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Abstract

Introduction Public health responses often lack the infrastructure to capture the impact of public health
emergencies on pregnant women and infants, with limited mechanisms for linking pregnant women with
their infants nationally to monitor long-term effects. In 2019, the Centers for Disease Control and
Prevention (CDC), in close collaboration with state, local, and territorial health departments, began a five-
year initiative to establish population-based mother-baby linked longitudinal surveillance, the Surveillance
for Emerging Threats to Mothers and Babies Network (SET-NET).

Objectives The objective of this report is to describe an expanded surveillance approach that leverages
and modernizes existing surveillance systems to address the impact of emerging health threats during
pregnancy on pregnant women and their infants.

Methods Mother-baby pairs are identified prospectively during pregnancy and/or retrospectively after
birth of the infant. All data are obtained from existing data sources (e.g., electronic medical records, vital
statistics, laboratory reports, and health department investigations and case reporting).

Results Variables were selected for inclusion to address key surveillance questions proposed by CDC and
health department subject matter experts. General variables include maternal demographics and health
history, pregnancy and infant outcomes, maternal and infant laboratory results, and child health
outcomes up to the second birthday. Exposure-specific modular variables are included for hepatitis C,
syphilis, and Coronavirus Disease 2019 (COVID-19). The system is structured into four relational datasets
(maternal, pregnancy outcomes and birth, infant/child follow-up, and laboratory testing).

Discussion SET-NET provides a population-based mother-baby linked longitudinal surveillance approach
and has demonstrated rapid adaptation for use during COVID-19. This innovative approach leverages
existing data sources and rapidly collects data to inform clinical guidance and practice. These data can
help to reduce exposure risk and adverse outcomes among pregnant women and their infants, direct
public health action, and strengthen public health systems.

Significance

This report describes the methods of the Surveillance for Emerging Threats to Mothers and Babies
Network (SET-NET), a novel and flexible approach of linked, longitudinal mother-baby surveillance. By
leveraging existing data sources and linking mothers and their infants, SET-NET can rapidly assess the
impact of existing, re-emerging, and novel infectious disease threats to mothers and babies, to inform
clinical guidance and practice, and direct public health action.

Introduction

Recent public health emergencies highlight the need for innovative and coordinated population-based
pregnancy and infant surveillance (Frey et al. 2019). Pregnant women might be more susceptible to
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emerging infections or more severe illness compared with the general population and experience adverse
pregnancy or birth outcomes not routinely captured through emergency surveillance efforts (Rasmussen
and Hayes 2005). Public health responses have typically lacked rapid, nationally representative
surveillance models to capture data and link pregnant women with their infants to monitor the effects of
pregnancy exposures on outcomes over time (Frey et al. 2019).

Historically, surveillance approaches have been siloed by exposure with disparate definitions and
collection methods. Existing surveillance systems have not been flexible enough to capture relevant data
from the wide array of sources and time points needed to fully assess pregnancy and infant outcomes.
These limitations pose a barrier to using data for public health and clinical decision-making. The U.S.
Zika Pregnancy and Infant Registry (USZPIR) was established shortly after the initiation of the Centers for
Disease Control and Prevention (CDC) Zika Virus Response and allowed public health officials to rapidly
monitor and assess pregnancy and early childhood outcomes for >7,400 U.S. pregnancies with laboratory
evidence of possible Zika virus infection. By establishing a mother-baby linked longitudinal surveillance
platform, rapidly collecting and analyzing data and translating and dissemination the information, this
national registry was a key source of up-to-date information to inform clinicians, public health officials,
women and families, and the public (Honein et al. 2017). Adapting and improving upon this approach, in
2019, CDC, in collaboration with state, local, and territorial health departments, began a five-year initiative
to establish population-based mother-baby linked longitudinal surveillance for other exposures. This
adapted surveillance approach is known as the Surveillance for Emerging Threats to Mothers and Babies
Network (SET-NET, https://www.cdc.gov/ncbddd/aboutus/pregnancy/emerging-threats.html).

In Year One of funding, SET-NET expanded to hepatitis C and syphilis. At the beginning of the Coronavirus
Disease 2019 (COVID-19) pandemic, SET-NET was rapidly adapted to capture information about severe
acute respiratory syndrome coronavirus (SARS-CoV-2), the virus that causes COVID-19. This report
provides methodologic details about the development and implementation of SET-NET.

