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ABSTRACT
Pregnant women are at increased risk for severe morbidity and mortality
following infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), leading some countries to recommend vaccination of
pregnant women against coronavirus disease 2019 (COVID-19). These
recommendations are based on studies conducted early in the pandemic,
and thus, the pregnant women in these studies most likely did not have
pre-existing immunity to SARS-CoV-2 at the time of infection. The
susceptibility of pregnant women and their infants to SARS-CoV-2 and the
severity of infection may be attenuated as the pandemic progresses and an
increasing number of women will have pre-existing immunity (following
natural infection or vaccination prior to pregnancy) during pregnancy. The
reactogenicity, immunogenicity and efﬁcacy of COVID-19 vaccines
administered in pregnancy may also be affected by the pre-existing
immunity of pregnant women. Maternal vaccine trials should be evaluated
in the context of their timing in the pandemic and interpreted based on
the pre-existing immunity of pregnant women.
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Several coronavirus disease 2019 (COVID-19) vaccines (eg, BNT162b2, mRNA1273) (1)(2) have received emergency use authorization by the US Food and
Drug Administration and have also been approved by regulatory agencies in
other countries. The US Centers for Disease Control and Prevention currently
recommends that pregnant women may choose to receive a COVID-19 vaccine.
(3) Universal vaccination against COVID-19 in pregnancy has been recommended for all pregnant women in some countries.
Unfortunately, pregnant women were not included in the initial vaccines’
efﬁcacy trials. (1)(2) It is critical to include and even prioritize pregnant
women in early vaccine studies for vaccine-preventable diseases that are of
potential concern for pregnant women and/or their infants. Excluding pregnant women from early vaccine studies leads to insufﬁcient data to make evidence-based recommendations, leaving pregnant women excluded from
vaccine rollout plans. This makes generation of further evidence very challenging, a situation that was recently termed as a “perpetuated cycle of
exclusion.” (4)
In addition to the challenges that stem from excluding pregnant women
from initial vaccine studies, there are also unique circumstances that are relevant to the consideration of vaccination against COVID-19 during pregnancy,
and the interpretation of results of the maternal vaccine studies as the pandemic
progresses.
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THE NEED FOR VACCINATION AGAINST COVID19 IN PREGNANCY
Vaccination in pregnancy enhances maternal immunity
against vaccine-preventable diseases and increases transplacental transfer of vaccine-speciﬁc antibodies to the newborn.
This strategy aims to protect against infections that are relevant to pregnant women, young infants or both and has
been successfully used to protect against pertussis and inﬂuenza diseases. (5) The goal for vaccination against inﬂuenza
is to protect pregnant women and their young infants from
inﬂuenza disease, while vaccination against pertussis aims to
mainly protect young infants from whooping cough disease.
(5) The recommendations for the use of these vaccines in
pregnancy are supported by studies that showed that inﬂuenza disease is severe in pregnant women and young infants
and that pertussis is severe in young infants. (6)(7)(8) These
studies were conducted during endemic states (i.e. the constant presence of the pathogen in a population) of these
diseases.
It is important to deﬁne the target for COVID-19 vaccination during pregnancy. Although the absolute risk for
severe COVID-19 disease is low among pregnant women,
this population is at increased risk for both severe morbidity (e.g. admission to intensive care unit, mechanical ventilation) and mortality following infection with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) when
compared with non-pregnant women of comparable ages.
(9)(10)(11) Infection with SARS-CoV-2 in pregnancy is also
associated with higher risk of preterm delivery compared
with an uninfected pregnancy. (12)(13) Because these outcome studies were conducted during the early stages of
the pandemic, these pregnant women most likely did not
have pre-existing immunity to SARS-CoV-2 at the time of
infection. As the pandemic progresses, an increasing
number of women will enter pregnancy with natural or
vaccine-induced immunity to SARS-CoV-2 that was
acquired before pregnancy. Thus, the risk of these women
to contract SARS-CoV-2 infection during pregnancy and
the severity of COVID-19 may be attenuated, as has been
observed in the non-pregnant population. (14)
Studies have shown that COVID-19 is uncommon in neonates admitted to the hospital, (15) and that most neonates
with SARS-CoV-2 infection are either asymptomatic or have
mild symptoms. (16) Infants with COVID-19 have also been
shown to have a mild disease. (17)(18) However, although
the absolute number of neonatal cases of COVID-19 disease
is small, the proportion of neonates admitted to critical care
is high (15% [7 out of 40 neonates <1 month with laboratoryconﬁrmed SARS-CoV-219] and 32% [17 out of 53 neonates <1

