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Abstract

Background Pregnant women with coronavirus

disease 2019 (COVID-19) are at increased risk

for severe illness compared with nonpregnant

women. Data to assess risk factors for illness

severity among pregnant women with COVID-

19 are limited. This study aimed to determine

risk factors associated with COVID-19 illness

severity among pregnant women with SARS-

CoV-2 infection.

Methods Pregnant women with SARS-CoV-2
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infection confirmed by molecular testing were

reported during March 29, 2020–January 8,

2021 through the Surveillance for Emerging

Threats to Mothers and Babies Network (SET-

NET). Criteria for illness severity

(asymptomatic, mild, moderate-to-severe, or

critical) were adapted from National Institutes

of Health and World Health Organization

criteria. Crude and adjusted risk ratios for

moderate-to-severe or critical COVID-19 illness

were calculated for selected demographic and

clinical characteristics.

Results Among 5,963 pregnant women with

SARS-CoV-2 infection, moderate-to-severe or

critical COVID-19 illness was associated with

age 30–39 years, Black/Non-Hispanic

race/ethnicity, healthcare occupation, pre-

pregnancy obesity, chronic lung disease,

chronic hypertension, cardiovascular disease,

and pregestational diabetes mellitus. Risk of

moderate-to-severe or critical illness increased

with the number of underlying medical or

pregnancy-related conditions.

Conclusions Pregnant women with moderate-

to-severe or critical COVID-19 illness were more

likely to be older and have underlying medical

conditions compared to pregnant women with

asymptomatic infection or mild COVID-19

illness. This information might help pregnant

women understand their risk for moderate-to-

severe or critical COVID-19 illness and inform

targeted public health messaging.

Summary Among pregnant women with

COVID-19, older age and underlying medical

conditions were risk factors for increased

illness severity. These findings can be used to

inform pregnant women about their risk for

severe COVID-19 illness and public health

messaging.
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Introduction

Pregnant women with coronavirus disease

2019 (COVID-19) are at increased risk for

severe illness compared with nonpregnant

women [1]. A limited number of studies have

suggested that risk factors for severe COVID-

19 illness, such as older age and underlying

medical conditions, might be similar between

pregnant and non-pregnant people; however,

individual studies have been limited in sample

size, varied in sampling frame and inclusion

criteria (e.g., inclusion of women with

suspected COVID-19 and/or those with

confirmed COVID-19), and primarily reported

on pregnant women requiring hospitalization

(including for childbirth) [2-4]. Additional

information on risk factors for severe COVID-19

illness are needed to inform discussions about

risk for severe illness, to guide public health

messaging and to inform decision-making

around resource allocation.

Public health jurisdictions report information,

including pregnancy status, on confirmed and

probable COVID-19 cases to CDC through the

National Notifiable Diseases Surveillance

System [5]. Through the Surveillance for

Emerging Threats to Mothers and Babies

Network (SET-NET), health departments from

20 jurisdictions collected supplementary

information on pregnancy outcomes among

women with SARS-CoV-2 infection confirmed by

nucleic acid amplification testing and reported

during March 29, 2020–January 8, 2021 [6]. To

determine risk factors associated with COVID-

19 illness severity, demographic and selected

clinical characteristics were compared between

pregnant women with moderate-to-severe or

critical illness and those with asymptomatic

infection or mild illness.
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Materials and Methods

SET-NET is longitudinal surveillance of

pregnant women and their infants to

understand the effects of emerging and

reemerging threats [6]. Supplementary

pregnancy-related information is reported for

women with laboratory confirmed SARS-CoV-2

infection (based on detection of SARS-CoV-2 in

a clinical specimen by nucleic acid

amplification testing) during pregnancy

through the day of delivery in 2020 [7]. As of

January 8, 2021, health departments from 20

jurisdictions (California [excluding Los Angeles

County], Georgia, Houston, Kansas, Los

Angeles County, Massachusetts, Michigan,

Minnesota, Nebraska, Nevada, New Jersey, New

York [excluding New York City], North Dakota,

Oklahoma, Pennsylvania [excluding

Philadelphia], Philadelphia, Puerto Rico,

Tennessee, U.S. Virgin Islands, and Vermont)

have contributed data [6]. Pregnancy status

was ascertained through routine COVID-19

case surveillance or through matching of

reported cases with other data sources (e.g.,

vital records, administrative data) to identify

unreported pregnancy status or verify

pregnancy status. Data were abstracted using

standard data elements; sources include

routine public health investigations, vital

records, laboratory reports, and medical

records. SET-NET methodology has been

previously described [6].

