
Journal Pre-proof

Higher SARS-CoV-2 Infection Rate in Pregnant Patients

Erica M. LOKKEN, PhD, MS, G. Gray TAYLOR, BA, Emily M. HUEBNER, MS, Jeroen
VANDERHOEVEN, MD, Sarah HENDRICKSON, MD, Brahm COLER, BA, Jessica S.
SHENG, MD, Christie L. WALKER, MD, MPH, Stephen A. MCCARTNEY, MD, PhD,
Nicole M. KRETZER, MD, PhD, Rebecca RESNICK, PhD, Alisa KACHIKIS, MD, MS,
Nena BARNHART, MD, Vera SCHULTE, BA, Brittany BERGAM, BS, Kimberly K,
MA, MD, Catherine ALBRIGHT, MD, MS, Valerie LARIOS, Lori KELLEY, MSN, RN,
Victoria LARIOS, BSN, RN, Sharilyn EMHOFF, BSN, RN, Jasmine RAH, BA, Kristin
RETZLAFF, RN, Chad THOMAS, MD, PhD, Bettina W. PAEK, MD, Rita J. HSU,
MD, MS, Anne ERICKSON, MD, Andrew CHANG, BS, Timothy MITCHELL, MD,
Joseph K. HWANG, MD, Rebecca GOURLEY, BA, Stephen ERICKSON, MD, Shani
DELANEY, MD, Carolyn R. KLINE, MD, MPH, Karen ARCHABALD, MD, MS, Michela
BLAIN, MD, Sylvia M. LACOURSE, MD, MPH, Kristina M. ADAMS WALDORF, MD

PII: S0002-9378(21)00098-3

DOI: https://doi.org/10.1016/j.ajog.2021.02.011

Reference: YMOB 13714

To appear in: American Journal of Obstetrics and Gynecology

Received Date: 3 January 2021

Revised Date: 8 February 2021

Accepted Date: 9 February 2021

Please cite this article as: LOKKEN EM, TAYLOR GG, HUEBNER EM, VANDERHOEVEN J,
HENDRICKSON S, COLER B, SHENG JS, WALKER CL, MCCARTNEY SA, KRETZER NM, RESNICK
R, KACHIKIS A, BARNHART N, SCHULTE V, BERGAM B, K K, ALBRIGHT C, LARIOS V, KELLEY
L, LARIOS V, EMHOFF S, RAH J, RETZLAFF K, THOMAS C, PAEK BW, HSU RJ, ERICKSON
A, CHANG A, MITCHELL T, HWANG JK, GOURLEY R, ERICKSON S, DELANEY S, KLINE CR,
ARCHABALD K, BLAIN M, LACOURSE SM, ADAMS WALDORF KM, Higher SARS-CoV-2 Infection
Rate in Pregnant Patients, American Journal of Obstetrics and Gynecology (2021), doi: https://
doi.org/10.1016/j.ajog.2021.02.011.



This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Elsevier Inc. All rights reserved.



1 

 

Title: Higher SARS-CoV-2 Infection Rate in Pregnant Patients 1 

 2 

Erica M. LOKKEN, PhD, MS, Departments of Global Health and Obstetrics & 3 

Gynecology, University of Washington, Seattle, Washington, United States of America 4 

G. Gray TAYLOR*, BA, Department of Epidemiology, University of Washington, Seattle, 5 

Washington, United States of America 6 

Emily M. HUEBNER*, MS, School of Medicine, University of Washington, Seattle, 7 

Washington, United States of America 8 

Jeroen VANDERHOEVEN, MD, (1) Swedish Maternal Fetal Specialty Center, Swedish 9 

Medical Center, Seattle, Washington, United States of America, (2) Obstetrix Medical 10 

Group, Seattle, Washington, United States of America  11 

Sarah HENDRICKSON, MD, Yakima Valley Farm Worker’s Clinic, Yakima, Washington, 12 

United States of America 13 

Brahm COLER, BA, Elson S. Floyd College of Medicine, Washington State University, 14 

Spokane, Washington, United States of America 15 

Jessica S. SHENG, MD, MultiCare Maternal Fetal Medicine, Tacoma, Washington, 16 

United States of America 17 

Christie L. WALKER, MD, MPH, MultiCare Health System, Tacoma, Washington, United 18 

States of America 19 

Stephen A. MCCARTNEY, MD, PhD, Department of Obstetrics & Gynecology, 20 

University of Washington, Seattle, Washington, United States of America 21 

Nicole M. KRETZER, MD, PhD, Department of Obstetrics & Gynecology, University of 22 

Washington, Seattle, Washington, United States of America 23 

Jo
urn

al 
Pre-

pro
of



2 

 

Rebecca RESNICK, PhD, School of Medicine, University of Washington, Seattle, 24 

Washington, United States of America 25 

Alisa KACHIKIS, MD, MS, Department of Obstetrics & Gynecology, University of 26 

Washington, Seattle, Washington, United States of America 27 

Nena BARNHART, MD, Department of Obstetrics and Gynecology, PeaceHealth St. 28 

Joseph’s Medical Center, Bellingham, Washington, United States of America 29 

Vera SCHULTE, BA, School of Medicine, University of Washington, Seattle, 30 

Washington, United States of America 31 

Brittany BERGAM, BS, School of Medicine, University of Washington, Seattle, 32 

Washington, United States of America 33 

Kimberly K. MA, MD, Department of Obstetrics & Gynecology, University of 34 

Washington, Seattle, Washington, United States of America 35 

Catherine ALBRIGHT, MD, MS, Department of Obstetrics and Gynecology, University 36 

of Washington, Seattle, Washington, United States of America 37 

Valerie LARIOS, Yakima Valley Farm Worker’s Clinic, Yakima, Washington, United 38 

States of America 39 

Lori KELLEY, MSN, RN, Yakima Valley Farm Worker’s Clinic, Yakima, Washington, 40 

United States of America 41 

Victoria LARIOS, BSN, RN, Yakima Valley Farm Worker’s Clinic, Yakima, Washington, 42 