Methods
Participating jurisdictions

CDC established SET-NET in collaboration with the health departments of Arizona, California (excluding
Los Angeles County), Los Angeles County, Florida, Georgia, Kentucky, Massachusetts, New York state
(excluding New York City), New York City, Pennsylvania, Puerto Rico, Tennessee, and the U.S. Virgin
Islands in 2019 (Figure 1). Jurisdictions receive funding through the Epidemiology and Laboratory
Capacity for Prevention and Control of Emerging Infectious Diseases (ELC) Cooperative Agreement (ELC
CK19-1904) or through contractual mechanisms.
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Purpose

The main objective of SET-NET is to leverage existing surveillance systems and data sources to assess
the impact of emerging health threats on pregnant women and their infants/children.

Case ascertainment

Methods of case ascertainment vary by exposure and jurisdiction and include prospective identification
of a pregnant woman with the exposure of interest and/or identification of the infant with retrospective
linking to maternal information. Current exposures of interest within SET-NET are reportable infectious
diseases, so ascertaining pregnancy status may depend on reporting at the time of case confirmation.
Jurisdictions use linkages between available datasets to identify pregnant/postpartum women (e.g.,
matching between women of reproductive age in hepatitis C laboratory reporting with prenatal screening
or vital statistics) as well as to identify infants (e.g., immunization registries to identify most recent
primary care provider).

Data sources

Data elements are obtained from existing data sources with no need for additional primary data
collection (e.g., patient interviews, clinical visits, or laboratory reports). Examples of data sources used by
participating jurisdictions include the following:

» Existing state data systems (e.g., vital statistics, electronic laboratory reporting, and birth defects
surveillance)

» Records from routine case investigations and reports (e.g., case interviews and case report forms)

» Medical records from hospitals and healthcare providers’ offices (e.g., prenatal records, maternal
hospitalization records, and infant follow-up medical records)

Electronically linked data sources are encouraged when possible in order to decrease burden of manual
chart abstraction and data entry and prevent duplication of effort.

General and modular variables
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Since 2018, the National Center on Birth Defects and Developmental Disabilities has led a cross-agency
effort to develop standardized data elements for conducting mother-baby linked longitudinal surveillance.
The proposed data elements serve as the foundation for SET-NET’s “general” variables, which pertain to
all mother-baby pairs, regardless of the exposure of interest (Figure 2). Exposure-specific or “modular”
variables complement the general variables by providing information for mother-baby pairs about the
exposure of interest (Figure 3). Modular variables were selected to align with a variety of data sources
and variables found in reviews of the literature and were reviewed by a team of experts in obstetrics,
pediatrics, epidemiology, and informatics with a focus on key questions as well as potential for data
capture. Together, general and modular variables are selected to align with key surveillance questions for

each exposure, while striving to minimize burden and ensure quality data.

CDC has an Assurance of Confidentiality (https://www.cdc.gov/od/science/integrity/confidentiality/) for
data reported through SET-NET, consistent with Section 308(d) of the Public Health Service Act (42 U.S.C.
Section 242m(d)), which provides the highest level of protection for identifiable and potentially
identifiable data collected by health departments and reported to CDC. The legal authority for public
health and disease control varies by jurisdiction and may affect surveillance approaches, access to data
sources, and case ascertainment. In the following section, we present key questions, variables, and
follow-up for each exposure.

Results

Hepatitis C module

Hepatitis C virus (HCV) causes acute and chronic infection that can lead to long-term morbidity and
mortality. Pregnant women with HCV infection can pass the virus to their infants, occurring in about 6%
of HCV-exposed pregnancies (Benova et al. 2014). The incidence of HCV infection in the United States
has been increasing since 2009 among young adults, including women of reproductive age and pregnant
women, concurrent with the opioid crisis (CDC 2019; Patrick et al. 2017). Surveillance for perinatal
hepatitis C is incomplete and likely underestimates the burden of HCV in pregnancy, due to limited
surveillance resources, lack of identification of infected pregnant women, and inadequate tracking and
testing of exposed infants (Chappell et al. 2018). CDC recently released recommendations for universal
hepatitis C screening of all adults and pregnant women during each pregnancy (Schillie et al. 2020). With
these updated recommendations and newly available curative treatments for children =3 years old and
for pregnant women in clinical trials, the landscape of HCV infection surveillance, prevention, and
treatment is rapidly changing. SET-NET aims to describe the timing of hepatitis C diagnosis (pre-
pregnancy or during pregnancy), referral for treatment postpartum, and adverse fetal and birth outcomes
among HCV-exposed pregnancies. Additionally, SET-NET aims to characterize loss to follow-up, testing,
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and clinical complications among HCV-exposed infants by maternal and birth characteristics, with
specific inclusion criteria for the population of interest for each exposure (Table 1).

