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Research

Pregnant and recently pregnant people infected with SARS-
CoV-2, the virus that causes COVID-19, are at increased risk for 
severe illness and death when compared with nonpregnant peo-
ple.1-4 While the absolute risk for severe outcomes among preg-
nant and recently pregnant people is low, reported risk factors for 
severe COVID-19 in pregnancy include higher maternal age, 
high body mass index (BMI), non-White race, certain preexist-
ing health conditions (eg, chronic hypertension, pre-pregnancy 
diabetes), and pregnancy complications such as gestational dia-
betes and preeclampsia.2,5,6 While many studies have reported on 
the characteristics of pregnant people with COVID-19 compared 
with nonpregnant people with COVID-19, few population-based 
studies have examined how the characteristics of pregnant peo-
ple with and without COVID-19 differ. This comparison is criti-
cal to identify disparities and enrich our understanding of who is 
being most impacted by COVID-19 during pregnancy, espe-
cially as initial hospital-based and community-level studies 

suggest that racially and ethnically minoritized groups might 
experience higher rates of SARS-CoV-2 infection during preg-
nancy when compared with non-Hispanic White pregnant 
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Abstract

Objectives: Pregnant people infected with SARS-CoV-2, the virus that causes COVID-19, are at increased risk for severe 
illness and death compared with nonpregnant people. However, population-based information comparing characteristics 
of people with and without laboratory-confirmed SARS-CoV-2 infection during pregnancy is limited. We compared the 
characteristics of people with and without SARS-CoV-2 infection during pregnancy in Massachusetts.

Methods: We compared maternal demographic characteristics, pre-pregnancy conditions, and pregnancy complications 
of people with and without SARS-CoV-2 infection during pregnancy with completed pregnancies resulting in a live birth in 
Massachusetts during March 1, 2020–March 31, 2021. We tested for significant differences in the distribution of characteristics 
of pregnant people by SARS-CoV-2 infection status overall and stratified by race and ethnicity. We used modified Poisson 
regression analyses to examine the association between race and ethnicity and SARS-CoV-2 infection during pregnancy.

Results: Of 69 960 completed pregnancies identified during the study period, 3119 (4.5%) had laboratory-confirmed SARS-
CoV-2 infection during pregnancy. Risk for SARS-CoV-2 infection was higher among Hispanic (adjusted risk ratio [aRR] = 
2.3; 95% CI, 2.1-2.6) and non-Hispanic Black (aRR = 1.9; 95% CI, 1.7-2.1) pregnant people compared with non-Hispanic 
White pregnant people.

Conclusions: This study demonstrates the disproportionate impact of SARS-CoV-2 infection on Hispanic and non-Hispanic 
Black pregnant people in Massachusetts, which may widen existent inequities in maternal morbidity and mortality. Future 
research is needed to elucidate the structural factors leading to these inequities.
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people.7-9 We compared the characteristics of pregnant people 
with and without laboratory-confirmed SARS-CoV-2 infection 
in Massachusetts.

Methods

To identify pregnant people in Massachusetts with laboratory-
confirmed SARS-CoV-2 infection during pregnancy and with 
completed pregnancies resulting in live births, we linked data 
on people identified as females of reproductive age (defined as 
aged 11-59 years) with SARS-CoV-2 infection confirmed by 
positive molecular testing results obtained from infectious dis-
ease case reports10 with data from provisional birth certificates 
(unpublished data, Massachusetts Department of Public Health, 
Registry of Vital Records and Statistics) from March 1, 2020, 
through March 31, 2021. This activity received a determination 
of not research by the Massachusetts Department of Public 
Health Institutional Review Board.

We performed deterministic data linkages between birth 
certificates and infectious disease case reports using various 
combinations of first, last, and maiden name; date of birth; and 
address; linkages were made using exact matches on date of 
birth, street address, and zip code, as well as the first 3 letters, 
SOUNDEX, and SPELLDEX11 functions applied to first, last, 
and maiden names. Among people with laboratory-confirmed 
SARS-CoV-2 infection who linked to a provisional birth cer-
tificate, we excluded people whose SARS-CoV-2 test date 
occurred outside their pregnancy window. For people with data 
available on the date of their last menstrual period (LMP), we 
considered the pregnancy window as the time between LMP 
and their date of delivery. For pregnant people missing infor-
mation on LMP, we first looked to see whether data on gesta-
tional age at delivery were available; if the duration (in weeks) 
between receiving a positive test result for SARS-CoV-2 and 
date of delivery was within 1 week of the gestational age at 
delivery (in weeks), then we considered the SARS-CoV-2 test 
to occur during the pregnancy window. For those missing data 
on both LMP and gestational age, we operationalized the preg-
nancy window as the 300-day period before their delivery date. 
People with provisional birth certificates that did not link to 
laboratory-confirmed SARS-CoV-2 case reports during the 
same calendar time or that linked but the SARS-CoV-2 positive 
test result was outside the pregnancy window were considered 
our comparison group (ie, pregnant people without laboratory-
confirmed SARS-CoV-2). We obtained data on demographic 
characteristics, comorbidities, prenatal care adequacy (as deter-
mined by the adequacy of prenatal care utilization [Kotelchuck] 
index12), and pregnancy complications from birth certificates 
for people with and without SARS-CoV-2 infection during 
pregnancy. We performed Pearson χ2 tests to determine signifi-
cant differences in distributions of characteristics of pregnant 
people by infection status overall and stratified by race and eth-
nicity. We considered P < .05 to be significant.