United States of America 43 

Sharilyn EMHOFF, BSN, RN, Virginia Mason Memorial, Yakima, Washington, United 44 

States of America 45 

Jo
urn

al 
Pre-

pro
of



3 

 

Jasmine RAH, BA, School of Medicine, University of Washington, Seattle, Washington, 46 

United States of America 47 

Kristin RETZLAFF, RN, Quality Department, EvergreenHealth Medical Center, Kirkland, 48 

Washington, United States of America 49 

Chad THOMAS, MD, PhD, Department of Obstetrics and Gynecology, PeaceHealth St. 50 

Joseph’s Medical Center, Bellingham, Washington, United States of America 51 

Bettina W. PAEK, MD, (1) Eastside Maternal Fetal Medicine, EvergreenHealth Medical 52 

Center, Kirkland, Washington, United States of America, (2) Obstetrix of Washington, 53 

Bellevue, Washington, United States of America 54 

Rita J. HSU, MD, MS, Women’s and Children’s Health, Confluence Health, Wenatchee, 55 

Washington, United States of America; Department of Obstetrics & Gynecology, 56 

University of Washington, Seattle, Washington, United States of America 57 

Anne ERICKSON, MD, Department of Obstetrics & Gynecology, University of 58 

Washington, Seattle, Washington, United States of America 59 

Andrew CHANG, BS, Yakima Valley Farm Workers Clinic, Yakima, Washington, United 60 

States of America 61 

Timothy MITCHELL, MD, Department of Obstetrics and Gynecology, The Vancouver 62 

Clinic, Vancouver, Washington, United States of America 63 

Joseph K. HWANG, MD, Department of Obstetrics & Gynecology, University of 64 

Washington, Seattle, Washington, United States of America 65 

Rebecca GOURLEY, BA, University of Washington, Seattle, Washington, United States 66 

of America 67 

Jo
urn

al 
Pre-

pro
of



4 

 

Stephen ERICKSON, MD, Jefferson Health Care, Port Townsend, Washington, United 68 

States of America; University of Washington School of Medicine, Seattle, Washington, 69 

United States of America; Elson S. Floyd College of Medicine, Washington State 70 

University, Spokane, Washington, United States of America 71 

Shani DELANEY, MD, Department of Obstetrics & Gynecology, University of 72 

Washington, Seattle, Washington, United States of America 73 

Carolyn R. KLINE, MD, MPH, (1) Eastside Maternal Fetal Medicine,  EvergreenHealth 74 

Medical Center, Kirkland, Washington, United States of America, (2) Obstetrix of 75 

Washington, Bellevue, Washington, United States of America 76 

Karen ARCHABALD, MD, MS, Legacy Health, Vancouver, Washington, United States 77 

of America 78 

Michela BLAIN, MD, Department of Medicine, University of Washington, Seattle, 79 

Washington, United States of America 80 

Sylvia M. LACOURSE, MD, MPH, Departments of Medicine and Global Health, 81 

University of Washington, Seattle, Washington, United States of America 82 

Kristina M. ADAMS WALDORF, MD, Departments of Obstetrics & Gynecology and 83 

Global Health, University of Washington, Seattle, Washington, United States of America 84 

For the Washington COVID-19 in Pregnancy Collaborative 85 

*shared contribution 86 

Disclosure statement: Dr. Alisa Kachikis is on a Pfizer and GlaxoSmithKline Advisory 87 

Board for Immunizations, which is unrelated to the content of this manuscript. The 88 

remaining authors report no conflict of interest.  89 

Jo
urn

al 
Pre-

pro
of



5 

 

Source of financial support: This work was supported primarily by funding from the 90 

University of Washington Population Health Initiative, Department of Obstetrics & 91 

Gynecology and philanthropic gift funds. This work was also supported by the National 92 

Institute of Allergy and Infectious Diseases (grant numbers AI133976, AI145890, 93 

AI143265 and HD098713 to KAW, HD001264 to AK and AI120793 to SML). Study data 94 

were managed using a REDCap electronic data capture tool hosted by the Institute of 95 

Translational Health Sciences at the University of Washington, which was supported by 96 

the National Center for Advancing Translational Sciences (UL1TR002319). The content 97 

is solely the responsibility of the authors and does not necessarily represent the official 98 

views of the National Institutes of Health or other funders.  99 

Role of the funding source: The funders had no role in study design, data collection 100 

and analysis, decision to publish, or preparation of the manuscript. 101 

Corresponding Author: Kristina Adams Waldorf, MD, University of Washington, Box 102 

356460, Seattle, WA 98195-6460, USA; Telephone: 206-616-5258; Fax: 206-543-3915; 103 

Email: adamsk@uw.edu 104 

Word Count: 3,254 words 105 

Abstract Word Count: 482 106 

  107 

Jo
urn

al 
Pre-

pro
of



6 

 

CONDENSATION 108 

The SARS-CoV-2 infection rate was significantly higher in pregnant people compared to 109 

a similarly-aged population and nearly all non-white racial/ethnic groups were 110 

disproportionately affected. 111 

 112 

SHORT TITLE 113 

SARS-CoV-2 Infection Rate in Pregnancy 114 

 115 

AJOG AT A GLANCE 116 

A. Why was the study conducted? To determine the SARS-CoV-2 infection rate in 117 

pregnant patients and assess racial/ethnic disparities in a multi-center, retrospective 118 

cohort study in Washington State. 119 

B. What are the key findings? The SARS-CoV-2 infection rate was significantly higher in 120 

pregnant people (N=240; 13.9/1,000 deliveries) compared to 20-39 year olds (7.3/1,000; 121 