Exposure-specific variables for HCV infection include maternal risk factors (e.g., incarceration and
injection drug use), diagnosis and treatment characteristics, delivery characteristics (e.g., use of internal
fetal monitoring and prolonged rupture of membranes), infant testing information, and infant clinical
complications. Follow-up for children includes 12- and 24-month well child visits, since recommended
testing for RNA or serology is expected by these time periods
[https://wwwn.cdc.gov/nndss/conditions/hepatitis-c-perinatal-infection/case-definition/2018/].

Given the large case burden of infants with in utero exposure to HCV, a sampling scheme was developed
to prioritize medical record abstraction of infant follow-up data. Medical records are abstracted for all
children with positive HCV testing and for a random selection of children with negative or inappropriate
testing (e.g., antibody testing before 18 months of age), or without testing results available as some
jurisdictions do not receive negative testing results reliably.

Syphilis module

A pregnant woman with syphilis can face serious health problems if the infection is not treated and can
pass the infection to her fetus in utero, resulting in congenital syphilis. Congenital syphilis can result in
miscarriage, stillbirth, neonatal death, and severe lifelong physical problems to the infant (Gomez et al.
2013). CDC recommends that all pregnant women be screened for syphilis at the first prenatal visit and
individuals at high risk of acquiring syphilis later in pregnancy be re-tested at 28 weeks gestation and
again at delivery (Workowski et al. 2015). Syphilis during pregnancy can be cured with antibiotics, but, if
left untreated, approximately 66% of pregnant women with syphilis experience an adverse pregnancy
outcome (Gomez et al. 2013). Increasing trends in syphilitic infections among women of reproductive age
and increases in congenital syphilis cases are worrisome (Bowen et al. 2015). The availability of an
effective treatment alone is not enough to stem this trend, and there are multiple missed opportunities for
diagnosis and treatment (Kimball et al. 2020).

Syphilis, both congenital infections and infections among adults, is a nationally notifiable condition, with
health departments sending case notifications to CDC through the National Notifiable Diseases
Surveillance System (NNDSS); however, existing surveillance at the federal level is limited by the inability
to link case notifications for pregnant women with syphilis to case notifications for infants meeting the
congenital syphilis case definition (https://wwwn.cdc.gov/nndss/conditions/congenital-syphilis/case-
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definition/2018/). Therefore, the proportion of maternal infections that result in congenital transmission
cannot be determined at the national level. Furthermore, information on infants prenatally exposed to
syphilis who do not meet the case definition for congenital syphilis are not currently tracked nationally
but could help further inform prevention efforts. Finally, NNDSS captures information on congenital
syphilis cases at time of diagnosis (usually at birth) and does not include longitudinal (e.g.,
neurodevelopmental) outcomes. Information about the long-term consequences of congenital syphilis is
critical to more fully describe the burden of this preventable infection. SET-NET aims to describe the
diagnosis and treatment of pregnant women with syphilis, the frequency of adverse pregnancy outcomes,
and the Council of State and Territorial Epidemiologists (CSTE) case status of syphilis-exposed infants
by maternal sociodemographic and clinical characteristics. The system also seeks to describe the
frequency and range of infant and early childhood clinical and developmental outcomes by infant case
status and to characterize loss to follow-up by sociodemographic and clinical characteristics.

Exposure-specific variables for syphilis are aligned as much as possible with NNDSS message mapping
guides for sending syphilis case notifications to CDC (https://wwwn.cdc.gov/nndss/case-
notification/message-mapping-guides.html) and include maternal clinical (e.g., HIV status) and
behavioral (e.g., substance use) characteristics, diagnosis and treatment information, clinical signs of
congenital syphilis, infant testing results and case status, and infant imaging results and clinical
complications. Time points for infant follow-up medical record abstraction include the 2-, 6-, 12-, 18-, and
24-month well child visits.