We used modified Poisson regression to calculate crude 
risk ratios (RRs) and adjusted risk ratios (aRRs) and 95% CIs 

for SARS-CoV-2 infection for various racial and ethnic 
groups, with non-Hispanic White as the referent group. We 
top-coded Hispanic ethnicity over other race variables, and 
we determined non-Hispanic ethnicity for those with other 
non-Hispanic ethnicities and those missing ethnicity informa-
tion. We excluded people with unknown or missing data 
before conducting Pearson χ2 tests and modified Poisson 
regression. We adjusted for all potential covariates (ie, age, 
education level, preferred spoken language, health insurance 
type at delivery, nativity status, pre-pregnancy BMI, pre-
pregnancy and gestational diabetes, pre-pregnancy and gesta-
tional hypertension, receipt of prenatal care, and adequacy of 
prenatal care) in our fully adjusted model. In our parsimoni-
ous model, we used backward deletion to identify confound-
ers that changed our estimates >10% (nativity status and 
health insurance type). We conducted all data linkages and 
analyses using SAS version 9.4 (SAS Institute, Inc).

Results

We identified 69 960 completed pregnancies resulting in a live 
birth during the study period, of which 3119 (4.5%) had labo-
ratory-confirmed SARS-CoV-2 infection during pregnancy. 
We found significant differences by SARS-CoV-2 infection 
status for race and ethnicity, age, education level, preferred 
spoken language, health insurance at delivery, nativity, pre-
pregnancy BMI, pre-pregnancy diabetes, gestational hyperten-
sion, and prenatal care adequacy. Compared with pregnant 
people without infection, a higher proportion of pregnant peo-
ple with SARS-CoV-2 infection were Hispanic or non-His-
panic Black, Spanish speaking, non–US-born, or aged <30 
years (Table 1). A higher proportion of people with infection 
(vs no infection) during pregnancy had <high school education, 
public health insurance, or inadequate prenatal care. We found 
no significant differences by infection status for many of the 
comorbidities or pregnancy complications examined; however, 
when compared with pregnant people without infection, a 
higher proportion of people infected with SARS-CoV-2 during 
pregnancy had pre-pregnancy diabetes, gestational hyperten-
sion, and BMI ≥30 kg/m2.

When stratified by race and ethnicity (Table 2), data were 
available for 96.0% of our sample (n = 67 154). We observed 
significant differences in characteristics associated with 
infection status by race and ethnicity. Compared with people 
without infection belonging to the same racial and ethnic 
groups, a higher proportion of pregnant people with SARS-
CoV-2 infection had fewer years of education, spoke a pre-
ferred language other than English, were non–US-born, and 
had a pre-pregnancy BMI ≥30 kg/m2. We observed addi-
tional differences by SARS-CoV-2 infection status within 
racial and ethnic groups. Higher proportions of people with 
infection had public health insurance among Hispanic 
(81.8% vs 73.0%), non-Hispanic White (31.6% vs 21.7%), 
and non-Hispanic Asian/Pacific Islander (38.8% vs 23.0%) 
pregnant people, but this difference was not significant 
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Table 1.  Characteristics of people with and without laboratory-confirmed SARS-CoV-2 infection during pregnancy, Massachusetts, 
March 2020–March 2021a,b

Characteristic

Pregnant people 
without SARS-CoV-2 
infection (n = 66 841)

Pregnant people 
with SARS-CoV-2 

infection (n = 3119)
Total  

(N = 69 960) P valuec

Race and ethnicity <.001
  Hispanic 13 216 (19.8) 1319 (42.3) 14 535 (20.8)
  Non-Hispanic Black 6607 (9.9) 484 (15.5) 7091 (10.1)
  Non-Hispanic White 37 586 (56.2) 980 (31.4) 38 566 (55.1)
  Non-Hispanic Asian/Pacific Islander 6109 (9.1) 170 (5.5) 6279 (9.0)
  Non-Hispanic American Indian/Alaska 

Native and non-Hispanic Other
650 (1.0) 33 (1.1) 683 (1.0)