Rate Ratio (RR) 1.7, 95%CI 1.3-2.3) in Washington State. When compared to the 122 

distribution of women in Washington State who delivered live births in 2018, the 123 

proportion of SARS-CoV-2 cases in pregnancy among most racial and ethnic minority 124 

groups was 2-4 fold higher.  125 

C. What does this study add to what is already known? The SARS-CoV-2 infection rate 126 

in pregnant patients was higher than non-pregnant adults in Washington State and 127 

nearly all non-white racial/ethnic groups were disproportionately affected. 128 

Keywords: COVID-19, pregnancy, SARS-CoV-2, coronavirus, fetus, Hispanic, Black, 129 

Alaskan Native, American Indian, Pacific Islander, ethnic disparity, Washington State 130 
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ABSTRACT 131 

Background: During the early months of the coronavirus disease of 2019 (COVID-19) 132 

pandemic, risks to pregnant women of a severe acute respiratory syndrome coronavirus 133 

2 (SARS-CoV-2) infection were uncertain. Pregnant patients can serve as a model for 134 

the success of the clinical and public health response during public health emergencies 135 

as they are typically in frequent contact with the medical system. Population-based 136 

estimates of SARS-CoV-2 infections in pregnancy are unknown due to incomplete 137 

ascertainment of pregnancy status or inclusion of only single centers or hospitalized 138 

cases. Whether pregnant women were protected by the public health response or 139 

through their interactions with obstetrical providers in the early pandemic is poorly 140 

understood. 141 

Objective(s): To estimate the SARS-CoV-2 infection rate in pregnancy and examine 142 

disparities by race/ethnicity and English-language proficiency in Washington State. 143 

Study Design: Pregnant patients with a polymerase chain reaction (PCR)-confirmed 144 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection diagnosed 145 

between March 1-June 30, 2020 were identified within 35 hospitals/clinic systems 146 

capturing 61% of annual deliveries in Washington State. Infection rates in pregnancy 147 

were estimated overall and by Washington State Accountable Community of Health 148 

(ACH) region and cross-sectionally compared to SARS-CoV-2 infection rates in similarly 149 

aged adults in Washington State. Race/ethnicity and language used for medical care 150 

among the pregnant patients were compared to recent data from Washington State.  151 

Results: A total of 240 pregnant patients with SARS-CoV-2 infections were identified 152 

during the study period with 70.7% from minority racial and ethnic groups. The principal 153 

Jo
urn

al 
Pre-

pro
of



8 

 

findings in our study are: 1) The SARS-CoV-2 infection rate in pregnancy was 154 

13.9/1,000 deliveries (95% confidence interval [CI], 8.3-23.2) compared to 7.3/1,000 155 

(95%CI 7.2-7.4) in 20-39 year old adults in Washington State (Rate Ratio [RR] 1.7, 156 

95%CI 1.3-2.3), 2) the SARS-CoV-2 infection rate reduced to 11.3/1000 (95%CI 6.3-157 

20.3) when excluding 45 cases of SARS-CoV-2 detected through asymptomatic 158 

screening (RR 1.3, 95%CI 0.96-1.9), 3) the proportion of SARS-CoV-2 cases in 159 

pregnancy among most non-white racial/ethnic groups was 2-4 fold higher than the race 160 

and ethnicity distribution of women in Washington State who delivered live births in 161 

2018, and 5) the proportion of SARS-CoV-2 infected pregnant patients receiving 162 

medical care in a non-English language was higher than estimates of limited English 163 

proficiency in Washington State (30.4% versus 7.6%).  164 

Conclusions: The SARS-CoV-2 infection rate in pregnant people was 70% higher than 165 

similarly aged adults in Washington State, which could not be completely explained by 166 

universal screening at delivery. Pregnant patients from nearly all racial/ethnic minority 167 

groups and patients receiving medical care in a non-English language were 168 

overrepresented. Pregnant women were not protected from COVID-19 in the early 169 

months of the pandemic with the greatest burden of infections occurring in nearly all 170 

racial/ethnic minority groups. This data coupled with a broader recognition that 171 

pregnancy is a risk factor for severe illness and maternal mortality strongly suggests 172 

that pregnant people should be broadly prioritized for COVID-19 vaccine allocation in 173 

the U.S. similar to some states.174 
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Introduction 175 

In the early coronavirus disease of 2019 (COVID-19) pandemic, risks associated with a 176 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in pregnancy 177 

were uncertain.1 As pregnant patients are typically in frequent contact with the medical 178 

system, they can serve as a model for the success of the clinical and public health 179 

response during public health emergencies. Outside of U.S. urban centers with high 180 

infection rates, studies in the early pandemic reported low SARS-CoV-2 prevalence in 181 

pregnant patients undergoing universal screening at admission for delivery.2-4 182 

Population-based estimates of SARS-CoV-2 infections in pregnancy are lacking due to 183 

incomplete ascertainment of pregnancy status or inclusion of only single centers or 184 

hospitalized cases.5-11 Further, a disproportionate impact of COVID-19 on racial/ethnic 185 

minorities, including among pregnant patients, has been reported.5, 11-15 However, CDC 186 

data is missing pregnancy status for 65% of their COVID-19 case report forms making it 187 

impossible to estimate infection rates in the U.S. pregnant population.16 Population-188 

based studies of COVID-19 in pregnancy with comprehensive data regarding race, 189 

ethnicity, and language is essential to developing effective interventions for populations 190 

disproportionately affected by COVID-19. 191 

 192 

Washington State provides a valuable case study for evaluating the impact of COVID-193 

19 on pregnant individuals. Washington State was the first state to detect community 194 

transmission of SARS-CoV-2 and impose a shelter-in-place order.17 The objectives of 195 

this study were to estimate and compare infection rates in pregnant patients with 196 
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similarly-aged adults in Washington State, as well as examine disparities by 197 

race/ethnicity and language use.  198 

 199 

Materials and Methods 200 

Study Population 201 

The Washington State COVID-19 in Pregnancy Collaborative (WA-CPC) identified 202 

pregnant women (>18 years) with SARS-CoV-2 infections confirmed by a polymerase 203 

chain reaction test from 35 hospitals and clinic systems in Washington State between 204 