COVID-19 module

In late 2019, the novel coronavirus SARS-CoV-2 which causes COVID-19 emerged, rapidly evolving into a
global pandemic of historic proportions, causing many pregnant women, their families, and their
healthcare providers to want to better understand the impact of this novel virus on pregnancy. Pregnant
women might be at an increased risk for severe disease compared with non-pregnant women of
reproductive age, and much remains unknown about the effect of SARS-CoV-2 infection on pregnancy
and infant outcomes (Ellington et al. 2020). Traditional infectious disease surveillance methods capture
point-in-time outcomes, typically around time of infection, and national case reporting does not capture
data beyond a binary pregnancy status to comprehensively describe pregnancy outcomes. Mother-baby
linked longitudinal surveillance is necessary to understand the full impact of COVID-19 in pregnancy on
the health of pregnant women and their infants. Fortunately, the SET-NET framework was poised for rapid
expansion for COVID-19. SET-NET aims to describe risk factors for disease, clinical course, complications,
and treatment among pregnant women with COVID-19; the frequency and range of pregnancy and birth
outcomes and characterization by maternal demographic and clinical characteristics; the frequency,
timing, and characteristics of neonatal testing and infection; and description of rooming-in (whether

infant stayed in mother’'s room) and in-hospital breastfeeding practices
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(https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/special-populations/pregnancy-data-on-
covid-19.html).

SET-NET COVID-19 surveillance is restricted to women with laboratory confirmed infection. As opposed to
other exposures of interest, neonates who test positive for SARS-CoV-2 but whose mother tested negative
or whose testing status is unknown will not be included due to challenges in determining post-natal
horizontal transmission vs. vertical transmission. Additionally, while there have been limited reports of
perinatal SARS-CoV-2 infection, currently these routes of transmission seem to occur rarely, and the
clinical significance is unknown (Kirstman et al. 2020).

Data elements include maternal symptoms, complications, and treatment; delivery mode and induction;
infant symptoms, complications, test results, and treatment; and whether the infant roomed-in, was ever
fed maternal breastmilk (direct or expressed). Long-term consequences of SARS-CoV-2 infection are
unknown. Timepoints for follow up include the first newborn visit, and the 2- and 6-month well child
visits. Similar to HCV, a population-based sampling scheme has been developed for jurisdictions with
high burden.

Data structure

For all exposures, data on each mother-baby pair are transmitted to CDC as four relational datasets:
maternal, pregnancy outcome and birth, infant follow-up, and laboratory testing (Figure 2). This structure
was selected based on best practices and experiences from prior data collection projects for mother-baby
pairs. The relational dataset structure allows for multiple infants from one pregnancy and multiple
longitudinal follow-up visits for each infant linked by a pregnancy identification number (ID). The
maternal dataset includes information regarding the pregnant woman's demographics, health history,
prenatal care, and pregnancy complications. The pregnancy outcome and birth dataset capture
information on birth outcomes, including pregnancy loss, stillbirth, and live birth, as well as care and
complications during birth hospitalization, for each fetus. Data for multiple gestation pregnancies are
linked by pregnancy ID. The infant/child follow-up dataset longitudinally captures information after birth
hospitalization. Follow-up data are collected by infant and timepoint, which are flexible and vary for the
exposure of interest (e.g., 12-months and 24-months for hepatitis C). Finally, the laboratory testing
dataset includes laboratory results pertaining to either the woman or the infant(s) and allows for an
infinite number of tests. Laboratory data are stored based on specimen, test type, and date for the
pregnant woman or the infant.

Discussion

Page 10/16


https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/special-populations/pregnancy-data-on-covid-19.html

SET-NET provides an approach to population-based mother-baby linked longitudinal surveillance that
CDC and health departments can rapidly adapt to conduct surveillance for emerging threats. This
innovative and relational surveillance approach leverages existing data sources and will inform clinical
guidance and practice patterns to reduce maternal, fetal, and infant risk of exposure to SARS-CoV-2 and
adverse outcomes, direct public health action, and strengthen public health systems. The system has
already proven to be flexible and readily adaptable to the new threat of COVID-19, with completion of a
data dictionary by May 2020, receipt of data relevant to pregnancies affected by COVID-19 by July 2020,
and preliminary public reporting anticipated in fall 2020. Additional funding in future years would allow
for further expansion to additional jurisdictions.

Strengths of this approach include improved efficiency through linkages of existing data systems, such
as vital statistics and electronic laboratory reporting, and the development of a flexible network that can
adapt to additional emerging threats. The approach sets standards for consistent and systematic
surveillance for mother-baby pairs and is adaptable across exposures. Compared with smaller research
studies, surveillance data can capture population-based and jurisdictional-level exposure and outcome
information to assess prevalence of rare outcomes and assist jurisdictions with preparedness and
planning efforts. Additionally, it has the potential to provide more timely data in order to more effectively
inform public health action. However, one limitation of this approach is that surveillance data lack a
comparison group. Any associations identified will require additional research to distinguish between
association and causality.