  Unknown/missing 2673 (4.0) 133 (4.3) 2806 (4.0)
Age, y <.001
  <20 1351 (2.0) 120 (3.8) 1471 (2.1)
  20-24 6670 (10.0) 480 (15.4) 7150 (10.2)
  25-29 14 299 (21.4) 843 (27.0) 15 142 (21.6)
  30-34 25 719 (38.5) 990 (31.7) 26 709 (38.2)
  35-39 15 455 (23.1) 540 (17.3) 15 995 (22.9)
  ≥40 3343 (5.0) 146 (4.7) 3489 (5.0)
  Unknown/missing 4 (0) 0 4 (0)
Education <.001
  <High school graduate 4862 (7.3) 505 (16.2) 5367 (7.7)
  High school graduate or GED 10 786 (16.1) 744 (23.9) 11 530 (16.5)
  Some college 10 965 (16.4) 676 (21.7) 11 641 (16.6)
  Associate’s degree 4167 (6.2) 210 (6.7) 4377 (6.3)
  Bachelor’s degree or higher 34 294 (51.3) 835 (26.8) 35 129 (50.2)
  Unknown/missing 1767 (2.6) 149 (4.8) 1916 (2.7)
Preferred spoken language <.001
  English 58 450 (87.5) 2236 (71.7) 60 686 (86.7)
  Spanish 3653 (5.5) 578 (18.5) 4231 (6.0)
  Portuguese 1362 (2.0) 135 (4.3) 1497 (2.1)
  Cape Verdean Creole 193 (0.3) 33 (1.1) 226 (0.3)
  Haitian Creole 278 (0.4) 17 (0.5) 295 (0.4)
  Other 1032 (1.5) 43 (1.4) 1075 (1.5)
  Unknown/missing 1873 (2.8) 77 (2.5) 1950 (2.8)
Health insurance at delivery <.001
  Private 40 190 (60.1) 1178 (37.8) 41 368 (59.1)
  Public 24 100 (36.1) 1859 (59.6) 25 959 (37.1)
  Self-pay/none/other 836 (1.3) 27 (0.9) 863 (1.2)
  Unknown/missing 1715 (2.6) 55 (1.8) 1770 (2.5)
Nativity status <.001
  US-born 45 036 (67.4) 1441 (46.2) 46 477 (66.4)
  Non–US-born 21 426 (32.1) 1665 (53.4) 23 091 (33.0)
  Unknown/missing 379 (0.6) 13 (0.4) 392 (0.6)
Pre-pregnancy body mass index, kg/m2 <.001
  <18.5 2091 (3.1) 69 (2.2) 2160 (3.1)
  18.5-24.9 31 153 (46.6) 1064 (34.1) 32 217 (46.1)
  25.0-29.9 17 558 (26.3) 985 (31.6) 18 543 (26.5)
  ≥30.0 14 614 (21.9) 894 (28.7) 15 508 (22.2)
  Unknown/missing 1425 (2.1) 107 (3.4) 1532 (2.2)
Pre-pregnancy diabetes <.001
  Yes 633 (1.0) 50 (1.6) 683 (1.0)
  No 65 712 (98.3) 3038 (97.4) 68 750 (98.3)
  Unknown/missing 496 (0.7) 31 (1.0) 527 (0.8)

 (continued)
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Characteristic

Pregnant people 
without SARS-CoV-2 
infection (n = 66 841)

Pregnant people 
with SARS-CoV-2 

infection (n = 3119)
Total  

(N = 69 960) P valuec

Gestational diabetes .63
  Yes 5423 (8.1) 245 (7.9) 5668 (8.1)
  No 60 922 (91.1) 2843 (91.2) 63 765 (91.1)
  Unknown/missing 496 (0.7) 31 (1.0) 527 (0.8)
Pre-pregnancy hypertension .96
  Yes 1560 (2.3) 73 (2.3) 1633 (2.3)
  No 64 785 (96.9) 3015 (96.7) 67 800 (96.9)
  Unknown/missing 496 (0.7) 31 (1.0) 527 (0.8)
Gestational hypertension <.03
  Yes 2904 (4.3) 162 (5.2) 3066 (4.4)
  No 62 232 (93.1) 2903 (93.1) 65 135 (93.1)
  Unknown/missing 1705 (2.6) 54 (1.7) 1759 (2.5)
Receipt of prenatal care .90
  Yes 65 978 (98.7) 3078 (98.7) 69 056 (98.7)
  No 267 (0.4) 12 (0.4) 279 (0.4)
  Unknown/missing 596 (0.9) 29 (0.9) 625 (0.9)
Adequacy of prenatal cared <.001
  Inadequate 28 421 (42.5) 1386 (44.4) 29 807 (42.6)
  Adequate 31 258 (46.8) 1291 (41.4) 32 549 (46.5)
  More than adequate 1233 (1.8) 58 (1.9) 1291 (1.8)
  Unknown/missing 5929 (8.9) 384 (12.3) 6313 (9.0)