Criteria for illness severity (asymptomatic,

mild, moderate-to-severe, or critical) were

adapted from National Institutes of Health and

World Health Organization severity of illness

categories (Figure) [8-9]. Women were

considered asymptomatic if reported as having
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an absence of symptoms using a symptom

status variable. Criteria were applied to classify

severity using submitted data (including

symptoms, intensive care unit (ICU) admission,

invasive ventilation, use of COVID-19 therapies,

complications associated with COVID-19, and

death). If data were not reported for an

outcome, the outcome was assumed not to

have occurred. Crude risk ratios (RR) for

moderate-to-severe or critical illness were

calculated for selected demographic

characteristics within age group, race/ethnicity,

health insurance type, healthcare worker status

and selected clinical characteristics, including

diagnosis of underlying medical condition (pre-

pregnancy obesity [body mass index ≥30

kg/m], chronic lung disease, chronic

hypertension, pregestational diabetes mellitus,

cardiovascular disease, and

immunosuppression), trimester of SARS-CoV-2

infection, and diagnosis of pregnancy-related

condition (gestational diabetes and gestational

hypertension) as reported through contact

tracing, vital statistics, or medical records,

compared to selected referent groups [6]. We

also calculated crude risk ratios comparing risk

of moderate-to-severe or critical illness among

pregnant women with any one condition

(underlying medical or pregnancy-related

condition), any two conditions, and three or

more conditions compared to those without

report of any condition. Adjusted risk ratios

(aRR) and 95% CIs for moderate-to-severe or

critical illness were estimated by binomial

regression with the log link function,

accounting for age (in years) as a continuous

variable. Analyses were conducted using SAS

(version 9.4; SAS Institute). This activity was

reviewed by CDC, determined to be a non-

research, public health surveillance activity,

and was conducted consistent with applicable
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federal law and CDC policy [10].

Figure.

Criteria for categorizing severity of illness among pregnant women with
SARS-CoV-2 infection, Surveillance for Emerging Threats to Mothers and
Babies Network (SET-NET)

Download figure | Open in new tab



Download figure | Open in new tab
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Results

During March 29–January 8, 2021, data for

10,996 pregnant women with confirmed SARS-

CoV-2 infection were submitted to SET-NET.

Data for 5,033 (45.8%) women were insufficient

for categorizing illness severity. The remainder

of this report focuses on 5,963 (54.2%)

pregnant women with SARS-CoV-2 infection

and sufficient information to categorize illness

severity.

Most women were aged 20-39 years (90.8%),

44.9% were Hispanic or Latina (Hispanic)

ethnicity, and 55.7% had Medicaid (Table 1). At

least one underlying medical condition was

reported for 1,827 (35.3%) women, with pre-

pregnancy obesity (27.2%) most commonly

reported. Gestational diabetes was reported in

8.9% of women and gestational hypertension in

9.0%. Most women had SARS-CoV-2 infection

identified in the third (60.6%) or second (29.1%)

trimester (based on date of first positive test or

symptom onset).

Table 1.

Risk ratios for moderate-to-severe or critical illness among pregnant
women with SARS-CoV-2 infection during pregnancy compared to
asymptomatic infection or mild illness for selected demographic and
clinical characteristics, Surveillance for Emerging Threats to Mothers and
Babies Network, 20 state, local, and territorial health departments,
March 29, 2020 -January 8, 2021 (n=5,963)

In crude analysis, pregnant women who were

30-34 years (RR=1.35, 95% CI: 1.03, 1.77) and

35-39 years of age (RR=1.44, 95% CI: 1.08,

1.90) were at an increased risk of moderate-to-

severe or critical illness compared to pregnant

women who were <20 years of age. Pregnant

women reported as having a healthcare

occupation (RR=1.34, 95% CI: 1.18, 1.53) were

at an increased risk of moderate-to-severe or

critical illness compared to pregnant women

who were not reported as being in a healthcare

a

View inline | View popup
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occupation. Pregnant women with pre-

pregnancy obesity (RR=1.32, 95% CI: 1.17,

1.48), chronic lung disease (RR=1.39, 95% CI:

1.16, 1.66), chronic hypertension (RR=1.37,

95% CI: 1.09, 1.74), cardiovascular disease

(RR=1.54, 95% CI: (1.14, 2.08), pregestational

diabetes mellitus (RR=1.54, 95% CI: 1.20,

1.98), and gestational diabetes (RR=1.23, 95%

CI: 1.04, 1.45) were at increased risk of

moderate-to-severe or critical illness compared

to pregnant women without these conditions.

Presence of any health condition (underlying

medical or pregnancy-related health condition)

was associated with 25% increased risk

(RR=1.25, 95% CI: 1.12, 1.40), two conditions

was associated with a 52% increased risk

(RR=1.52, 95% CI: 1.31, 1.78), and three or

more conditions was associated with twice the

risk (RR=2.13, 95% CI: 1.70, 2.67) of moderate-

to-severe or critical illness compared to women

without any reported conditions. Age younger

than 29 years, age 30 to 39 years,

race/ethnicity, health insurance type, trimester

of SARS-CoV-2 infection, immunosuppression,

and gestational hypertension were not

associated with increased risk of moderate-to-

severe or critical illness compared to the

referent groups.