Challenges observed during the first year of SET-NET surveillance include variations in jurisdictions’
ability to collect all variables, including regulatory restrictions and capacity. While SET-NET aims to
improve efficiencies in surveillance, medical record abstraction is necessary for some variables.
Challenges to identification of mother-baby pairs include under reporting of pregnancy status on provider
or electronic laboratory reports, late or no prenatal care, and custody or name changes after birth
hospitalization. Jurisdictions continue to explore and share best practices to improve case ascertainment
(e.g., identification of pregnancy status by linking with vital records) and reduce loss to follow-up (e.g.,
linkages with immunization registries) (Wingate et al. 2019; Alaali et al. 2020).

Collaboration between exposure-specific surveillance groups and subject matter experts within sections
of health departments responsible for maternal and child health, at the federal, state and local level, is
necessary for successful surveillance and translation into public health action and practical clinical
guidance. These groups are often in separate divisions within a health department (e.g., infectious
disease and birth defects surveillance) and may be mutually unaware of the range of resources available
to support linked longitudinal surveillance efforts. Additionally, there may be regulations that prevent
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sharing of data across divisions. Collaboration, communication, and buy in from all key stakeholders
ensures efficient use of resources, reduces duplicate efforts, and improves communication of findings.

Despite disparate historical surveillance methods and underlying pathology of exposures of interest, the
SET-NET approach for surveillance of hepatitis C and syphilis in pregnancy has already demonstrated the
utility of this model for existing, reemerging infectious diseases and the adaptation for COVID-19 has
demonstrated the flexibility and utility for new emerging threats. Use of timely and actionable surveillance
data gathered through SET-NET can help protect and improve the lives of pregnant women and their
infants in response to a multitude of current and future emerging threats.
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Tables

Table 1. Inclusion criteria for hepatitis C virus (HCV), syphilis, and 2019 coronavirus disease (COVID-19) in the Surveillance for Emerging Threats

to Mothers and Babies Network (SET-NET). All mother-baby pairs included must reside within a participating jurisdiction.

Hepatitis C Syphilis COVID-19

Inclusion
based on 1. Pregnant women who are HCV 1. Pregnant women who meet Council of State ] . Pregnant women who meet the
maternal RNA+ during pregnancy, or prior to and Territorial Epidemiologists (CSTE) case CSTE laboratory criteria for
testing pregnancy without evidence of definition® for syphilis at any point during confirmed SARS-CoV-2 infection® at

treatment or clearance and; pregnancy and; any point during pregnancy and;

1. The infants or children <3 years of 1. The infants or children <3 years of age born | . The neonates born of that

age born of that pregnancy, of that pregnancy, regardless of laboratory pregnancy, regardless of laboratory

regardless of laboratory evidence or clinical evidence of congenital syphilis in evidence of SARS-CoV-2 in the

of HCV infection in the child the child neonate
Inclusion Not applicable
based on 1. Infants or children <3 years of age 1. Stillbirths, infants or children <3 years of
infant/child’s who meet the CSTE case definition age who meet the probable or confirmed
testing for perinatal HCV, and; CSTE case definitions for congenital syphilis

or syphilitic stillbirth? and;
]. . Their birth mothers, regardless of

laboratory evidence of maternal 1. Their birth mothers regardless of laboratory

HCV infection evidence of maternal syphilis infection
Pregnancy On or after January 1, 2018 On or after January 1, 2018 On or after January 1, 2020
completion
or birth date

@ This may include persons with primary, secondary, early non-primary non-secondary syphilis and unknown duration or late syphilitic

infections. https://wwwn.cdc.gov/nndss/conditions/syphilis/case-definition/ 2018/
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b The CSTE case definition for congenital syphilis includes stillbirths and infants born to mothers with untreated or inadequately treated syphilis and
infants with laboratory evidence of congenital syphilis (direct detection of Treponema pallidum or a reactive nontreponemal syphilis test) as well as
clinical or radiographic findings or cerebral spinal fluid analysis consistent with congenital

syphilis. https://wwwn.cdc.gov/nndss/conditions/syphilis/case-definition/ 2018/

¢ The CSTE interim case definition for laboratory confirmed SARS-CoV-2 infection includes persons with detection of SARS-CoV-2 ribonucleic acid

(RNA) in a clinical specimen using a molecular amplification detection test. https://wwwn.cdc.gov/nndss/conditions/coronavirus-disease-2019-
covid-19/case-definition/ 2020/
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