more likely to be born with
congenital conditions, such as congenital syphilis (CS), than
infants in other states. Babies infected with CS suffer in
the immediate postpartum; they can have spleen and liver
damage, jaundice and meningitis. When left untreated during
pregnancy, 40% of these babies are either stillborn or die
shortly after birth. Perinatal testing is critical for prevention,
yet studies show that perinatal syphilis testing in Indiana
does not consistently meet U.S. Centers for Disease Control
and Prevention (CDC) guidelines [2, 3]. Despite this lack of
testing, CS cases in Indiana more than doubled from 2020 to
2021, suggesting an even greater problem than is evident in
the data.

Another common postnatal diagnosis for infants born in
Indiana is Neonatal Abstinence Syndrome (NAS). High rates
of NAS in Indiana result from a statewide acute substance
use problem; NAS occurs when infants are born substance-
exposed to opioids, benzodiazepines and barbiturates. NAS
can result in low birthweight, seizures, skin conditions,
jaundice, breathing problems and issues with infant feeding.
Our prior work shows that seven out of every 1,000 babies
born in Indiana are diagnosed as substance-exposed or with
NAS, ranking 22nd out of 50 states for NAS diagnoses at
birth [4].

To improve longitudinal surveillance of mothers and
infants with these conditions, a team from the Indiana
University Fairbanks School of Public Health and the
Regenstrief Institute in Indianapolis are in the first year of
a four-year cooperative agreement with the CDC’s Pregnant
People-Infant Linked Longitudinal Surveillance (PILLARS)
program. Participation in this program will allow Indiana
to strengthen its public health information infrastructure to
impact MCH in the long-term [5]. Specifically, participation
will enhance and expand statewide surveillance efforts
to capture infant exposures and outcomes and translate
maternal and infant data into action with community
partners who work with vulnerable mothers and their
infants.

This paper describes the process, structure and planned
outcomes for the partnership between Indiana University/
Regenstrief Institute and the CDC’s PIILLARS program.
By sharing information about this collaboration, we hope
to provide a model for other jurisdictions interested in
longitudinally surveilling mothers and their infants.

Context for mothers-infant linked
surveillance

In the United States, interoperability of electronic health
record (EHR) systems varies from state to state, and often
from region to region within a state [6]. Despite its dismal
health statistics, Indiana has one of the most connected health
systems in the U.S., with a statewide health information
exchange (HIE) that includes data sharing among clinics,
hospitals and public health [7, 8]. To date, MCH surveillance
has not been conducted systematically in Indiana, nor has the
state utilised its robust information infrastructure to its fullest
extent. Instead, maternal-infant surveillance is siloed across
state and local initiatives. Until now, the state has not used
the HIE specifically to support systematic MCH surveillance or
prevention. Participation in the PILLARS program gives the
State the opportunity to increase capacity, surveillance and
overall health of Indiana mothers and babies.

Infrastructure and approach to
maternal and child health surveillance

Aims

Through this surveillance project, we aim to do the following:
(1) Implement and improve an algorithm to link mothers
and their infants across multiple, linked data sources; (2)
Create and expand a registry of mother-infant dyads that
includes pre-, perinatal and infant health records; (3) Use
the integrated registry to perform longitudinal surveillance on
stillbirth, NAS and CS and (4) Collaborate with public health
and community-based organisations to implement prevention
activities in vulnerable Indiana communities.

Target populations

The primary target population for this surveillance project
is all mothers who gave birth in Indiana hospitals from 1st

January 2020 to 31st December 2026. Our initial surveillance
efforts focus on Marion County, Indiana, as it is the largest
county and registers the most births (∼14,000/year) [9].
Marion County also has some of the highest rates of stillbirth,
NAS and congenital syphilis cases in Indiana and the nation
(see Figure 1). Marion County is also diverse. For example,
Black populations account for 29.6% of city-county residents
compared to 10% in the state. Marion County also has growing
populations of Hispanic, Burmese, Haitian and other diasporic
populations. As the project moves forward, we intend to
expand our efforts statewide. This will become possible as
new data sources are integrated and as public health agencies
make progress with data modernisation efforts supported by
the CDC.