March 1, 2020-June 30, 2020 (Fig. 1; Table1). Each site identified patients with an 205 

infection during any trimester of pregnancy irrespective of pregnancy outcome, 206 

abstracted clinical and SARS-CoV-2 testing data from medical records and reported 207 

number of annual deliveries, actual number of deliveries during the study period, and 208 

SARS-CoV-2 testing strategies employed over time.18 Pregnant women were tested for 209 

several reasons during the study period including exposure to a known SARS-CoV-2 210 

case, universal screening prior to procedures or delivery, symptoms, travel, and 211 

personal requests. Testing occurred in the general population for similar reasons, 212 

including universal testing prior to medical procedures, with increasing test availability 213 

over time. Race/ethnicity abstracted from medical charts was self-reported by patients 214 

at care entry.  215 

 216 

This multi-site medical records review was approved by Institutional Review Boards 217 

(IRB) at the University of Washington (STUDY# 00009701, approved 03/06/2020) and 218 

Swedish Medical Center (STUDY #2020000172, approved 03/19/2020). All other sites 219 
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entered into reliance agreements with the University of Washington IRB. The IRB 220 

waived the need for informed consent. Data provided by each site were de-identified. 221 

 222 

Statistical Analysis 223 

To estimate statewide coverage of annual deliveries captured by WA-CPC sites and the 224 

SARS-CoV-2 infection rates in pregnancy, we assessed site-specific data (SARS-CoV-2 225 

cases, number of deliveries) within Washington State Accountable Community of Health 226 

(ACH) regions.19, 20 Due to small case numbers in some of the nine ACH regions, we 227 

collapsed geographically close regions to yield six regions for analysis (Fig. 1A). To 228 

estimate the proportion of annual statewide deliveries captured by collaborating sites, 229 

the number of total site-reported annual deliveries was divided by the number of live 230 

births in 2018 in Washington State and by ACH region using Washington State 231 

Department of Health (WA-DOH) data.19  232 

 233 

The ACH-specific and overall SARS-CoV-2 infection rates in pregnancy (per 1000) at 234 

WA-CPC sites were estimated using the site-specific infection rate (number of 235 

cases/number of deliveries during the study period) and Poisson regression (with 236 

95%CI), with clustering by ACH region for the overall estimate. As a comparison group, 237 

the SARS-CoV-2 infection rates in all 20-39 year olds (females and males) in 238 

Washington State during the study period were calculated using publicly-available 239 

SARS-CoV-2 surveillance data for confirmed cases (numerator) and 2019 population 240 

estimates for 20-39 year olds (denominator); we were unable to exclude cases in men 241 

due to limitations of the publicly available surveillance data.21, 22 This group served as 242 
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the best available proxy estimate for the SARS-CoV-2 infection rate for reproductive-243 

aged women. While women <20 and >39 years of age are fecund, Washington State 244 

SARS-CoV-2 surveillance data were only available in wide categories including 0-19 245 

years, 20-39 years, 40-59 years and older categories; neither age groups 0-19 nor 40-246 

59 were appropriate comparison groups for approximating infection rates in most 247 

reproductive-age women and therefore the 20-39 year old age group was selected for 248 

comparison. Rate ratios (RR) and 95% confidence intervals (CI) were calculated 249 

comparing WA-CPC infection rates in pregnancy to overall SARS-CoV-2 infection rates 250 

among 20-39 years olds in Washington State within each ACH region; an ACH-251 

weighted overall RR was also estimated. To assess how infection rates in pregnancy 252 

may have been affected by increased access to testing in the pregnant population, we 253 

conducted a sensitivity analysis excluding cases of SARS-CoV-2 in pregnancy detected 254 

through asymptomatic universal screening prior to procedures or delivery. We were 255 

unable to subtract cases in the general population comparison group similarly identified 256 

through pre-procedure universal testing. Lastly, WA-DOH provided SARS-CoV-2 case 257 

counts among pregnant females aged 18-50 between March 1-June 30, 2020 by ACH 258 

region for comparison23; pregnancy status was ascertained through public health 259 

department investigation. As a sensitivity analysis, infection rates in pregnancy were 260 

calculated and the DOH-reported case counts and the statewide live births estimated for 261 

March-June 2020 using Washington State 2018 birth data.19   262 

 263 

We compared the race/ethnicity distribution of the study population to that among 264 

women delivering live births in 2018 in Washington State.19 Race/ethnicity was 265 
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categorized as American Indian/Alaska Native, Asian, Black, Hispanic, Native Hawaiian 266 

Other Pacific Islander, Multi-Racial, and White; Hispanic was considered a mutually 267 

exclusive race/ethnicity group to align with WA-DOH categories.19 For each 268 

race/ethnicity category among pregnant patients in the study population, prevalence 269 

and exact 95%CI were estimated with clustering by ACH region. Then, we generated 270 

ACH-weighted prevalence ratios (PR) and 95%CI comparing race/ethnicity in the study 271 

population to the race/ethnicity distribution among women delivering in Washington 272 

State in 2018. In addition, we generated prevalence ratios for the King and Greater 273 

Columbia ACH regions, which had the highest number of SARS-CoV-2 cases through 274 

June 30, 2020.21 For ACH-specific analyses, race/ethnicity data were repressed when 275 

there were <10 cases in alignment with WA-DOH privacy guidelines. In addition, we 276 

compared the proportion of pregnant patients in our study a receiving medical care in a 277 

non-English language to the proportion of individuals in Washington State in 2017 with 278 

limited English language proficiency (individuals >5 years old, who speak English “less 279 

than very well”) per 2014-2017 American Community Survey data reported by the WA-280 

DOH.20 Each publicly-available data source and how it contributed to these analyses is 281 

further described in Table 2.  282 

 283 

Results 284 

Capture of Pregnancies and SARS-CoV-2 Infections Among Pregnant Patients at WA-285 