month with laboratory-conﬁrmed SARS-CoV-2]). These data
are from studies conducted early in the pandemic, and thus,
these newborns and infants were likely born to women
immune naïve to SARS-CoV-2. (15)(16)(17)(18)(19)(20) As the
pandemic progresses, the susceptibility of newborns and
infants to SARS-CoV-2 and risk for severe disease is expected
to be directly affected by the levels, function and durability of
maternal SARS-CoV-2 antibodies transferred across the placenta to the newborn. Several studies have shown that antiSARS-CoV-2 antibodies are detected in cord blood of women
infected with SARS-CoV-2 in pregnancy. (21)(22)(23) While the
clinical signiﬁcance of these antibodies is difﬁcult to interpret
as no correlate of protection has been yet identiﬁed for
COVID-19, it is plausible that these antibodies will provide
some degree of clinical protection. Thus, the risk of newborns
and young infants acquiring SARS-CoV-2 infection in infancy
and the severity of disease may be attenuated if the infants are
born to women with pre-existing immunity acquired before
pregnancy (either natural or vaccine-induced).

INTERPRETATION OF COVID-19 VACCINE TRIALS
IN PREGNANCY IN RELATION TO PRE-EXISTING
IMMUNITY
Studies of the vaccines that have been used in pregnancy
(e.g. pertussis and inﬂuenza) assessed the reactogenicity,
immunogenicity and efﬁcacy of these vaccines in a population of pregnant women that were assumed to have preexisting immunity to the endemic targeted pathogen,
via previous infection and/or prior vaccination.
(24)(25)(26)(27)
Pre-existing immunity to SARS-CoV-2 is not assumed
due the nature of the pandemic; thus, vaccine trials need
to be interpreted according to their timing in the pandemic and pre-existing immunity of pregnant women.

Reactogenicity
As pregnant women were excluded from initial COVID-19
vaccine trials, published data are scarce about the reactogenicity of COVID-19 vaccination in pregnancy. Reactogenicity following vaccination in pregnancy will likely be
impacted by pre-existing maternal immunity. In the nonpregnant population, pre-existing immunity has been
associated with greater systemic reactions to mRNA
COVID-19 vaccine. (28)

Immunogenicity
Current data on the immune response to COVID-19 vaccines in pregnancy is derived mainly from small observational studies. Anti-SARS-CoV-2 antibodies were detected

Vol. 22 No. 9 S E P T E M B E R 2 0 2 1
Downloaded from http://neoreviews.aappublications.org/ at Nicaragua:AAP Sponsored on September 1, 2021

e571

in cord blood after vaccination with 2 doses of mRNA
COVID-19 vaccines in two studies (27 pregnant women)(29)
(20 pregnant women). (30) The use of a two-dose regimen
aims to to prime the immune system with the ﬁrst dose and
later provide a booster with the second dose, and this regimen is important in a host that is immune naïve to SARSCoV-2. Previous priming will likely impact the quantity and
function of antibodies generated after vaccination in pregnancy, with higher levels and function of antibodies
expected. In the non-pregnant population, pre-existing
immunity to SARS-CoV-2 enhanced vaccine-induced
immune responses to a single dose of mRNA COVID-19
vaccine. (28)

Efficacy
Efﬁcacy trials need to demonstrate that vaccination in
pregnancy protects against maternal disease during gestation. Efﬁcacy of vaccines will also be affected by preexisting immunity. Vaccination of an immune-naïve population of pregnant women may demonstrate high vaccine
efﬁcacy. However, it is possible that the same degree of
vaccine efﬁcacy may not be evident in pregnant women
with pre-existing immunity, suggesting that booster vaccination may not augment the protection afforded by preexisting immunity (following either natural infection or
vaccination prior to pregnancy) to the same level observed
in naïve populations. (31) The same may also apply to the
protection of newborns following vaccination of their
mothers in pregnancy.

