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Pregnant women are at greater risk of severe COVID-19 than non-pregnant women. Despite limited safety data on use of COVID-19
vaccines in pregnancy, many international societies have recommended their use when pregnant women are at particularly high risk of
acquiring COVID-19, or have suggested that vaccines should not be withheld from pregnant women where no other contraindications to
COVID-19 vaccination exist. A number of vaccines, including those against influenza, tetanus and pertussis, have been shown to reduce
both maternal and infant morbidity and mortality when used antenatally. We explore the role of COVID-19 vaccination in the setting of
pregnancy, discuss the limited data available, and summarise current international guidelines.
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The South African (SA) government is undertaking a massive
roll-out of COVID-19 vaccination, with the aim of vaccinating at
least 67% of the population in order to achieve herd immunity.
Initially frontline healthcare workers are being vaccinated, followed
by essential workers, individuals aged >60 years and adults with
comorbid disease. This phased roll-out is designed to vaccinate those
most at risk of contracting COVID-19, followed by those most at risk
of severe disease.[1]
Pregnant women are at greater risk of severe COVID-19 than
non-pregnant women, with increased rates of intensive care unit
(ICU) admission, need for supplemental oxygen and invasive
ventilation, and mortality.[2-5] These findings are in keeping with
other viral pneumonias, such as influenza, where pregnant women
are disproportionately affected and have higher morbidity and
mortality compared with non-pregnant women.[6,7] Given the lack
of safety data on vaccination in pregnancy, the SA government has
recommended against vaccination in pregnant and breastfeeding
women.[8] This is in contrast to the recommendations of a number of
international societies.

COVID-19 in pregnancy

The altered immune system in pregnancy, with a shift towards a
T-helper 2 response and humoral immunity, as well as a decrease
in natural killer cells and circulating plasmacytoid dendritic cells,
predisposes pregnant women with viral infections to severe disease.[9]
Despite early reports[10] of pregnant and non-pregnant women
with COVID-19 showing no difference in disease severity, it is
now clear that pregnancy is an independent risk factor for severe
COVID-19. A number of studies[2-4] have shown that rates of ICU
admission are higher in pregnant women with COVID-19 than in
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their non-pregnant counterparts, with 10.5 v. 3.9 cases per 1 000
women, respectively, in a large report from the Centers for Disease
Control and Prevention (CDC) in the USA.[2] Similarly, the need for
endotracheal intubation was significantly higher in pregnant women
compared with non-pregnant women with COVID-19 (10.16% v.
1.67%, respectively),[4] and the need for invasive ventilation increased
in pregnant women with COVID-19.[2,3]
Furthermore, the risk of mortality was shown to be 70% higher
in pregnant women with COVID-19 compared with their nonpregnant counterparts (1.5 v. 1.2 per 1 000 cases; adjusted risk ratio
1.7, 95% confidence interval 1.2 - 2.4).[2] It has also been shown that
the risk of mortality is significantly higher in pregnant women with
than without COVID-19 (141 v. 5 deaths per 100 000 women).[5]
Concerningly, data from both the USA and the UK have shown a
disproportionate number of deaths in non-white women.[2,11]
COVID-19 infection in pregnant women also increases the risk
of adverse pregnancy outcomes. The risk of thromboembolic events,
including myocardial infarction and venous thromboembolism, as
well as pre-eclampsia, is higher in pregnant women with COVID-19
compared with those without.[5] COVID-19 in pregnancy appears to
be associated with an increased risk of preterm delivery, with 22% of
neonates born prematurely, compared with the US national average
of 10%, in a large review.[12] Importantly, severity of disease seems to
play a role, with preterm birth reported in 29% and 88% of pregnant
women with severe disease and critical disease, respectively.[13] Rates
of miscarriage also increase in pregnancies affected by COVID-19.[4,14]