Adjusted risk ratios were similar to crude risk

ratios with two exceptions. After adjustment

for age as a continuous variable, Black/Non-

Hispanic race/ethnicity was associated with a

22% increased risk (aRR=1.22, 95% CI: 1.04,

1.43) of moderate-to-severe or critical illness

compared to the referent group (White, Non-

Hispanic race/ethnicity), and gestational

diabetes was not found to be associated with

increased risk.
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Discussion

In an analysis of a large cohort of pregnant

women with SARS-CoV-2 infection reported

from health departments from 20 jurisdictions

through SET-NET, age 30-39 years, Black/Non-

Hispanic race/ethnicity, being a healthcare

worker, and presence of any underlying

medical condition were associated with

increased risk of moderate-to-severe or critical

illness. The number of underlying medical or

pregnancy-related conditions demonstrated an

exposure-response relation with risk for

moderate-to-severe or critical illness. Data

collection is ongoing, and findings may change

as additional data are collected and analyzed.

Data are reported by health departments and

can be updated as new information becomes

available. Enhanced efforts to improve

reporting of clinical data related to illness

severity are ongoing.

These findings of association between older

age, Black/Non-Hispanic race/ethnicity,

healthcare occupation, any underlying medical

condition and increased risk of moderate-to-

severe or critical COVID-19 illness are similar to

those observed among nonpregnant adults.

There have been few studies focused on risk

factors for COVID-19 illness severity in

pregnant women; those study findings suggest

similar associations with older age and medical

comorbidities as seen in the general adult

population [2-4]. An association was not found

with trimester of SARS-CoV-2 infection, similar

to findings from a recent systematic review and

meta-analysis of SARS-CoV-2 infection in

pregnancy [4]. An association of Hispanic or

Latina race/ethnicity with moderate-to-severe

or critical illness was not identified; however,

Hispanic or Latina women represented half of

all women with moderate-to-severe or critical
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illness in this analysis.

The findings in this report are subject to at

least four limitations. First, the clinical criteria

for classifying illness severity in this analysis

were adapted for surveillance purposes from

existing frameworks and used severity

indicators that were captured systematically,

while other criteria may not have been

captured (e.g., respiratory rate and oxygen

saturation on room air). Misclassification of

illness severity is possible, particularly when

data to classify cases into moderate-to-severe

or critical illness categories are missing, which

might bias towards a lower severity

classification and attenuate associations [11].

Similarly, data cannot distinguish between

asymptomatic or pre-symptomatic mild

infection unless the individual subsequently

reported for medical care and information was

available in a medical record. Additionally,

women who were tested upon hospital

admission for delivery may have developed

more severe symptoms later on that were not

captured by SET-NET. Among women with date

of testing and outcome available, 26% were

identified within two days of delivery, which

could reflect universal screening on admission.

Second, a large portion of women could not be

categorized for illness severity due to

insufficient information, and testing and

reporting might be more frequent among

women with more severe illness. The ability to

detect differences in demographic

characteristics between included and excluded

women were limited by a large portion of

missing demographic information among

excluded cases due to the large surge of cases

and limited capacity for complete data

collection. Additionally, obtaining accurate data

to distinguish underlying medical conditions
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from pregnancy-related medical conditions

(e.g., diabetes vs gestational diabetes) depends

on medical record abstraction. Potential

misclassification of underlying medical

conditions and pregnancy-related medical

conditions might limit detection of an

association with moderate-to-severe or critical

illness. Medical record abstraction of clinical

information are ongoing, and statistical

comparisons by illness severity should be

interpreted with caution. Third, while these

data are population-based for the jurisdictions

included, they are not nationally representative

and include a higher frequency of Hispanic and

Latina women compared with all women of

reproductive age in national case surveillance

data and with provisional national 2020 data

on births among women with COVID-19 during

pregnancy [1, 12-13]. Fourth, relative to the

proportion of women with SARS-CoV-2

infection in the second and third trimesters of

pregnancy, few women with first trimester

infection have been reported to date. This

limits our ability to understand whether

trimester of infection is associated with

severity of COVID-19 illness.

Despite these limitations, this report has

several strengths, including the large size of

the population-based cohort, inclusion of both

hospitalized and non-hospitalized pregnant

women, restriction of the study population to

pregnant women with confirmed COVID-19,

information to describe risk factors for illness

severity among pregnant women with COVID-

19, and uniform application of illness severity

criteria.

Future research could further focus on clinical

relevance of maternal COVID-19 illness severity

and outcomes among newborns, infants, and

children. Additional follow-up data on SARS-
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CoV-2 infection are needed to increase

certainty of findings related to severity of

COVID-19 illness and timing of infection during

pregnancy.

These data can help counsel pregnant women

about their risk for moderate-to-severe or

critical COVID-19 illness and guide their choice

of prevention strategies, target public health

messaging, and inform decisions around

resource allocation. It is important that

pregnant women are informed of their

increased risk for severe COVID-19 illness, the

signs of severe COVID-19 illness, and

strategies for prevention, including vaccination

[14-16].
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