SAFETY OF VACCINATION AGAINST SARS-COV-2
IN PREGNANCY- PRELIMINARY US DATA
Fortunately, despite the exclusion of pregnant women from
early vaccine studies, data on safety of vaccination in pregnancy are accumulating. Recently, preliminary data from
three U.S. vaccine safety monitoring systems were published. (32) Local (injection-site pain) and systemic (fatigue,

headache, and myalgia) reactions were the most frequent,
but were reported at the same level among non-pregnant
women. (32) These reactions were more frequent after the
second dose of mRNA COVID-19 vaccines, supporting that
pre-existing immunity (following the ﬁrst vaccine dose) may
be associated with higher reactogenicity. Furthermore, the
proportions of adverse pregnancy and neonatal outcomes
(e.g., fetal loss, preterm birth, neonatal death) were similar to
the incidences reported in pregnant women before the pandemic. These data provide further support to the recommendation of vaccination against SARS-CoV-2 in pregnancy.

CONCLUDING REMARKS
The susceptibility of pregnant women and young infants
to SARS-CoV-2 may change as the pandemic progresses
and the number of pregnant women who enter pregnancy
with natural or vaccine-induced immunity will likely
increase. The reactogenicity, immunogenicity and efﬁcacy
of COVID-19 vaccines may be affected by pre-existing
immunity. Therefore, vaccine studies should account for
pre-existing immunity in pregnant women.
Funding Source: No external funding for this
manuscript.
Conﬂict of interest disclosure: BA has no competing
interest to declare. BA is supported by the Canadian
Health and Research Institute Vanier Canada Graduate
scholarship.

American Board of Pediatrics
Neonatal-Perinatal Content
Speciﬁcation
• Know the effects on the fetus and/or newborn infant of
other maternal
management.

infections

(eg

malaria)

e572 NeoReviews
Downloaded from http://neoreviews.aappublications.org/ at Nicaragua:AAP Sponsored on September 1, 2021