Abbreviation: GED, General Educational Development.
aData source: Massachusetts Department of Public Health, Bureau of Infectious Disease and Laboratory Sciences10 and Registry of Vital Records and 
Statistics.
bAll values are number (percentage) unless otherwise specified. Percentages may not sum to 100 because of rounding.
cP values were calculated using Pearson χ2 tests after excluding unknown/missing data, with P < .05 considered significant.
dAdequacy of prenatal care was measured using the Adequacy of Prenatal Care Utilization Index, or Kotelchuck Index, which uses 2 data elements 
obtained from birth certificate data: when prenatal care began (initiation) and the number of prenatal care visits from when prenatal care began until 
delivery (received services).12

among non-Hispanic Black and non-Hispanic American 
Indian/Alaska Native and non-Hispanic Other pregnant peo-
ple. In addition, among non-Hispanic White pregnant people 
only, higher proportions of people with SARS-CoV-2 infec-
tion were aged <30 years (35.1% vs 25.9%) and had pre-
pregnancy diabetes (1.8% vs 0.8%). Finally, among Hispanic 
pregnant people, a significantly lower proportion of pregnant 
people with SARS-CoV-2 infection had adequate or more 
than adequate prenatal care (38.1% vs 44.8%) compared 
with pregnant people without infection in the same racial and 
ethnic group.

In the crude Poisson regression model, Hispanic (RR = 
3.6; 95% CI, 3.3-3.9), non-Hispanic Black (RR = 2.7; 95% 
CI, 2.4-3.0), and non-Hispanic American Indian/Alaska 
Native and non-Hispanic Other (RR = 1.9; 95% CI, 1.4-2.7) 
pregnant people were at higher risk for SARS-CoV-2 infec-
tion during pregnancy compared with non-Hispanic White 
pregnant people (Table 3). In the parsimonious adjusted 
model, the risk of SARS-CoV-2 infection among Hispanic 
(aRR = 2.3; 95% CI, 2.1-2.6) and non-Hispanic Black (aRR 
= 1.9; 95% CI, 1.7-2.1) pregnant people was higher than the 

risk among non-Hispanic White pregnant people. Estimates 
were similar to RRs obtained from the fully adjusted model, 
although 95% CIs were wider.

Discussion

Given the more severe health implications of COVID-19 for 
pregnant and recently pregnant people than for nonpregnant 
people, it is important to understand the characteristics associ-
ated with the greatest incidence of infection among pregnant 
people. We sought to identify and describe any inequities 
among pregnant people by SARS-CoV-2 infection status by 
comparing pregnant people with and without SARS-CoV-2 
infection in a statewide population in Massachusetts. We iden-
tified a disproportionate impact of COVID-19 on Hispanic 
and non-Hispanic Black pregnant people in Massachusetts.

We also observed differences in sociodemographic char-
acteristics by SARS-CoV-2 infection status. Pregnant people 
who had fewer years of education, preferred speaking a lan-
guage other than English, were non–US-born, had public 
health insurance, and had underlying health conditions were 

Table 1.  (continued)
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Table 2.  Characteristics of people with and without laboratory-confirmed SARS-CoV-2 infection during pregnancy, stratified by race 
and ethnicity (N = 67 154), Massachusetts, March 2020–March 2021a,b,c

Characteristic

Test result

Hispanic  
(N = 14 535)

Non-Hispanic Black  
(N = 7091)

Non-Hispanic White  
(N = 38 566)

Non-Hispanic Asian/
Pacific Islander  

(N = 6279)

Non-Hispanic American 
Indian/Alaska Native 

and non-Hispanic Other  
(N = 683)

Negative  
(n = 13 216)

Positive  
(n = 1319)

Negative  
(n = 6607)

Positive  
(n = 484)

Negative  
(n = 37 586)

Positive  
(n = 980)

Negative  
(n = 6109)

Positive  
(n = 170)

Negative  
(n = 650)

Positive  
(n = 33)

Age, yd

  <20 5.8 6.7 2.8 2.1 0.9 1.7 0.6 0.0 1.4 —e

  20-24 22.1 21.6 13.1 13.0 6.2 9.3 4.2 6.5 11.9 18.2
  25-29 28.2 30.9 24.9 24.6 18.8 24.1 19.1 25.9 28.5 21.2
  30-34 24.9 24.4 31.5 32.0 43.7 39.5 43.8 42.4 31.7 30.3
  35-39 15.4 12.9 21.0 20.9 25.5 21.1 26.9 19.4 20.3 —e

  ≥40 3.7 3.6 6.6 7.4 4.9 4.3 5.6 5.9 6.3 —e

Educationf

  <High school 21.6 29.1 9.5 10.3 2.5 3.7 5.0 10.0 10.9 27.3
  High school graduate 

or GED
29.7 31.5 24.3 26.0 11.5 15.5 9.8 17.1 22.8 33.3

  Some college 23.0 23.5 25.9 29.8 14.2 19.2 7.2 11.2 20.5 —e

  Associate’s degree 5.6 5.0 8.8 9.7 5.7 8.4 3.6 7.1 7.9 —e

  ≥Bachelor’s degree 18.1 8.0 30.1 22.5 65.4 52.2 73.3 52.4 36.9 18.2
  Unknown/missing 2.0 2.9 1.4 1.7 0.7 1.0 1.1 2.4 1.1 3.0
Preferred spoken languageg