COVID-19 in neonates

Intrauterine transmission of SARS-CoV-2 remains controversial.
A number of cases supporting possible vertical transmission
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have been reported,[15-18] but none of these meet the criteria for
confirmed vertical transmission proposed by Shah et al.[19] Horizontal
transmission of the virus is much more likely and can occur during
vaginal delivery, via the faecal-oral route, or later through close
contact with an infected mother during nursing.[20] Despite this, the
benefits of breastfeeding outweigh the risk of transmission of the
virus through breastmilk, with some reporting that breastmilk may
contain anti-SARS-CoV-2 antibodies.[21]
A prospective population-based cohort study in the UK showed
an incidence of confirmed COVID-19 in neonates of 5.6 per 100 000.
The majority of neonates (68%) were diagnosed >7 days after birth,
suggesting that horizontal transmission is more likely than vertical
exposure.[15] While neonates of mothers with COVID-19 rarely acquire
the disease and hospital admission is uncommon, neonates who do
become infected are at risk of severe disease. In the cohort study
mentioned above, severe disease occurred in 42% of cases, 36% received
ICU care and 33% required respiratory support.[15] Furthermore, the
long-term effects of COVID-19 acquired in the neonatal period are
unknown, and ongoing research in this area is crucial.[15,21]

Available COVID-19 vaccines

Various COVID-19 vaccines that utilise different vaccine platforms
are available worldwide or are in advanced-stage clinical trials
(Table 1).[22] The SA government has committed to source vaccines
from a combination of vaccine suppliers, but as of 15 March 2021,
only the AstraZeneca/University of Oxford ChAdOx1 nCov-19
AZD1222 vaccine (AstraZeneca) had been granted authorisation for
commercial use by the South African Health Products Regulatory
Authority (SAHPRA). The Pfizer-BioNTech BNT-162b2 (Pfizer)
and Johnson & Johnson/Janssen AD26.COV2.S (J&J) vaccines are
currently under review at SAHPRA, and the J&J vaccine is being
rolled out to healthcare workers as part of the Sisonke openlabel implementation trial.[23] The Novavax NVX-CoV2373 vaccine
(Novavax) has demonstrated efficacy in a recent phase 3 trial in
SA and could potentially be available in the near future. Each of
these vaccines utilises a different vaccine platform with unique
considerations for use in pregnant women.

Viral vector vaccines

The AstraZeneca and J&J vaccines both use adenoviruses as
the vector for delivery of SARS-CoV-2 viral proteins in order

to induce protective immune responses.[22] The AstraZeneca
vaccine uses a chimpanzee adenovirus vector and the J&J vaccine
a recombinant human adenovirus serotype 26 (Ad26) vector.
Both vaccine platforms have been used in vaccines against other
viruses, including HIV, Ebola, Zika and respiratory syncytial
virus (RSV).[24,25] A frequently expressed concern regarding the
use of adenovirus vectors in pregnant women is the theoretical
potential for adenovirus vector infection of the fetus. This concern
is unfounded, as both adenovirus vectors are attenuated viruses
that are replication incompetent. This means that these vectors
can infect human cells following inoculation but cannot replicate
in those cells, thereby delivering SARS-CoV-2 viral proteins to the
mother without transfer of the viral vector to the fetus. Studies in
animal models using adenovirus vectors have shown no adverse
effect in pregnancy, but clinical trials of these vaccines in humans
so far have excluded pregnant women.[26,27]

mRNA vaccines

The Pfizer and Moderna mRNA-1273 (Moderna) vaccines employ
a novel vaccine technology based on mRNA.[28,29] Both of these
vaccines encode SARS-CoV-2 genetic information in the form
of RNA packaged into lipid nanoparticles that, when injected,
enter the cells of the vaccinated individual, causing SARS-CoV-2
antigens to be expressed on the cell surface.[22] Host immune cells
recognise these antigens and mount an immune response. Common
misconceptions include that the mRNA can alter the DNA of the
vaccinated individual and that the mRNA may be passed on to the
fetus, with potential harmful consequences. However, the mRNA
does not enter the nucleus of the cell and therefore cannot alter the
cell’s DNA.[30] In addition, mRNA is degraded rapidly within the
cell, making transmission of SARS-CoV-2 mRNA to the fetus very
unlikely.[30] While no mRNA vaccines have been purposefully used
in pregnant women in trial settings, animal studies on the Moderna
vaccine reported no effects on fetal development in rats given the
vaccine prior to conception and during pregnancy.[31] A common
adverse effect associated with vaccination with both of the mRNA
SARS-CoV-2 vaccines is a transient fever >38°C in up to 16% of
vaccinees.[28,29] Fever has been associated with adverse pregnancy
outcomes, and use of antipyretics has therefore been suggested by
the CDC as a means of managing this potential adverse effect in
pregnancy.[32]

Table 1. Overview of COVID-19 vaccines
Developer
AstraZeneca and
University of Oxford
Johnson & Johnson
(Janssen)