and

their

References
1. Baden LR, El Sahly HM, Essink B, et al. Efﬁcacy and Safety of the
mRNA-1273 SARS-CoV-2 Vaccine. N Engl J Med. 2021;384(5):403–416
2. Polack FP, Thomas SJ, Kitchin N, et al; C4591001 Clinical Trial
Group. Safety and Efﬁcacy of the BNT162b2 mRNA Covid-19
Vaccine. N Engl J Med. 2020;383(27):2603–2615
3. Centers for Diseases Control and Prevention. Vaccination
Considerations for People who are Pregnant or Breastfeeding.
Available at: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/
recommendations/pregnancy.html.
4. Beigi RH, Krubiner C, Jamieson DJ, et al. The need for inclusion of
pregnant women in COVID-19 vaccine trials. Vaccine.
2021;39(6):868–870
5. Abu-Raya B, Maertens K. Protection of the Newborn Through
Vaccination in Pregnancy. NeoReviews. 2021;22(1):e25–e39
6. Dodds L, McNeil SA, Fell DB, et al. Impact of inﬂuenza exposure on
rates of hospital admissions and physician visits because of respiratory
illness among pregnant women. CMAJ. 2007;176(4):463–468
7. Poehling KA, Edwards KM, Weinberg GA, et al; New Vaccine
Surveillance Network. The underrecognized burden of inﬂuenza in
young children. N Engl J Med. 2006;355(1):31–40
8. Abu-Raya B, Bettinger JA, Vanderkooi OG, Vaudry W, Halperin SA,
Sadarangani M; Members of the Canadian Immunization
Monitoring Program, Active (IMPACT). Burden of Children
Hospitalized With Pertussis in Canada in the Acellular Pertussis
Vaccine Era, 1999-2015. J Pediatric Infect Dis Soc. 2020;9(2):118–127
9. Zambrano LD, Ellington S, Strid P, et al; CDC COVID-19 Response
Pregnancy and Infant Linked Outcomes Team. Update:
Characteristics 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
10. Pirjani R, Hosseini R, Soori T, et al. Maternal and neonatal
outcomes in COVID-19 infected pregnancies: a prospective cohort
study. J Travel Med. 2020;27(7):taaa158
11. Ellington S, Strid P, Tong VT, et al. Characteristics of Women of
Reproductive Age with Laboratory-Conﬁrmed SARS-CoV-2 Infection
by Pregnancy Status - United States, January 22-June 7, 2020.
MMWR Morb Mortal Wkly Rep. 2020;69(25):769–775
12. Woodworth KR, Olsen EO, Neelam V, et al; CDC COVID-19
Response Pregnancy and Infant Linked Outcomes Team; COVID-19
Pregnancy and Infant Linked Outcomes Team (PILOT). Birth and
Infant Outcomes Following Laboratory-Conﬁrmed SARS-CoV-2
Infection in Pregnancy - SET-NET, 16 Jurisdictions, March 29October 14, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(44):
1635–1640
13. Allotey J, Stallings E, Bonet M, et al; for PregCOV-19 Living
Systematic Review Consortium. 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
14. Lumley SF, O’Donnell D, Stoesser NE, et al; Oxford University
Hospitals Staff Testing Group. Antibody Status and Incidence of
SARS-CoV-2 Infection in Health Care Workers. N Engl J Med.
2021;384(6):533–540
15. Gale C, Quigley MA, Placzek A, et al. Characteristics and outcomes
of neonatal SARS-CoV-2 infection in the UK: a prospective national
cohort study using active surveillance. Lancet Child Adolesc Health.
2021;5(2):113–121