CPC sites 286 

The estimated proportion of annual deliveries in Washington State covered by the WA-287 

CPC sites was 61.1%, ranging from 35.0-93.0% (Fig. 1A, Table 1). Of 35 WA-CPC 288 
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sites, 22 (62.9%) were hospitals and 13 were clinics providing prenatal care only. 289 

Patients were universally screened for SARS-CoV-2 by nasopharyngeal swab prior to or 290 

at the time of the delivery admission in 14%, 64% and 76% of hospitals by the end of 291 

March, April and May, respectively. The five hospitals without universal testing at 292 

delivery by the end of May had initiated universal testing for scheduled delivery 293 

admissions only.  294 

   295 

Two-hundred and forty cases of SARS-CoV-2 infections in pregnancy were detected by 296 

WA-CPC sites.24 The majority of SARS-CoV-2 cases in pregnancy were detected in the 297 

King (39.2%, n=94) and Greater Columbia (36.7%, n=88) ACH regions (Fig. 1B, Table 298 

1). Of the WA-CPC cases, 15.8% (n=38) were detected in the first trimester, 27.9% 299 

(n=67) in second trimester, and 56.3% (n=135) in third trimester pregnancies, as 300 

previously reported.24 Of these cases, 18.8% (45/240) were diagnosed through 301 

asymptomatic screening strategies (pre-procedure and universal screening prior to 302 

delivery); this excludes patients who were asymptomatic but tested due to having a 303 

known exposure to COVID-19.  304 

 305 

During the study period, the WA-DOH identified 346 cases of SARS-CoV-2 in 306 

pregnancy throughout Washington state, but pregnancy status was missing for 35% of 307 

cases in females aged 18-50.25 The WA-CPC captured an estimated 69.4% (240/346) 308 

of the total number of SARS-CoV-2 infections in pregnancy reported to the WA-DOH, 309 

ranging from 26.7%-110.0% at the ACH region level (Table 1). However, direct linking 310 
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of WA-CPC and WA-DOH cases was not possible so the exact overlap of WA-CPC and 311 

WA-DOH identified cases is unknown.  312 

 313 

SARS-CoV-2 Infection Rates 314 

The overall infection rate in pregnancy at WA-CPC sites was 13.9/1000 deliveries 315 

(95%CI 8.3-23.2). At the ACH region level, infection rates in pregnancy at WA-CPC 316 

Sites ranged from 6.2/1000 (95%CI 3.2-11.2) to 33.2/1000 deliveries (95%CI 26.9-40.9) 317 

(Fig. 1B, Table 2). In the King ACH region, where capture of annual deliveries and of 318 

state reported SARS-CoV-2 cases in pregnancy were >90%, the infection rate in 319 

pregnancy at WA-CPC sites was 12.9/1000 deliveries (95%CI 10.5-15.8). When 320 

compared to the SARS-CoV-2 infection rate among 20-39 year olds in Washington 321 

State of 7.3/1000 (95%CI 7.2-7.4), the overall infection rate in pregnancy at WA-CPC 322 

sites was a significant 1.7 times higher (ACH-weighted RR 1.7; 95%CI 1.3-2.3; Table 2). 323 

This equates to an absolute risk difference of 5.4/1000 (95%CI 0.8-10.0). There were 324 

significantly higher infection rates in pregnancy in some, but not all, ACH regions (Table 325 

2). For example, in the King ACH region, there was a 2.2 times higher rate of SARS-326 

CoV-2 infections in pregnant women at WA-CPC sites compared to the 20-39 year old 327 

population (RR 2.2, 95%CI 1.8-2.8). In the sensitivity analysis estimating the infection 328 

rate in pregnancy using the WA-DOH reported SARS-CoV-2 in pregnancy case counts, 329 

the statewide infection rate in pregnancy was similar to that estimated using data from 330 

WA-CPC sites (WA DOH: 12.1/1000 deliveries, 95%CI 10.8-13.4) and was also a 331 

significant 1.7 times higher than that of 20-39 year olds in Washington State (95%CI 332 

1.4-2.2; Table S3). Lastly, when excluding the 45 cases of SARS-CoV-2 in pregnancy 333 
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that were detected through asymptomatic screening strategies (pre-procedure and 334 

universal testing at delivery) at WA-CPC sites, the overall infection rate in pregnancy at 335 

WA-CPC sites was 11.3/1000 deliveries (95%CI 6.3-20.3), which was 30% higher than 336 

the infection rate among Washingtonians aged 20-39 years old (ACH-weighted RR 1.3, 337 

95%CI 0.96-1.9; Table S4). 338 

 339 

Racial/Ethnic Groups 340 

Among the 240 SARS-CoV-2 cases in pregnancy detected by WA-CPC, the majority 341 

were among racial and ethnic minority groups including 52.5% (n=126) among Hispanic 342 

women, 8.3% (n=20) among Black women, and 3.3% each for American Indian/Alaska 343 

Native (n=8), Asian (n=8), and Native Hawaiian/Other Pacific Islander (n=8) women 344 

(Table 3). When compared to the distribution of women in Washington State who 345 

delivered live births in 2018, the proportion of SARS-CoV-2 cases in pregnancy among 346 

most racial and ethnic minority groups were 2.0-3.9 fold higher (Table 3). For example, 347 

the proportion of SARS-CoV-2 cases in pregnancy among Hispanic women was 2.1-348 

times higher (ACH-weighted PR 2.1, 95%CI 1.4-3.1) than the proportion of Hispanic 349 

women delivering in 2018 in Washington State (52.5% versus 18.6%; Table 3). In 350 

contrast, the proportion of White and Asian pregnant women with SARS-CoV-2 351 

infections was lower than expected based on 2018 birth data (White ACH-weighted PR 352 