Because certain exposures exacerbate some MCH
conditions, we will use our registry to examine equity for
specific populations known to be at increased risk in Indiana.
For example, non-Hispanic Black babies in Indiana are more
than twice as likely to die by age one than their White
counterparts, and Black mothers suffer stillbirth at twice the
rate of White mothers [10]. For late-term stillbirths, Black
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Figure 1: Map of Indiana with Marion County highlighted

race, low education, unmarried status and rurality carry the
highest risk. Black babies are more likely to be diagnosed with
NAS as Black mothers are less likely to be treated for Opioid
Use Disorder (OUD) during pregnancy [11]. And throughout
the state, rural populations are disproportionately affected by
opioid use and addiction, with urban populations experiencing
the lowest rates of injection drug use compared to rural and
mixed rural/urban areas [12]. Black mothers in Indiana are also
significantly less likely to be tested for CS during pregnancy.

Partners

Linking the EHRs of mothers and their babies requires
participation from multiple institutional, state and local
entities. This section describes key players in our surveillance
efforts (see Figure 2). Two institutions serve as host sites.
The first is Fairbanks School of Public Health (FSPH) at
Indiana University Indianapolis (IU). The second institution is
the Regenstrief Institute (RI), a research organisation closely
affiliated with Indiana University. Project management staff
and data analysts for this project are based at RI and many
of the study investigators have joint appointments at RI in
addition to IU.

Three primary organisations build this project’s informatics
operations. The non-profit Indiana Health Information
Exchange (IHIE) operates Indiana’s robust and extensive HIE.
IHIE’s purpose is to improve the accessibility and efficiency
of healthcare information for the entire State of Indiana.
Next, Regenstrief Data Services (RDS) is a service that
the Regenstrief Institute provides to researchers in building

datasets. Analysts at RDS serve as the honest data brokers
for the Indiana Network for Patient Care (INPC), the data
repository that powers the IHIE. INPC houses EHR data
of over 25 million patients from over 100 separate Indiana
healthcare entities [6]. IHIE manages INPC and RDS is the
custodian of its data when used for research.

PILLARS in Indiana would not be possible without data
and support from government agencies. At the state level, the
Indiana Department of Health (IDOH) is an accredited state
public health department and provides data such as newborn
screening and vital records [13]. MCH is a key component of
its strategic plan with focus on reduction of maternal and
infant mortality. Locally, the Marion County Public Health
Department (MCPHD) contributes data and support as a goal
of the PILLARS project is to focus on vulnerable populations.
MCPHD is the largest local health department in Indiana,
serving Indianapolis and associated municipalities and has a
rich history of engagement in MCH-related programs. Both
public health partners will be integral in helping to translate
registry data results into prevention and treatment programs
for mothers and their babies.

Data sources

Although RDS has access to extensive EHR data of many
mothers and babies through the INPC, it does not cover the
entire state and can be incomplete. We must supplement EHR
records with state and other administrative data. Similarly,
administrative data is also often incomplete and does not
guarantee a direct path to the person who gave birth,
nor does it paint the full picture of the mother’s health
status and prenatal health care utilisation. Our registry
necessitates additional types of data. IDOH contributes birth
certificate data as well as newborn screening (NBS) data
to the INPC. These data are routinely captured by birth
registrars and hospital systems across Indiana. IDOH also
contributes data from the Indiana Birth Defects and Problems
Registry (IBDPR). State law requires healthcare providers to
notify the IBDPR when a child is born with a birth defect so
this data may contain information about key exposures.

Finally, our project uses Medicaid data to augment
information from the INPC. As the U.S. does not have
universal health insurance, Medicaid is government health
insurance for adults and children with low incomes. Integrating
this data will bring dyads into the registry that may have
been excluded for not seeking care at one of the INPC health
systems. Many of these dyads will be rural, at some distance
from Indianapolis, and include dyads commonly at risk for
health inequities.