  English 68.3 52.5 90.5 87.0 97.8 93.6 89.1 83.5 77.7 63.6
  Spanish 26.7 42.5 0.3 —e 0.1 —e 0.1 —e —e 0
  Portuguese 4.8 4.8 1.1 1.9 1.4 5.1 0 —e 12.9 24.2
  Cape Verdean Creole 0.1 0 2.7 6.2 —e —e 0 0 1.5 6.1
  Haitian Creole —e —e 4.1 3.3 —e 0 0 0 —e —e

  Other —e ——e 1.2 —e 0.6 1.0 10.7 15.9 7.1 —e

  Unknown/missing 0.1 0.1 0.2 0.8 0 0.1 0.1 0 0.2 0
Health insurance at deliveryh

  Private 25.8 16.5 36.4 33.5 76.8 67.0 75.3 61.2 39.2 21.2
  Public 73.0 81.8 62.1 65.7 21.7 31.6 23.0 38.8 58.3 60.6
  Self-pay/none/other 0.9 0.6 1.3 —e 1.4 1.1 1.5 0 2.3 —e

  Unknown/missing 0.4 1.1 0.2 —e 0.2 0.2 0.3 0 0.2 —e

Nativity statusi

  US-born 40.3 27.4 44.9 33.5 88.8 82.2 21.8 30.6 42.9 30.3
  Non–US-born 59.7 72.6 55.0 66.5 11.2 17.6 78.2 68.8 57.1 69.7
  Unknown/missing 0 0 0.1 0 0 0.2 0 0.6 0 0
Pre-pregnancy body mass 

index, kg/m2j

  <18.5 2.7 2.4 2.6 1.5 2.7 1.6 7.7 5.3 4.5 —e

  18.5-24.9 35.6 29.9 33.4 29.3 51.1 41.5 62.1 50.6 41.9 33.3
  25.0-29.9 31.2 34.3 31.0 34.7 25.1 28.6 20.9 28.8 28.3 27.3
  ≥30.0 28.8 30.9 31.6 33.1 20.4 27.2 8.4 13.5 23.4 21.2
  Unknown/missing 1.6 2.5 1.4 1.5 0.9 1.0 0.9 1.8 2.0 —e

Pre-pregnancy diabetesk

  Yes 1.2 1.3 1.6 1.9 0.8 1.8 1.0 —e 1.7 —e

  No 98.4 97.7 98.2 98.1 99.1 98.0 98.8 98.8 98.2 87.9
  Unknown/missing 0.4 1.1 0.2 0.0 0.2 0.2 0.3 —e 0.2 —e

Gestational diabetesl

  Yes 8.4 7.0 8.6 8.7 7.3 8.0 13.3 14.1 8.6 —e

  No 91.3 92.0 91.2 91.3 92.6 91.8 86.5 85.9 91.2 87.9
  Unknown/missing 0.4 1.1 0.2 0 0.2 0.2 0.3 0 0.2 —e

Pre-pregnancy hypertensionl

  Yes 2.1 2.1 3.7 2.1 2.4 2.9 1.3 —e 2.5 0
  No 97.6 96.8 96.1 97.9 97.5 96.9 98.4 97.7 97.4 90.9
  Unknown/missing 0.4 1.1 0.2 0 0.2 0.2 0.3 —e 0.2 9.1
Gestational hypertensionl

  Yes 5.4 5.4 5.9 7.0 4.2 4.9 2.6 4.1 3.2 0
  No 94.2 93.6 93.9 93.0 95.6 94.9 97.2 95.9 96.6 90.9
  Unknown/missing 0.4 1.1 0.2 0 0.2 0.2 0.3 0 0.2 9.1
Receipt of prenatal carel

  Yes 99.4 98.9 99.2 99.4 99.6 99.7 99.8 100.0 99.5 90.9
  No 0.4 0.5 0.7 —e 0.4 —e 0.2 0 —e 0
  Unknown/missing 0.2 0.6 0.1 —e 0.1 —e 0 0 —e 9.1

 (continued)
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also disproportionately impacted by COVID-19. The inter-
section between these social determinants of health and sys-
temic racism may further worsen maternal and child health 
inequities.13 By conducting multivariable analyses, we esti-
mated the independent association between race and ethnic-
ity and SARS-CoV-2 infection among pregnant people. 
While this association was attenuated by nativity status, pre-
ferred spoken language, and health insurance type, Hispanic 
and non-Hispanic Black pregnant people had an elevated risk 
of SARS-CoV-2 infection even after adjusting for these fac-
tors. Because race is a social construct that does not biologi-
cally predispose certain groups to SARS-CoV-2 infection, 
we understand race and ethnicity in our analysis is a proxy 
for other social, environmental, and structural factors, espe-
cially systemic racism, that we could not measure with the 
data available in this analysis that are driving the observed 
association between race and ethnicity and COVID-19.14