0.6, 95%CI 0.3-1.1; Asian ACH-weighted PR 0.4, 95%CI 0.1-1.5).  353 

 354 

There were similar racial/ethnic disparities observed when focusing on King and Greater 355 

Columbia ACH regions, which experienced the worst SARS-CoV-2 outbreaks during the 356 
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study period and where the WA-CPC had highest coverage (Table 1, Table 5). In the 357 

King ACH, there was a 2.4-fold higher prevalence of Hispanic women (95%CI 1.6-3.4, 358 

30.9% vs. 13.1%) and 2.1-fold higher prevalence of Black women (95%CI 1.2-3.3, 359 

19.2% vs. 9.3%) with SARS-CoV-2 in pregnancy compared to the 2018 race/ethnicity 360 

distribution of women delivering in the region. In contrast, the proportion of pregnant 361 

patients with a SARS-CoV-2 infection who were White was 50% lower than expected in 362 

the King ACH region (PR 0.5, 95%CI 0.3-0.7; 22.3% vs. 47.1%). In the Greater 363 

Columbia ACH region, a disproportionate number of cases also occurred in Hispanic 364 

women compared to the distribution of race/ethnicity among women delivering in the 365 

region in 2018 (PR 1.9, 95%CI 1.5-2.4, 85.2% vs. 44.4%).  366 

 367 

Language Used During Medical Encounters 368 

Of the pregnant patients with a SARS-CoV-2 infection, 24.6% (n=59) received medical 369 

care in Spanish and 5.8% (n=14) in other languages. The proportion of pregnant 370 

patients using a non-English language in WA-CPC was higher than individuals with 371 

limited English proficiency statewide (WA-CPC crude estimate: 30.4% vs. WA State: 372 

7.6%. This prevalence difference in use of a non-English language was also observed 373 

in the King and Greater Columbia ACH. In the King ACH, 26.6% (25/94) of pregnant 374 

patients with a SARS-CoV-2 infection were provided care in a non-English language 375 

compared to 10.6% (95%CI 10.4-10.8) of all individuals in the ACH with limited English 376 

proficiency.20 In the Greater Columbia ACH, 34.1% (30/88) of pregnant women with 377 

COVID-19 were provided care in a non-English language versus 12.0% (95%CI 11.6-378 

12.3) of individuals in the region with limited English proficiency.20  379 
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 380 

Discussion 381 

Principal Findings 382 

In the early months of the COVID-19 pandemic, the SARS-CoV-2 infection rate was 383 

70% higher in pregnant patients than in similarly-aged adults in Washington State. This 384 

remained 30% higher after excluding pregnant patients whose SARS-CoV-2 infections 385 

were detected through asymptomatic screening strategies including pre-procedure and 386 

universal screening at delivery. We also detected significant disparities in the proportion 387 

of SARS-CoV-2 infections occurring among pregnant women from most racial/ethnic 388 

minority groups, particularly among Hispanic and American Indian/Alaska Native 389 

pregnant patients, as well as a disproportionate number of SARS-CoV-2 infections in 390 

pregnant patients receiving medical care in a non-English language. The higher 391 

infection rates in pregnant patients coupled with an elevated risk for severe illness and 392 

maternal mortality16, 24, 25 due to COVID-19 suggests that pregnancy should be 393 

considered a high-risk health condition for COVID-19 vaccine allocation in Phase 1B 394 

across the United States (U.S.), similar to some U.S. states (i.e. Texas26, New 395 

Hampshire27, New Mexico28, Alaska29).  396 

 397 

Results in the Context of What is Known 398 

While not considered an immunosuppressed condition, pregnancy is associated with an 399 

increased risk of disease severity for some infections and potentially, acquisition risk.30-400 

36 However, population-based studies are lacking to compare infection rates in pregnant 401 

and non-pregnant patients and disentangling behavioral and biological determinants of 402 
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infection susceptibility is challenging. While the increased infection rate in pregnant 403 

patients may be largely driven by increased testing, it remained elevated compared to 404 

the general population in the sensitivity analysis excluding cases detected through 405 

universal testing pre-procedure and at delivery admission. Notably, our infection rate 406 

estimate excluding asymptomatic cases was conservative as we were not able to 407 

similarly exclude those in the general population whose infections were also detected 408 

through universal testing prior to medical procedures. Whether an increased infection 409 

rate in pregnancy has a biological basis or is due to other factors, such as increased 410 

testing, greater exposure by living in inter-generational households, working in higher-411 

risk occupations (i.e. healthcare, teaching, service industries) or selection bias is 412 

unknown.  413 

 414 

Our data also demonstrate a disproportionate burden of SARS-CoV-2 among non-white 415 

pregnant patients in our study population in Washington State. When compared to the 416 

distribution of women in Washington State who delivered live births in 2018, the 417 

proportion of SARS-CoV-2 cases in pregnancy among most racial and ethnic minority 418 

groups was 2-4 fold higher, with the greatest disparity among Hispanic and American 419 

Indian/Alaska Native pregnant patients. Large disparities in rates of SARS-CoV-2 420 

infections have been reported in the U.S. for individuals of Black, Hispanic, Native 421 

American and Native Hawaiian or Pacific Islander race or ethnicity.6, 12, 13, 15, 37 A 422 

fundamental cause of health disparities is the socioeconomic inequality that arises from 423 

structural racism and decades of limited access to quality healthcare, education, and 424 

housing.38, 39 Pregnant patients with SARS-CoV-2 infections were also more likely to 425 
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receive care in a non-English language compared to the statewide prevalence of limited 426 

English proficiency. 427 

 428 

Clinical and Research Implications 429 

This data provides the first evidence that pregnant individuals may have a higher SARS-430 

CoV-2 infection rate than a similarly-aged population. Whether pregnant patients are 431 

truly at a higher risk is yet unknown and exploring mechanisms for a potentially elevated 432 

infection risk will be challenging with limited data currently available. However, this data 433 

should lead to a greater public health response to prevent infections in pregnant women 434 

and to focus efforts on individuals from minority racial/ethnic groups and with limited 435 