Case definitions

Our case definitions for stillbirth, NAS and CS cases correlate
with those used by the CDC and other states/participants in
this cooperative agreement. We use the definition from the
United States National Center for Health Statistics (NCHS)
to identify stillbirth [14]. In short, a case involves foetal death
at 20 weeks of gestation or greater if the dates are known, and
if not, at 350 grams of weight or greater. Foetal death must
be verified from foetal death certificates and at least one other
source such as medical records.
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Figure 2: Organisational chart detailing partner organisations and collaborators

We identify cases of NAS using standardised criteria
from the United States Council of State and Territorial
Epidemiologists (CSTE) [15]. In brief, cases are categorised
hierarchically as Tier 1 or Tier 2 cases. Tier 1 cases are those
identified from clinical records and are the preferred way to
identify cases as they use higher standards of sensitivity and
specificity. This includes a need for laboratory evidence of
circulating drug metabolites in the neonate. Tier 2 cases are
those identified from administrative databases. Tier 2 cases
contain greater variability in the quality of criteria used; this
includes explicit mention of an NAS diagnosis or implicit
description of clinical symptoms of withdrawal.

Finally, we identify CS using standardised maternal and/or
congenital criteria from the CSTE [16, 17]. These criteria
are flexible given the variable nature of testing protocols and
clinical manifestations of syphilis. Broadly speaking, an infant
case should have laboratory evidence of treponemal infection
and/or consistent physical findings such as an ulcerative lesion
or inflammation of the long bones. A maternal case should also
involve a combination of laboratory findings and/or physical
findings during pregnancy.

Capacity Building

The data architecture for the registry is depicted in Figure 3.
Regenstrief Institute aggregates and links the following data:
(a) Indiana Network for Patient Care (INPC) data, including
lab reports, autopsy reports, EHRs and medication records;
(b) Indiana Medicaid data and (c) Indiana Department of
Health data from the birth defects registry, newborn screening
and vital records. These linked data of mothers (in the case
of stillbirth), mothers (when able to be linked to children),
and the children themselves are de-identified by removing
personally identifiable information (PII) like name, address,
phone number and medical facility name and loaded into

a registry (database) and stored in a secure computing
environment, with outputs delivered to CDC, MCPHD, IDOH
and Regenstrief researchers.

To link mothers with infants/children accurately, we will
employ advanced informatics methods. IU and Regenstrief
currently lead the Maternal and Pediatric PRecisioN In
Therapeutics (MPRINT) Hub, a national resource funded
by the National Institutes of Health (NIH), for expertise in
maternal and paediatric therapeutics [18]. This team has
developed initial, deterministic algorithms for linking mothers
to infants. Regenstrief has deployed these algorithms within its
infrastructure and, in parallel, is continuing work to develop
probabilistic algorithms for use in the future. While many
variables will be able to be directly drawn from existing
structured data elements in the INPC, some will need to
be obtained through extracting unstructured data via natural
language processing methods or manual abstraction (e.g.
pathology reports, social factors, physical exam findings,
developmental screenings, etc.). This is work that will be
enhanced by the PILLARS project.

The current, deterministic algorithm has created an initial
set of more than 800,000 dyads for use by the registry. A
probabilistic linkage algorithm remains under development
with a preliminary F-measure (calculated based on precision
and recall) of 0.77 (where 1.0 is perfect) for mothers linked
to infants [19]. Working with the Regenstrief team, we plan
to refine the probabilistic algorithms to improve performance
and deploy for use by the registry in the future. Specifically,
we aim to increase the F-measure to >0.90 using available
data and efforts from our technical team to enhance the
weighting of specific data fields. The enhanced algorithm will
then be deployed in future years to improve accuracy, enabling
expanded surveillance of dyads.

Once linked, RDS data analysts extract data from the
mother’s EHR and other information for inclusion in the
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Figure 3: Data flow chart for construction of registry

registry. We capture data on prenatal care, perinatal physical
health diagnoses (preeclampsia, gestational diabetes) and
perinatal mental health diagnoses (substance abuse disorder,
depression and anxiety). Data from NBS and IBDPR as
well as clinical diagnoses enable comprehensive capture
of conditions such as hemoglobinopathies (e.g. sickle cell
anaemia), endocrine disorders, amino acid disorders and other
conditions (e.g. cystic fibrosis, congenital heart defects).
Analysts will capture data on the mother and child up to age
six. In quarterly updates to the registry, these data will be
appended into the registry for established dyads. Over time,
our team plans to expand access to prenatal, OB/GYN and
postpartum data for patients whose records are not covered
in the INPC through future partnerships with those outside
providers, many of whom are rural. As these partnerships are
formed and new data are integrated, we will strengthen not
only MCH linkage but also surveillance capacity for current
and future MCH exposures and outcomes.