Vaccine candidate
ChAdOx1 nCov-19
(AZD1222/Covishield)
AD26.COV2.S

Platform
Viral vector

Pfizer/BioNTech

BNT-162b2

mRNA

Moderna

mRNA-1273

mRNA

Novavax

NVX-CoV2373

Recombinant
protein

Viral vector

International approval status
Granted EUA (or equivalent) in the
EU, UK and India (among others)
Rolling review application submitted
to the UK
Granted EUA in the EU and USA
Granted EUA (or equivalent) in
the UK and USA by the WHO and
provisionally in the EU
Granted EUA (or equivalent) in the
UK, USA and EU
Rolling review submitted in the EU,
USA, UK and Canada

EUA = Emergency Use Authorisation; SAHPRA = South African Health Products Regulatory Authority; WHO = World Health Organization.
*As of 15 March 2021.
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South African approval status*
Section 21 review finalised and EUA
granted by SAHPRA on 22 January 2021
Rolling review submission to
SAHPRA – currently under review
Rolled out as part of the Sisonke
Vaccine Programme
Submitted to SAHPRA – currently
under review
No submission to SAHPRA
No submission to SAHPRA
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Protein vaccines

The Novavax vaccine is a recombinant nanoparticle protein vaccine
based on the SARS-CoV-2 spike protein.[33] Although pregnant
women were also excluded from the clinical trials of this vaccine,
Novavax have gathered safety data in previous trials for an RSV
vaccine in pregnant women using a similar vaccine platform.[34] In
addition, protein-based vaccines have been used safely in pregnant
women for immunisation against influenza and hepatitis B, and as
a result there are fewer safety concerns regarding the use of these
vaccines in pregnancy in comparison with other vaccine platforms.

Rationale for vaccinating pregnant
women

Maternal vaccination decreases the risk of maternal illness and takes
advantage of transplacental transfer of IgG to the fetus in utero and
IgA transfer to the neonate in breastmilk.[35,36] This antibody transfer
protects the infant in the first few months of life when the immune
system is immature and the infant is at risk of significant infection
before the first scheduled vaccines are administered.
Evidence exists for benefits of influenza vaccination in pregnancy:
vaccination reduces maternal mortality due to influenza, as well
as preterm birth and intrauterine growth restriction. In addition,
maternal vaccination confers protection against influenza in infants
up to 6 months of age.[37] Importantly, when given in pregnancy,
influenza vaccination is safe.[38] The influenza vaccine has been shown
to provide partial protection in both HIV-negative and HIV-positive
pregnant women and their infants in the SA setting and, along with
tetanus toxoid, is offered to pregnant women during the antenatal
period in SA during March and April in anticipation of the influenza
season.[39,40] Furthermore, and possibly owing to the reduction in viral
pneumonia, the risk of pertussis pneumonia appears to be reduced by
50% following influenza vaccination.[41]
Vaccines against tetanus and pertussis, among others, have also
been shown to reduce infant morbidity and mortality when used
antenatally.[42] In a recent systematic review, the combined tetanus,
diphtheria and pertussis vaccine was safe when given in the second
or third trimester of pregnancy.[43] Maternal pertussis vaccination is
not yet included in SA guidelines, but maternal vaccination is more
effective than cocooning strategies aimed at immunising all close
contacts of the newborn.[44]
Vaccinating pregnant women against COVID-19 may have a
similar benefit in reducing maternal morbidity and mortality,
although more trial and real-world data are needed. Clinical trials
of current vaccine candidates have shown a significant effect in
prevention of severe COVID-19 in non-pregnant women, and it
is likely that this protection would extend to vaccinated pregnant
women.[24,28,29] Maternal vaccination may well also reduce neonatal
morbidity and mortality through passive immunisation of the fetus.
Supporting this hypothesis, a recent preprint has shown evidence of
transfer of SARS-CoV-2-specific antibodies in cord blood following
SARS-CoV-2 maternal vaccination.[45]

Ethical considerations regarding the
exclusion of pregnant women from
COVID-19 vaccine trials