Limitations

This analysis had several limitations. First, to identify preg-
nant people with COVID-19, we relied on linkages of labo-
ratory-confirmed SARS-CoV-2 case data to provisional 
birth certificates for completed pregnancies resulting in a 
live birth; therefore, we were unable to identify people with 
infections who experienced early pregnancy losses, 

terminations, or non–live births; people who might have had 
SARS-CoV-2 infection during pregnancy but were not 
tested; and people who were tested outside their pregnancy 
window. Moreover, although universal screening for SARS-
CoV-2 was implemented before admission for labor and 
delivery in Massachusetts early in the pandemic, detection 
bias may have been introduced for people who were infected 
early in their pregnancy window, because those who had 
mild symptoms or were asymptomatic might not have 
sought testing. Second, we were unable to ascertain proba-
ble cases of COVID-19 during pregnancy, or pregnant peo-
ple without laboratory confirmation of SARS-CoV-2 
infection but with other epidemiological, clinical, or labora-
tory criteria15 that may result in underreporting of SARS-
CoV-2 infection among pregnant people, especially with 
increasing availability of at-home rapid antigen testing for 
which a reporting mechanism is often lacking. Third, while 
we aimed to capture as many linkages as possible between 
laboratory-confirmed SARS-CoV-2 case data and data from 
provisional birth certificates by developing a robust linkage 
algorithm using several combinations of matching variables 
and functions allowing for inexact matches, the linkage pro-
cess might not have accurately captured the entire popula-
tion of those with SARS-CoV-2 infection during pregnancy. 
Fourth, data from provisional birth certificates have more 
missing data than finalized records; however, all the 

Characteristic

Test result

Hispanic  
(N = 14 535)

Non-Hispanic Black  
(N = 7091)

Non-Hispanic White  
(N = 38 566)

Non-Hispanic Asian/
Pacific Islander  

(N = 6279)

Non-Hispanic American 
Indian/Alaska Native 

and non-Hispanic Other  
(N = 683)

Negative  
(n = 13 216)

Positive  
(n = 1319)

Negative  
(n = 6607)

Positive  
(n = 484)

Negative  
(n = 37 586)

Positive  
(n = 980)

Negative  
(n = 6109)

Positive  
(n = 170)

Negative  
(n = 650)

Positive  
(n = 33)

Adequacy of prenatal carem,n

  Inadequate 46.1 49.6 47.7 42.6 41.0 39.5 47.6 38.2 47.9 42.4
  Adequate 43.1 36.6 42.5 45.5 51.1 48.2 45.9 47.1 42.9 39.4
  More than adequate 1.7 1.5 2.5 2.1 1.9 2.1 1.9 1.2 1.7 —f

  Unknown/missing 9.1 12.3 7.3 9.9 6.1 10.2 4.7 13.5 7.5 —f

Abbreviation: GED, general educational development.
aAll values presented are percentages unless otherwise indicated. Percentages may not sum to 100 because of rounding.
bP values were calculated using Pearson χ2 tests, with P < .05 considered significant, after excluding unknown/missing data.
cData source: Massachusetts Department of Public Health, Bureau of Infectious Disease and Laboratory Sciences10 and Registry of Vital Records and Statistics.
dFor age, statistical comparisons were significant for non-Hispanic White pregnant people.
eData not presented for cells with <6 observations except when missing/unknown.
fFor education, statistical comparisons were significant for all racial and ethnic groups.
gFor preferred spoken language, comparisons were significant for all racial and ethnic groups except for non-Hispanic American Indian/Alaska Native and non-Hispanic Other 
pregnant people.
hFor health insurance at delivery, statistical comparisons were significant for all racial and ethnic groups except for non-Hispanic Black pregnant people.
iFor nativity status, statistical comparisons were significant for all racial and ethnic groups except non-Hispanic American Indian/Alaska Native and non-Hispanic Other pregnant 
people.
jFor pre-pregnancy body mass index, statistical comparisons were significant for all racial and ethnic groups except for non-Hispanic Black and non-Hispanic American Indian/
Alaska Native and non-Hispanic Other pregnant people.
kFor pre-pregnancy diabetes, statistical comparisons were significant for non-Hispanic White pregnant people.
lFor gestational diabetes, pre-pregnancy hypertension, gestational hypertension, and receipt of prenatal care, statistical comparisons were not significant for any race/ethnicity 
group.
mFor adequacy of prenatal care, statistical comparisons were significant for Hispanic pregnant people.
nAdequacy of prenatal care was measured using the Adequacy of Prenatal Care Utilization Index, or Kotelchuck Index, which uses 2 data elements obtained from birth 
certificate data: when prenatal care began (initiation) and the number of prenatal care visits from when prenatal care began until delivery (received services).12

Table 2.  (continued)
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variables we included had fewer than 12% of missing or 
unknown values. Finally, we were not able to explore sev-
eral structural factors contributing to the observed racial and 
ethnic inequities, such as discrimination, health care access, 
occupation, income and wealth inequality, and housing, 
which drive differential risk of COVID-19 in communities 
of color.16 These factors should be further investigated, 
explicitly defined, and addressed in COVID-19 prevention 
and mitigation strategies that promote health equity across 
race and ethnicity and address the social determinants of 
health for pregnant people.