English proficiency. Culturally-appropriate public health messaging focused on 436 

preventing SARS-CoV-2 infections in pregnancy, including messages in multiple 437 

languages, and services targeting disproportionately affected communities is 438 

desperately needed.40 This data should also inform research investigating risk factors 439 

faced by pregnant individuals for SARS-CoV-2 infection including household 440 

transmission, employment in high-risk occupations (e.g. healthcare) and potential 441 

biological determinants of infection susceptibility. 442 

 443 

Strengths and Limitations 444 

This study had several strengths. WA-CPC sites captured 61% of annual deliveries in 445 

Washington State, including the vast majority in ACH regions with highest SARS-CoV-2 446 

cases reported to WA-DOH. We included all COVID-19 cases in pregnancy, including 447 

all trimesters, hospitalized and non-hospitalized cases, independent of pregnancy 448 
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outcome. Study limitations include selection bias due to incomplete ascertainment of all 449 

pregnancy cases in Washington State. Differences in socio-demographic characteristics 450 

of pregnant patients and SARS-CoV-2 testing strategies among participating versus 451 

non-participating facilities may have introduced bias in infection rate estimates and size 452 

of racial/ethnic disparities. Notably, although the WA-DOH captured statewide data, 453 

pregnancy status was missing in approximately 35% of case report forms for 454 

reproductive-aged females; we may have captured cases not reported to WA-DOH, but 455 

were unable to estimate degree of non-overlap. The ideal comparison group for the WA-456 

CPC SARS-CoV-2 cases in pregnancy would have been non-pregnant reproductive 457 

aged females, but data on these women were not collected in our study. Therefore, the 458 

best available comparison group for comparing infection rates to reproductive aged 459 

females was publicly-available WA-DOH data; COVID-19 surveillance data were 460 

available by age (presented in 20 year categories) or gender, but not both, necessitating 461 

a comparison to females and males between 20-39 years.21 In addition, we did not have 462 

individual-case data for any publicly-available datasets so were unable to adjust for 463 

individual level characteristics. Moreover, pregnant adolescents (<18 years old) were 464 

excluded in our study, but included in overall delivery numbers; though, adolescents 465 

only account for <1% of births in Washington State minimizing concern for bias.19 466 

Publicly-available WA-DOH data also served as imperfect proxies for the ideal 467 

denominators for analyses of racial/ethnic and language disparities. Nonetheless, this 468 

study provided statewide and regional assessments of infection rates in pregnancy, 469 

including cases from all pregnancy trimesters, and identified pervasive demographic 470 

disparities in pregnant individuals with SARS-CoV-2 infections.  471 
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 472 

Conclusions 473 

During the early COVID-19 pandemic, pregnant patients in Washington State had a 474 

70% higher SARS-CoV-2 infection rate than similarly-aged adults, which in part reflects 475 

a population that was prioritized for testing. However, we can conclude that pregnant 476 

patients were not protected in the early pandemic in Washington State by the public 477 

health response or through frequent interactions with obstetrical care providers. Further, 478 

the greatest burden of infections occurred within racial/ethnic minority groups and 479 

patients preferring a non-English language. Understanding the geographical, 480 

racial/ethnic and language distribution of SARS-CoV-2 infections among pregnant 481 

patients would enable targeting the public health response to pregnant patients at 482 

greatest risk for SARS-CoV-2 infection and associated adverse maternal-fetal 483 

outcomes.11, 18, 24, 41-43 Broader recognition that pregnancy is a risk factor for severe 484 

illness and maternal mortality16, 24, 25 coupled with a higher infection rate in pregnancy 485 

strongly suggests that pregnant people should be broadly prioritized for COVID-19 486 

vaccine allocation in the U.S. similar to some states.26-29   487 Jo
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Figure Legend 

 

Figure 1. In panel A, the number of study sites (circles) and proportion of deliveries 

(color gradient) captured by the Washington State COVID-19 in Pregnancy 

Collaborative is depicted within each Washington State Department of Health 

Accountable Community of Health (ACH) region. In panel B, the number of COVID-19 

cases in pregnant patients within each ACH is shown numerically and by circle size with 

infection depicted by the color gradient. 
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Table 1. WA-CPC Statewide Coverage of Pregnancies and Cases of SARS-CoV-2 Reported to WA-DOH 

Accountable Community of Health 

Washington State COVID-19 in Pregnancy Coverage SARS-CoV-2 Cases in Pregnancy 

Sites 

Annual 

deliveries at 

sitesi 

Live Births in WA State  

in 2018ii 

Cases 

detected by 

WA-CPC 

Cases reported to  

WA-DOHiii 

N N (%) N (%) 
% captured 

by WA-CPC 
N (%) N (%) 

% 

captured 

by WA-

CPCiv 

Better Heath Together/North Central  7 3832  (7.3) 10129  (11.8) 37.8% 14  (5.8) 23  (6.6) 60.9% 

Greater Columbia 10 7720  (14.7) 9438  (11.0) 81.8% 88  (36.7) 135  (39.0) 65.2% 

King 9 22623  (43.1) 24337  (28.3) 93.0% 94  (39.2) 98  (28.3) 95.9% 

North Sound 3 7460  (14.2) 14265  (16.6) 52.3% 16  (6.7) 60  (17.3) 26.7% 

Pierce 2 5148  (9.8) 11462  (3.3) 44.9% 17  (7.1) 20  (5.8) 85.0% 

SW WA Regional 

Health/Olympic/Cascade Pacific 

Action Alliance 

4 5725  (10.9) 16375  (19.0) 35.0% 11  (4.6) 10  (2.9) 110.0% 

Washington State Total 35 52508 (100) 86006v  (100) 61.1% 240  346  69.4% 
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Abbreviations: WA-CPC - Washington State COVID 19 in Pregnancy Collaborative; WA DOH – Washington State 
Department of Health 