Despite early calls for vaccine manufacturers to include pregnant
women in COVID-19 vaccine trials, they were excluded from the
initial trials of the vaccines reported on here.[46-49] The exclusion
of women from clinical trials on the basis of pregnancy alone is
contentious. While including pregnant women in the study of new
vaccines could potentially cause harm, exclusion from such studies
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may also have harmful consequences due to the lack of essential
knowledge acquired concerning the use of such vaccines in preg
nancy. Pregnant women and their fetuses deserve access to safe and
effective evidence-based care. The autonomy of the pregnant woman
and her ability to weigh up the risks and benefits of participation in
clinical trials should be considered and respected. Pregnant women
should be afforded the same opportunity to participate as nonpregnant individuals, always considering the wellbeing of the fetus
and the potential for teratogenicity when making these decisions.
Women should be given the opportunity to discuss concerns with
their healthcare provider and the trial team and thereafter make an
informed decision regarding participation.
Future studies are planned to investigate the use of COVID-19
vaccines in pregnant participants, but some limited data on their safety
in pregnancy exist.[50,51] A number of trials have reported outcomes on
women who became pregnant during the trial period, although these
women accounted for <0.1% of total trial participants. [31,52-54] The
Moderna and Pfizer vaccine trials reported 13 and 23 pregnancies,
respectively, with a single miscarriage in the placebo group in both
trials, while the AstraZeneca trial reported 21 pregnancies with
2 miscarriages in the vaccine group and 3 in the placebo group. [31,52,53]
J&J reported 8 pregnancies in their vaccine trial, with a single
miscarriage in each group.[54] Registries that include pregnant and
breastfeeding women who have received COVID-19 vaccines, such as
one established by the University of Washington, are important tools
to monitor long-term outcomes in this patient group.[55] The CDC’s
v-safe ‘after-vaccination health checker’ has had >16 000 pregnancies
reported to it as of 16 February 2021.[56]

Recommendations on vaccinating
pregnant women

In contrast to guidance from the SA National Department of Health,
the South African Society of Obstetricians and Gynaecologists has
recommended that pregnant and breastfeeding women at high risk
of contracting COVID-19 (e.g. healthcare workers) consider having
COVID-19 vaccination.[57] This guidance is in keeping with that
offered by a number of international societies (Table 2), despite vaccine
manufacturers advising against vaccination of pregnant women owing
to the lack of clinical data.[46-48,58,59] The WHO has suggested that
pregnant women who are at high risk of exposure, such as healthcare
workers, and those at risk of severe disease because of comorbidities
may be vaccinated with the Moderna vaccine after consultation with
their healthcare provider.[60,61] The Health Services Executive in Ireland
has recommended vaccination for all pregnant women between 14 and
33 weeks’ gestation, whereas the Royal Australian and New Zealand
College of Obstetricians and Gynaecologists recommends against
routine vaccination of pregnant women in view of the low levels of
community transmission in those countries.[49]

Conclusions

It is becoming clear that pregnant women are at increased risk of
severe COVID-19 resulting in increased maternal morbidity and
mortality and poor pregnancy outcomes. Pregnant women have
been excluded from trials investigating vaccines against COVID-19,
and as such safety data on the use of these vaccines in pregnancy are
lacking. While the theoretical benefit of maternal vaccination may
outweigh the known risks associated with COVID-19 in pregnancy,
pregnant and breastfeeding women have the right to autonomy and
should be given the choice to vaccinate by making an informed
decision in consultation with their healthcare provider, using the
data available.
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29 January 2021

12 February 2021

Centers for Disease Prevention and Control[64]

World Health Organization[60,61]