Conclusion

This population-based study demonstrates the dispropor-
tionate impact of COVID-19 on Hispanic and non-His-
panic Black pregnant people in Massachusetts. The 
inequities we observed among pregnant people are consis-
tent with the racial and ethnic disparities observed for 
COVID-19 in the general population.17,18 The unequal 
impact of COVID-19 on racially and ethnically minori-
tized groups during pregnancy deserves urgent public 
health attention; even before the COVID-19 pandemic, 
non-Hispanic Black mothers in the United States were 3 
times more likely than non-Hispanic White mothers to die 
of pregnancy-related causes.19 The COVID-19 pandemic 
may further exacerbate these inequities in maternal mor-
bidity and mortality.20

Acknowledgments

The authors thank the following for their contributions to COVID-
19 Pregnancy Surveillance in Massachusetts: Anne Marie Darling, 
PhD, MPH (Massachusetts Department of Public Health); the 
COVID-19 Pregnancy Surveillance Medical Record Abstractor 

Team: Penny Connolly, RN; Jeanne Day, MPH; Sabrina Eagan, 
MSN, MPH; Nancy Reinhalter, RN; and Herman Willems (John 
Snow Institute, Inc.); and Kerry Fenton, RN (Massachusetts 
Department of Public Health).

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
This work was supported in part by the Centers for Disease 
Control and Prevention (CDC) cooperative agreement “Building 
and Enhancing Epidemiology, Laboratory and Health Information 
Systems Capacity in Massachusetts” grant (NU50CK000518) 
and by an appointment to the Applied Epidemiology Fellowship 
Program administered by the Council of State and Territorial 
Epidemiologists and funded by CDC cooperative agreement 
number 1NU38OT000297-03-00.

ORCID iD

Hanna M. Shephard, MPH  https://orcid.org/0000-0003-2126-0672

References

	 1.	 Zambrano LD, Ellington S, Strid P, et  al. Update: charac-
teristics of symptomatic women of reproductive age with 
laboratory-confirmed SARS-CoV-2 infection by pregnancy 
status—United States, January 22–October 3, 2020. MMWR 
Morb Mortal Wkly Rep. 2020;69(44):1641-1647. doi:10.15585/
mmwr.mm6944e3

	 2.	 Allotey J, Stallings E, Bonet M, et al. Clinical manifestations, 
risk factors, and maternal and perinatal outcomes of coronavirus 
disease 2019 in pregnancy: living systematic review and meta-
analysis. BMJ. 2020;370:m3320. doi:10.1136/bmj.m3320

Table 3.  Crude and adjusted risk ratios for laboratory-confirmed SARS-CoV-2 infection during pregnancy, by race and ethnicity, 
Massachusetts, March 2020–March 2021a

Race and ethnicity
Crude RR (95% 

CI) (n = 67 154)b
Adjusted RR (95% 
CI)c (n = 66 956)d

Fully adjusted RR (95% 
CI)e (n = 61 106)f

Non-Hispanic White 1 (Reference) 1 (Reference) 1 (Reference)
Hispanic 3.6 (3.3-3.9) 2.3 (2.1-2.6) 2.0 (1.8-2.2)
Non-Hispanic Black 2.7 (2.4-3.0) 1.9 (1.7-2.1) 1.9 (1.7-2.1)
Non-Hispanic Asian/Pacific Islander 1.1 (0.9-1.3) 0.8 (0.7-1.0) 0.8 (0.7-1.0)
Non-Hispanic American Indian/Alaska Native and 

non-Hispanic Other
1.9 (1.4-2.7) 1.2 (0.9-1.7) 1.1 (0.8-1.7)

Abbreviation: RR, risk ratio.
aData source: Massachusetts Department of Public Health, Bureau of Infectious Disease and Laboratory Sciences10 and Registry of Vital Records and 
Statistics.
bPeople with unknown or missing data on race and ethnicity were excluded from the crude model.
cAdjusted for nativity status and health insurance type (parsimonious model).
dPeople with unknown or missing data on race and ethnicity, nativity status, and health insurance type were excluded from the parsimonious model.
eAdjusted for age, education level, preferred spoken language, health insurance type, nativity status, pre-pregnancy body mass index, pre-pregnancy and 
gestational diabetes, pre-pregnancy hypertension, gestational hypertension, receipt of prenatal care, and adequacy of prenatal care (full model).
fPeople with unknown or missing data on any covariates were excluded from the fully adjusted model.

https://orcid.org/0000-0003-2126-0672


Shephard et al	 789

	 3.	 Jering KS, Claggett BL, Cunningham JW, et  al. Clinical 
characteristics and outcomes of hospitalized women giv-
ing birth with and without COVID-19. JAMA Intern 
Med. 2021;181(5):714-717. doi:10.1001/jamainternmed. 
2020.9241

	 4.	 Villar J, Ariff S, Gunier RB, et al. Maternal and neonatal mor-
bidity and mortality among pregnant women with and without 
COVID-19 infection: the INTERCOVID Multinational Cohort 
Study. JAMA Pediatr. 2021;175(8):817-826. doi:10.1001/
jamapediatrics.2021.1050