i Approximate annual deliveries were reported by each site.  
ii 2018 data from the Washington Department of Health’s Birth Data Dashboard tool (Birth Certificate Data, 2000-2018, 
Community Health Assessment Tool)19 
iii Case counts of confirmed SARS-CoV-2 cases among females aged 18-50 who were pregnant at the time of infection 
were provided by the Washington State Department of Health for March 1-June 30, 2020. Pregnancy status was 
ascertained through case interviews or by local health jurisdiction investigation. In 35% of SARS-CoV-2 case records 
among females aged 18-50, pregnancy status was unknown or missing. 
iv Direct linking of WA-CPC and WA-DOH cases was not possible so the exact overlap of WA-CPC and WA-DOH 
identified cases is unknown. 
v The total number of live births in WA State in 2018 was 84,046, but 40 were not attributed to an ACH. 
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Table 2. SARS-CoV-2 Infection Rates in Pregnancy in Washington State  

Accountable 

Community of Health 

Washington State COVID-19 in Pregnancy 

Collaborative  
Washington State: 20-39 Year Olds 

Rate Ratio 
Cases in 

pregnancy 

Deliveries 

during study 

period 

SARS-CoV-2 

Infection rate/ 

1000 deliveries 

Casesi Populationii 

SARS-CoV-2 

Infection rate/ 

1000  

N (%) N (%) Rate (95%CI) N (%) N Rate (95%CI) RR (95%CI) 

Better Heath 

Together/North Central  
14  (5.8) 1,318   (7.6) 10.6 (6.3, 17.9) 1,746  (11.5) 214,300 8.1  (7.8, 8.5) 1.3 (0.7, 2.2) 

Greater Columbia 88  (36.7) 2,653 (15.4) 33.2 (26.9, 40.9) 5,459 (35.8) 193,851 28.2  (27.4, 28.9) 1.2 (0.9, 1.4) 

King 94  (39.2) 7,283 (42.3) 12.9 (10.5, 15.8) 4,274  (28.0) 744,386 5.7    (5.6, 5.9) 2.2 (1.8, 2.8) 

North Sound 16  (6.7) 2,506 (14.5) 6.4 (3.9, 10.4) 1,752  (11.5) 325,671 5.4    (5.1, 5.6) 1.2 (0.7, 1.9) 

Pierce 17  (7.1) 1,696 (9.8) 10.0 (6.2, 16.1) 1,173  (7.7) 239,814 4.9    (4.6, 5.2) 2.0 (1.2, 3.3) 

SW WA Regional 

Health/Olympic/ Cascade 

Pacific Action Alliance  

11  (4.6) 1,777 (10.3) 6.2 (3.4, 11.2) 834  (5.5) 358,226 2.3  (2.2, 2.5) 2.7 (1.3, 4.8) 

Washington State Total  240  17,233  13.9 (8.3, 23.2)iii 15,238iv  2,076,248 7.3 (7.2, 7.4) 1.7 (1.3, 2.3)v 

 

                                                           
i Case data were calculated for March 1-June 28, 2020 (closest available date to June 30, 2020) using the “COVID-19 in 
Washington State: Confirmed Cases, Hospitalizations and Deaths by Week of Illness Onset, County, and Age” dataset available 
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from the Washington State Department of Health at https://www.doh.wa.gov/Emergencies/COVID19/DataDashboard. Counts 
include females and males.21 
ii Population estimate calculated using the 2019 post-censal population estimates from the WA Office of Financial 
Management.22  
iii Infection rates were calculated with Poisson regression with additional clustering by Accountable Community of Health (ACH) 
for the statewide estimate. 
iv The overall number of SARS-CoV-2 cases through June 28, 2020 was 15,238, but 20 cases were not assigned to an ACH.  
v The state-wide rate ratio is an ACH-weighted state estimate.  
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Table 3. Race/Ethnicity Among Pregnant Patients with SARS-CoV-2 Infections Compared to Washington State 

 Washington State COVID-

19 in Pregnancy 

Collaborativea  

(N=240) 

Washington State 

2018 Live Birthsb 

(N=86,046) 

Prevalence Ratioc 

Race/Ethnicity n (%) (95%CI) n (%) PR (95%CI)  

Hispanic 126 (52.5) (11.9, 90.7) 16,010 (18.6) 2.1 (1.4, 3.1) 

American Indian/Alaska Native-NH 8 (3.3) (0.1, 16.2) 1,206 (1.4) 3.8 (1.3, 9.7) 

Asian-NH 8 (3.3) (0.3, 12.6) 8,843 (10.3) 0.4 (0.1, 1.5) 

Native Hawaiian or Other Pacific Islander-NH 8 (3.3) (0.4, 11.6) 1,195 (1.4) 3.9 (0.8,13.0) 

Black-NH 20 (8.3) (0.3, 36.4) 4,151 (4.8) 2.0 (1.1, 3.7) 

White-NH 51 (21.3) (5.8, 46.9) 49,513 (57.6) 0.6 (0.3, 1.1) 

Multiracial/Otherd 5 (2.1) (0.04, 11.8) 3,772 (4.4) 1.3 (0.4, 3.1) 

Unknown 14 (5.8) (1.1, 17.0) 1,356 (1.6) 5.9 (2.4, 13.3) 

 

                                                           

Abbreviations: NH - Non-Hispanic 
a Estimated with clustering by ACH region 
b 2018 data from the Washington Department of Health’s Birth Data Dashboard tool (Birth Certificate Data, 2000-2018, Community 
Health Assessment Tool).19  
c Prevalence ratios and 95%CI were ACH-weighted.  
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d For the Washington State COVID-19 in Pregnancy Collaborative, data were abstracted from the medical records. The 
“other” category reflects the patient’s self-reported designation of their race/ethnicity to the health care provider. The 
Washington State Department of Health data does not include an “other” category.  
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