4 March 2021

Pregnancy recommendation
Breastfeeding recommendation
Not recommended
No information
Recommends that pregnant and breastfeeding women at high risk of contracting COVID-19 (including HCWs,
essential workers and those with comorbidities) should consider vaccination after discussion with their healthcare
practitioner
Insufficient evidence to recommend routine use of COVID-19 No recommendation
vaccines in pregnancy
Recommends that pregnant and breastfeeding women can be vaccinated after assessment of the risks and benefits
between the woman and her physician
Recommends that pregnant and breastfeeding women who are ‘eligible due to exposure risk, medical status or other
circumstances’ should be offered COVID-19 vaccination if no contraindications exist
Recommends COVID-19 vaccination for all pregnant women Recommends COVID-19 vaccination for all
between 14 and 33 weeks’ gestation
breastfeeding women
Recommend that COVID-19 vaccination only be considered
Recommend that breastfeeding women be offered
in pregnant women at high risk of unavoidable exposure
COVID-19 vaccination
or severe disease (i.e. HCWs or those with high-risk
Women should be advised on the lack of safety data
comorbidities) and that it be given through a maternity unit to on COVID-19 vaccinations in pregnancy
allow for reporting to the UKOSS/UKTIS vaccine registry
Benefits and risks of COVID-19 vaccination should be
discussed on an individualised basis
Recommends that pregnant and breastfeeding women who are eligible be offered COVID-19 vaccination after
engaging in shared decision-making with a healthcare professional
Recommends that COVID-19 vaccination should not be
Recommends that COVID-19 vaccination be offered
withheld from pregnant women who meet criteria for
to breastfeeding women who meet criteria for
vaccination as per ACIP priority groups
vaccination as per ACIP priority groups
Recommends consultation with a healthcare provider but that this should not be required prior to vaccination
Recommends that women who are pregnant, and in a group
Recommends that women who are breastfeeding,
eligible to receive the vaccine, may choose to receive the
and in a group eligible to receive the vaccine, may
vaccine
choose to receive the vaccine
Recommends a conversation between the woman and her
healthcare provider, although this is not required prior to
vaccination
Recommends that pregnant women at high risk of exposure
Recommends that COVID-19 vaccination (with the
or with serious comorbidities may be vaccinated (with the
Pfizer-BioNTech vaccine specifically) can be offered
Moderna vaccine specifically) in consultation with their
to breastfeeding women at high risk of exposure
healthcare provider
No recommendation for other vaccines

HCWs = healthcare workers; FEBRASGO = Federação Brasileira das Associações de Ginecologia e Obstetrícia (Brazilian Federation of Gynecology and Obstetrics Associations); UKOSS = UK Obstetric Surveillance System; UKTIS = UK Teratology Information Service;
ACIP = Advisory Committee on Immunization Practices.

Global

USA

30 December 2020

American College of Obstetricians and
Gynecologists[47]

Royal College of Obstetricians and
Gynaecologists[48]
Royal College of Midwives[48]
Macdonald Obstetric Medicine Society[48]
UK Teratology Information Service[48]

UK

9 March 2021

5 March 2021

3 March 2021

Society of Obstetricians and Gynaecologists of
Canada[58]
Health Service Executive[63]

Canada

3 February 2021

26 January 2021

Date
30 January 2021
28 January 2021

Society for Maternal-Fetal Medicine[46]

Royal Australian and New Zealand College of
Obstetricians and Gynaecologists[49]
FEBRASGO[62]

Australia and
New Zealand
Brazil

Ireland

Society/organisation
National Department of Health[8]
South African Society of Obstetricians and
Gynaecologists[57]

Country
South Africa

Table 2. Guidelines for vaccinating pregnant women

IN PRACTICE

IN PRACTICE

Declaration. None.
Acknowledgements. None.
Author contributions. JZ and LM conceived the article. All authors
contributed equally to the writing of the article.
Funding. No specific funding was received for this study.
Conflicts of interest. JZ, LM and RTS: none. AJW reports personal fees from
Sanofi, consults for patients enrolled in the Minervax MVX-0005 study, and
is a site investigator for the C4591015 Pfizer Maternal COVID Study. HL is a
site investigator for the C4591015 Pfizer Maternal COVID Study.