	 5.	 Galang RR, Newton SM, Woodworth KR, et al. Risk factors 
for illness severity among pregnant women with confirmed 
severe acute respiratory syndrome coronavirus 2 infection—
Surveillance for Emerging Threats to Mothers and Babies 
Network, 20 state, local, and territorial health departments, 
29 March 2020–5 March 2021. Clin Infect Dis. 2021;73(suppl 
1):S17-S23. doi:1093/cid/ciab432

	 6.	 Ko JY, DeSisto CL, Simeone RM, et al. Adverse pregnancy 
outcomes, maternal complications, and severe illness among 
U.S. delivery hospitalizations with and without a corona-
virus disease 2019 (COVID-19) diagnosis. Clin Infect Dis. 
2021;73(suppl 1):S24-S31. doi:10.1093/cid/ciab344

	 7.	 Lokken EM, Taylor GG, Huebner EM, et  al. Higher severe 
acute respiratory syndrome coronavirus 2 infection rate in 
pregnant patients. Am J Obstet Gynecol. 2021;2245(1):75.
e1-75.e16. doi:10.1016/j.ajog.2021.02.011

	 8.	 Janevic T, Glazer KB, Vieira L, et al. Racial/ethnic disparities 
in very preterm birth and preterm birth before and during the 
COVID-19 pandemic. JAMA Netw Open. 2021;4(3):e211816. 
doi:10.1001/jamanetworkopen.2021.1816

	 9.	 Pope R, Ganesh P, Miracle J, et  al. Structural racism and 
risk of SARS-CoV-2 in pregnancy. EClinicalMedicine. 
2021;37:100950. doi:10.1016/j.eclinm.2021.100950

	10.	 Troppy S, Haney G, Cocoros N, Cranston K, DeMaria A Jr. 
Infectious disease surveillance in the 21st century: an inte-
grated web-based surveillance and case management sys-
tem. Public Health Rep. 2014;129(2):132-138. doi:10.1177/ 
003335491412900206

	11.	 Foley MJ. Fuzzy merges: examples and techniques. Accessed 
September 24, 2021. https://support.sas.com/resources/papers/
proceedings/proceedings/sugi24/Advtutor/p46-24.pdf

	12.	 Kotelchuck M. The Adequacy of Prenatal Care Utilization 
Index: its US distribution and association with low birthweight. 
Am J Public Health. 1994;84(9):1486-1489. doi:10.2105/
ajph.84.9.1486

	13.	 Dongarwar D, Ajewole VB, Oduguwa E, et al. Role of social 
determinants of health in widening maternal and child health 
disparities in the era of COVID-19 pandemic. Int J MCH AIDS. 
2020;9(3):316-319. doi:10.21106/ijma.398

	14.	 Centers for Disease Control and Prevention. Racism and health. 
April 12, 2021. Accessed June 11, 2021. https://www.cdc.gov/
healthequity/racism-disparities/index.html

	15.	 Centers for Disease Control and Prevention. Coronavirus dis-
ease 2019 (COVID-19) 2020 interim case definition, approved 
August 5, 2020. Accessed June 8, 2021. https://ndc.services.cdc.
gov/case-definitions/coronavirus-disease-2019-2020-08-05

	16.	 Hawkins D. Differential occupational risk for COVID-
19 and other infection exposure according to race and  
ethnicity. Am J Ind Med. 2020;63(9):817-820. doi:10.1002/
ajim.23145

	17.	 Egede LE, Walker RJ. Structural racism, social risk fac-
tors, and COVID-19—a dangerous convergence for Black 
Americans. N Engl J Med. 2020;383(12):e77. doi:10.1056/
NEJMp202361

	18.	 Lopez L 3rd, Hart LH 3rd, Katz MH. Racial and ethnic health 
disparities related to COVID-19. JAMA. 2021;325(8):719-720. 
doi:10.1001/jama.2020.26443

	19.	 Yehia BR, Winegar A, Fogel R, et al. Association of race with 
mortality among patients hospitalized with coronavirus dis-
ease 2019 (COVID-19) at 92 US hospitals. JAMA Netw Open. 
2020;3(8):e2018039. doi:10.1001/jamanetworkopen.2020.18039

	20.	 Yusuf KK, Dongarwar D, Ibrahimi S, Ikedionwu C, Maiyegun 
SO, Salihu HM. Expected surge in maternal mortality and severe 
morbidity among African-Americans in the era of COVID-19 
pandemic. Int J MCH AIDS. 2020;9(3):386-389. doi:10.21106/
ijma.405

https://support.sas.com/resources/papers/proceedings/proceedings/sugi24/Advtutor/p46-24.pdf
https://support.sas.com/resources/papers/proceedings/proceedings/sugi24/Advtutor/p46-24.pdf
https://www.cdc.gov/healthequity/racism-disparities/index.html
https://www.cdc.gov/healthequity/racism-disparities/index.html
https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2020-08-05
https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2020-08-05