Ongoing surveillance and data quality

We are conducting ongoing data quality assessments, including
regular chart reviews to confirm diagnosis, especially with
respect to commonly misdiagnosed stillbirth and NAS.
Stillbirth is often not documented between 20-27 weeks
gestation, and providers often do not use ICD-10 codes for
NAS diagnosis [20, 21]. IDOH and MCPHD support these

chart reviews as they currently perform case reviews for these
conditions. Chart reviews for CS will be performed using a
sampling approach based on criteria established by IDOH
and MCPHD. Chart reviews will allow us to see trends in
misdiagnosis and refine data ascertainment with help from
partners.

We evaluate data quality, including missingness, timeliness,
accuracy and consistency at three points in the data
management process. The first point is data ingestion, when
IHIE first receives the data. Transactions are checked for
common errors and conformance to semantic and syntactic
standards and evaluated for missing values. Non-standardised
codes and values are mapped to standard vocabulary. The
second point is in data extraction procedures. As we extract
the desired cohort from the IHIE repository and transform
it to the required common data model, we apply additional
conformance tests related to specific codes. Finally, we perform
a series of data quality checks to detect unusual trends or
outliers. Quality measures are reported regularly, enabling the
team to improve completeness, timeliness and accuracy after
each update of the registry.

Planned outcomes

Our activities and strategies will achieve myriad outcomes.
In the short term, we will see improved surveillance data
collection between clinical and public health partners. By
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linking multiple sources, we can quickly and significantly
increase ascertainment of pregnancies, and infant and
maternal outcomes of interest. As an output of producing this
data, we will increase access and availability of EHR and MCH
public health data for both mothers and babies, leading to
better understanding of the pre- and perinatal conditions that
may influence proximal and distal child health. To broaden
the practical implications of our work, we will collaborate
with our partners to publish reports on public health authority
websites, distribute information on social media platforms,
deliver scientific presentations and publish possible dashboards
on the Regenstrief Institute website [22]. Regenstrief currently
hosts dashboards for COVID-19 and addiction-related data,
and has developed advanced dashboard designs [23, 24]. A
maternal child health dashboard could present key visuals
for researchers, public health professionals, community-based
organisations and the public to understand MCH trends in
Indiana. Through our data transfers to the CDC, reporting
of key exposures and outcomes that impact mothers and
their infants will be vastly improved, leading to increased
awareness by CDC of the data and how data are shared and
processed.

In future years, our work with the CDC and other
states/organisations within the collaborative agreement will
yield an expanded and strengthened collaborative network
to address public health issues that have an impact during
pregnancy and to infants. Within the State of Indiana,
data infrastructure will improve and along with increased
interoperability. The result will be an improved state and
national surveillance system that can be leveraged during
emerging threats to mothers and their infants. This includes
increased data availability to internal and external partners.

Finally, long-term outcomes will include the availability
of timely, high-quality, modern and efficient surveillance data
related to reporting of key exposures and outcomes that
impact mothers, infants and children. This vastly improved
surveillance data will yield practical impacts on public
health, including new public health strategies for addressing
MCH, innovative clinical recommendations and novel
research findings. Ultimately, implementation of prevention
activities and dissemination of findings will be overall more
efficient.

Translating information into action

As data and information are produced from surveillance
activities, we will share findings with our collaborators,
including the CDC. We will engage community-based
organisations in discussing the findings and applying the
information to prevention efforts in communities across
Indiana with a focus on increasing health equity for
disadvantaged populations. Meetings with our partners will
be reciprocal in that we will both disseminate findings and ask
for community input on how to apply the data in prevention
activities. There are several existing prevention programs that
will benefit from our data. These include the Indiana Chapter
of March of Dimes, faith-based maternal and child health
initiatives, Women, Infants, and Children (WIC), the Indiana
Primary Healthcare Association (IPHCA) and the Indiana
Pregnancy Promise Program.

Discussion

Indiana’s PILLARS initiative is currently developing a
statewide mother-infant linked surveillance system to monitor
stillbirth, neonatal abstinence syndrome and congenital
syphilis. By including pre-, perinatal and child health records,
the system will enable ongoing, systematic clinical and
public health awareness as well as decision-making with
respect to long-term MCH outcomes and interventions.
Participation in PILLARS presents Indiana’s public health,
academic and community-based partners with the unique
opportunity to strengthen an already-robust statewide
health information infrastructure, expanding it in support
of MCH.