1. National Department of Health, South Africa. Minister Zweli Mkhize: Public briefing statement
on South Africa’s coronavirus COVID-19 vaccine strategy. 3 January 2021. https://www.gov.
za/speeches/minister-zweli-mkhize-public-briefing-statement-south-africa%E2%80%99scoronavirus-covid-19-vaccine?gclid=Cj0KCQiA34OBBhCcARIsAG32uvPcDNfJ7SlHj5mg4bdaEM4qg8ICbER9Mkpla7WEQvzNYUSRZXCy4TsaAps2EALw_wcB (accessed 8 February 2021).
2. Zambrano LD, Ellington S, Strid P, et al. 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;69:1641-1647. https://doi.
org/10.15585/mmwr.mm6944e3
3. 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. https://doi.org/10.1136/bmj.m3320
4. Badr DA, Mattern J, Carlin A, et al. Are clinical outcomes worse for pregnant women at ≥20 weeks’
gestation infected with coronavirus disease 2019? A multicenter case-control study with propensity
score matching. Am J Obstet Gynecol 2020;223(5):764-768. https://doi.org/10.1016/j.ajog.2020.07.045
5. Jering KS, Claggett BL, Cunningham JW, et al. Clinical characteristics and outcomes of hospitalized
women giving birth with and without COVID-19. JAMA Intern Med 2021 (epub 15 January 2021).
https://doi.org/10.1001/jamainternmed.2020.9241
6. Rasmussen S, Jamieson D. Influenza and pregnancy in the United States: Before, during, and after
2009 H1N1. Clin Obstet Gynecol 2012;55(2):487-497. https://doi.org/10.1097/GRF.0b013e31824df23e
7. Rasmussen SA, Jamieson DJ, Bresee JS. Pandemic inﬂuenza and pregnant women. Emerg Infect Dis
2008;14(1):95-100. https://doi.org/10.3201/eid1401.070667
8. SABC News. Pregnant women, newborns won’t get COVID-19 jabs yet: Mkhize. 30 January 2021.
https://web.archive.org/web/20210309223617/https://www.sabcnews.com/sabcnews/pregnantwomen-newborns-to-be-exempted-from-covid-19-vaccination-mkhize/ (accessed 3 February 2021).
9. Wastnedge EAN, Reynolds RM, van Boeckel SR, et al. Pregnancy and COVID-19. Physiol Rev
2021;101(1):303-318. https://doi.org/10.1152/physrev.00024.2020
10. Schwartz DA. An analysis of 38 pregnant women with COVID-19, their newborn infants, and
maternal-fetal transmission of SARS-CoV-2: Maternal coronavirus infections and pregnancy
outcomes. Arch Pathol Lab Med 2020;144(7):799-805. https://doi.org/10.5858/arpa.2020-0901-SA
11. Knight M, Bunch K, Vousden N, et al. Characteristics and outcomes of pregnant women admitted to
hospital with confirmed SARS-CoV-2 infection in UK: National population based cohort study. BMJ
2020;369:m2107. https://doi.org/10.1136/bmj.m2107
12. Kyle MH, Glassman ME, Khan A, et al. A review of newborn outcomes during the COVID-19
pandemic. Semin Perinatol 2020;44(7):1-10. https://doi.org/10.1016/j.semperi.2020.151286
13. Pierce-Williams RAM, Burd J, Felder L, et al. Clinical course of severe and critical coronavirus
disease 2019 in hospitalized pregnancies: A United States cohort study. Am J Obstet Gynecol MFM
2020;2(3):100134. https://doi.org/10.1016/j.ajogmf.2020.100134
14. Dashraath P, Wong JLJ, Lim MXK, et al. Coronavirus disease 2019 (COVID-19) pandemic and
pregnancy. Am J Obstet Gynecol 2020;222(6):521-531. https://doi.org/10.1016/j.ajog.2020.03.021
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. https://doi.org/10.1016/S2352-4642(20)30342-4
16. Dong L, Tian J, He S, et al. Possible vertical transmission of SARS-CoV-2 from an infected mother to
her newborn. JAMA 2020;323(18):1846-1848. https://doi.org/10.1001/jama.2020.4621
17. Zeng H, Xu C, Fan J, et al. Antibodies in infants born to mothers with COVID-19 pneumonia. JAMA
2020;323(18):1848-1849. https://doi.org/10.1001/jama.2020.4861
18. Vivanti AJ, Vauloup-Fellous C, Prevot S, et al. Transplacental transmission of SARS-CoV-2 infection.
Nat Commun 2020;11(1):3572. https://doi.org/10.1038/s41467-020-17436-6
19. Shah PS, Diambomba Y, Acharya G, et al. Classification system and case definition for SARS-CoV-2
infection in pregnant women, fetuses, and neonates. Acta Obstet Gynecol Scand 2020;99(5):565-568.
https://doi.org/10.1111/aogs.13870
20. Zhang W, Du RH, Li B, et al. Molecular and serological investigation of 2019-nCoV infected patients:
Implication of multiple shedding routes. Emerg Microbes Infect 2020;9(1):386-389. https://doi.org/
10.1080/22221751.2020.1729071
21. Ovalı F. SARS-CoV-2 infection and the newborn. Front Pediatr 2020;8:294. https://doi.org/10.3389/
fped.2020.00294
22. Krammer F. SARS-CoV-2 vaccines in development. Nature 2020;586(7830):516-527. https://doi.
org/10.1038/s41586-020-2798-3
23. South African Health Products Regulatory Authority. COVID-19 vaccines regulatory status update.
27 January 2021. https://sacoronavirus.co.za/2021/01/27/sahpra-covid-19-vaccines-regulatory-statusupdate/ (accessed 8 February 2021).
24. Folegatti PM, Ewer KJ, Aley PK, et al. Safety and immunogenicity of the ChAdOx1 nCoV-19 vaccine
against SARS-CoV-2: A preliminary report of a phase 1/2, single-blind, randomised controlled trial.
Lancet 2020;396(10249):467-478. https://doi.org/10.1016/S0140-6736(20)31604-4
25. Sadoff J, le Gars M, Shukarev G, et al. Interim results of a phase 1-2a trial of Ad26.COV2.S Covid-19
vaccine. N Engl J Med 2021 (epub 13 January 2021). https://doi.org/10.1056/NEJMoa2034201
26. Stedman A, Wright D, Wichgers Schreur PJ, et al. Safety and efficacy of ChAdOx1 RVF vaccine against
Rift Valley fever in pregnant sheep and goats. NPJ Vaccines 2019;18(4):44-54. https://doi.org/10.1038/
s41541-019-0138-0
27. Hassan AO, Dmitriev IP, Kashentseva EA, et al. A gorilla adenovirus-based vaccine against Zika virus
induces durable immunity and confers protection in pregnancy. Cell Rep 2019;28(10):2634-2646.e4.
https://doi.org/10.1016/j.celrep.2019.08.005
28. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine.
N Engl J Med 2020;383(27):2603-2615. https://doi.org/10.1056/NEJMoa2034577
29. 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. https://doi.org/10.1056/NEJMoa2035389