16. Trevisanuto D, Cavallin F, Cavicchiolo ME, Borellini M, Calgaro S,
Baraldi E. Coronavirus infection in neonates: a systematic review.
Arch Dis Child Fetal Neonatal Ed. 2021;106(3):330–335
17. Mithal LB, Machut KZ, Muller WJ, Kociolek LK. SARS-CoV-2
Infection in Infants Less than 90 Days Old. J Pediatr.
2020;224:150–152
18. Panetta L, Proulx C, Drouin O, et al. Clinical Characteristics and
Disease Severity Among Infants With SARS-CoV-2 Infection in
Montreal, Quebec, Canada. JAMA Netw Open. 2020;3(12):e2030470
19. G€
otzinger F, Santiago-Garcıa B, Noguera-Julian A, et al; ptbnet
COVID-19 Study Group. COVID-19 in children and adolescents in
Europe: a multinational, multicentre cohort study. Lancet Child
Adolesc Health. 2020;4(9):653–661
20. Swann OV, Holden KA, Turtle L, et al; ISARIC4C Investigators.
Clinical characteristics of children and young people admitted to
hospital with covid-19 in United Kingdom: prospective multicentre
observational cohort study. BMJ. 2020;370:m3249
21. Edlow AG, Li JZ, Collier AY, et al. Assessment of Maternal and
Neonatal SARS-CoV-2 Viral Load, Transplacental Antibody Transfer,
and Placental Pathology in Pregnancies During the COVID-19
Pandemic. JAMA Netw Open. 2020;3(12):e2030455
22. Flannery DD, Gouma S, Dhudasia MB, et al. Assessment of
Maternal and Neonatal Cord Blood SARS-CoV-2 Antibodies and
Placental Transfer Ratios. JAMA Pediatr. 2021;175(6):594-600
23. Atyeo C, Pullen KM, Bordt EA, et al. Compromised SARS-CoV-2speciﬁc placental antibody transfer. Cell. 2021;184(3):628–642.e10
24. Nunes MC, Cutland CL, Dighero B, et al; Matﬂu Team. Kinetics of
Hemagglutination-Inhibiting Antibodies Following Maternal
Inﬂuenza Vaccination Among Mothers With and Those Without
HIV Infection and Their Infants. J Infect Dis. 2015;212(12):1976–1987
25. Madhi SA, Cutland CL, Kuwanda L, et al; Maternal Flu Trial
(Matﬂu) Team. Inﬂuenza vaccination of pregnant women and
protection of their infants. N Engl J Med. 2014;371(10):918–931
26. Munoz FM, Bond NH, Maccato M, et al. Safety and
immunogenicity of tetanus diphtheria and acellular pertussis (Tdap)
immunization during pregnancy in mothers and infants: a
randomized clinical trial. JAMA. 2014;311(17):1760–1769
27. Abu Raya B, Srugo I, Kessel A, et al. The effect of timing of
maternal tetanus, diphtheria, and acellular pertussis (Tdap)
immunization during pregnancy on newborn pertussis antibody
levels - a prospective study. Vaccine. 2014;32(44):5787–5793
28. Krammer F, Srivastava K, Alshammary H, et al. Antibody Responses
in Seropositive Persons after a Single Dose of SARS-CoV-2 mRNA
Vaccine. N Engl J Med. 2021;384(14):1372–1374
29. Mithal LB, Otero S, Shanes ED, Goldstein JA, Miller ES. Cord Blood
Antibodies following Maternal COVID-19 Vaccination During
Pregnancy. Am J Obstet Gynecol. 2021
30. Rottenstreich A, Zarbiv G, Oiknine-Djian E, Zigron R, Wolf DG,
Porat S. Efﬁcient maternofetal transplacental transfer of anti- SARSCoV-2 spike antibodies after antenatal SARS-CoV-2 BNT162b2
mRNA vaccination. Clin Infect Dis. 2021;ciab266
31. Abu-Raya B, Gantt S, Sadarangani M. Challenges in evaluating
SARS-CoV-2 vaccines during the COVID-19 pandemic. CMAJ.
2020;192(34):E982–E985
32. Shimabukuro TT, Kim SY, Myers TR, et al; CDC v-safe COVID-19
Pregnancy Registry Team. Preliminary Findings of mRNA Covid-19
Vaccine Safety in Pregnant Persons. N Engl J Med. 2021; doi:
https://doi.org/10.1056/NEJMoa2104983

Vol. 22 No. 9 S E P T E M B E R 2 0 2 1
Downloaded from http://neoreviews.aappublications.org/ at Nicaragua:AAP Sponsored on September 1, 2021

e573

Vaccination of Pregnant Women Against COVID-19
Bahaa Abu-Raya
NeoReviews 2021;22;e570
DOI: 10.1542/neo.22-9-e570

Updated Information &
Services

including high resolution figures, can be found at:
http://neoreviews.aappublications.org/content/22/9/e570

References

This article cites 28 articles, 6 of which you can access for free at:
http://neoreviews.aappublications.org/content/22/9/e570.full#ref-list1

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Pediatric Drug Labeling Update
http://classic.neoreviews.aappublications.org/cgi/collection/pediatric
_drug_labeling_update

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints

Information about ordering reprints can be found online:
http://classic.neoreviews.aappublications.org/content/reprints

Downloaded from http://neoreviews.aappublications.org/ at Nicaragua:AAP Sponsored on September 1, 2021

Vaccination of Pregnant Women Against COVID-19
Bahaa Abu-Raya
NeoReviews 2021;22;e570
DOI: 10.1542/neo.22-9-e570

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://neoreviews.aappublications.org/content/22/9/e570

Neoreviews is the official journal of the American Academy of Pediatrics. A monthly publication,
it has been published continuously since 2000. Neoreviews is owned, published, and trademarked
by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village,
Illinois, 60007. Copyright © 2021 by the American Academy of Pediatrics. All rights reserved.
Online ISSN: 1526-9906.

Downloaded from http://neoreviews.aappublications.org/ at Nicaragua:AAP Sponsored on September 1, 2021