Our work contributes to the understanding of mother-
infant linked longitudinal surveillance topically in terms of the
specific exposures to be examined and methodologically with
respect to data integration and translation to interventions.
Several prior studies use similar methods for creating registries
of linked longitudinal maternal and child health data and
examining specific conditions, including childhood obesity,
child maltreatment and Downs Syndrome [25, 26, 27].
Although a limited number of prior studies, such as Salemi
et al. [28], use longitudinal surveillance to track infant and
early childhood deaths, none specifically create an ongoing,
continually updated registry to link maternal and child medical
records and longitudinally surveil stillbirth, NAS and CS in
a jurisdiction. A Brazilian study [29] linked national birth
records with national infectious disease surveillance data to
track congenital syphilis, methods consistent with CDC’s SET-
NET program [5]. Ongoing maternal-infant linked longitudinal
surveillance systems are starting to emerge in the United
States in response to the CDC’s call for ongoing integrated
surveillance of NAS [30], which is unsurprising given that, in
the U.S., 1-in-7 adults report experiencing a substance use
disorder [11].

Many prior studies in the United States link data
for specific, one-time analysis of disease trends, exposure
prevalence, or death rates. Prior studies also link disparate
data sources for child health, but do not link child and
maternal medical, administrative and public health data. To
this point, multiple studies exist outside of the U.S., such
as ECHILD-MB in England, that offer ongoing maternal-
child linked surveillance [31]. Administrative data sets, such
as birth defects registries and birth certificates, have also
been linked with survey and/or EHR data in prior studies
[26, 32, 33]. Our work will go beyond linkage and a single study
to analyse exposures and outcomes and regularly translate
findings into practice. In other words, we seek to operationalise
our surveillance system for routine public health work by local
and state epidemiologists in addition to the teams at IU and
Regenstrief.

Key members of our team are community-based
researchers with ties to organisations that perform outreach
to at-risk maternal populations in Marion County. Analyses
from the registry will be used to inform development and
evaluation of interventions. For example, if we find that
many of the mothers have not received prenatal care, we
will work with our program partners to devise interventions
targeted at communicating the importance of prenatal care
and connecting mothers to services. Our goal is to influence
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population-level decision-making that will improve MCH in
Indiana.

Importantly, we intend to use our operational surveillance
system to examine or improve maternal health. Our work is
positioned so that maternal health will not only be seen as a
predictor of infant and/or child outcomes, but as longitudinally
and inextricably linked to the health of the child. Moreover, we
intend to leverage the surveillance system to examine maternal
health trends and outcomes, enabling the development and
evaluation of interventions that protect and support the
health of mothers. This includes maternal health during
preconception, prenatal, postpartum and interconception time
periods.

Our work further aligns strongly with the CDC’s data
modernisation initiative (DMI), including bolstering the U.S.
early warning systems and integrating nationwide standards
for data access and exchange [34]. With data sharing across
clinical and public health organisations at the heart of DMI,
our participation in the PILLARS project advances data
sharing both within the State of Indiana and through the
nationwide network of PILLARS and SET-NET participants
[35]. Specifically, this project will implement methods for
routinely extracting critical MCH data from EHR systems and
integrating these data with public health data systems, such
as vital records and birth defects registries. The project will
further enable surveillance on an ongoing basis using these
linked datasets. As we develop our infrastructure, we hope to
demonstrate the vision set forth in CDC’s DMI.

Conclusion

Participation in the U.S. CDC PILLARS program presents an
opportunity for the State of Indiana to improve both its public
health information infrastructure and maternal-child health. In
developing an infrastructure and novel methods for ongoing,
systematic surveillance of stillbirth, congenital syphilis and
neonatal abstinence syndrome prenatally to age 6, our long-
term goal is to improve outcomes for these conditions and
other priority maternal-child health outcomes. Participation in
PILLARS will facilitate enhancing and expanding statewide
surveillance efforts to capture infant exposures and outcomes
and translate the resultant data into action with community
partners who reach vulnerable mothers and their infants.
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