548

30. Centers for Disease Control and Prevention. Understanding mRNA COVID-19 vaccines. 18 Decem
ber 2020. https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/mrna.html (accessed
4 February 2020).
31. ModernaTx Inc. FDA Briefing Document: Moderna COVID-19 vaccine. 17 December 2020. https://
www.fda.gov/media/144434/download (accessed 27 January 2021).
32. Centers for Disease Control and Prevention. Interim clinical considerations for use of mRNA
COVID-19 vaccines currently authorized in the United States. 2021. https://www.cdc.gov/vaccines/
covid-19/info-by-product/clinical-considerations.html (accessed 27 January 2021).
33. Keech C, Albert G, Cho I, et al. Phase 1-2 trial of a SARS-CoV-2 recombinant spike protein
nanoparticle vaccine. N Engl J Med 2020;383(24):2320-2332. https://doi.org/10.1056/NEJMoa2026920
34. August A, Glenn GM, Kpamegan E, et al. A phase 2 randomized, observer-blind, placebo-controlled,
dose-ranging trial of aluminum-adjuvanted respiratory syncytial virus F particle vaccine formulations
in healthy women of childbearing age. Vaccine 2017;35(30):3749-3759. https://doi.org/10.1016/j.
vaccine.2017.05.045
35. Ciobanu AM, Dumitru AE, Gica N, Botezatu R, Peltecu G, Panaitescu AM. Benefits and risks
of IgG transplacental transfer. Diagnostics (Basel) 2020;10(8):583. https://doi.org/10.3390/
diagnostics10080583
36. Lindsey B, Kampmann B, Jones C. Maternal immunization as a strategy to decrease susceptibility
to infection in newborn infants. Curr Opin Infect Dis 2013;26(3):248-253. https://doi.org/10.1097/
QCO.0b013e3283607a58
37. Steinhoff MC, MacDonald N, Pfeifer D, Muglia LJ. Influenza vaccine in pregnancy: Policy and research
strategies. Lancet 2014;383(9929):1611-1613. https://doi.org/10.1016/S0140-6736(14)60583-3
38. Moro P, Baumblatt J, Lewis P, Cragan J, Tepper N, Cano M. Surveillance of adverse events after seasonal
influenza vaccination in pregnant women and their infants in the Vaccine Adverse Event Reporting
System, July 2010 - May 2016. Drug Saf 2017;40(2):145-152. https://doi.org/10.1007/s40264-016-0482-1
39. National Department of Health, South Africa. Standard Treatment Guidelines and Essential Medicines
List for South Africa. Primary Healthcare Level. 6th ed. Pretoria: NDoH, 2018.
40. Madhi SA, Cutland CL, Kuwanda L, et al. Influenza vaccination of pregnant women and protection of
their infants. N Engl J Med 2014;371(10):918-931. https://doi.org/10.1056/NEJMoa1401480
41. Nunes MC, Cutland CL, Madhi SA. Influenza vaccination during pregnancy and protection against
pertussis. N Engl J Med 2018;378(13):1257-1258. https://doi.org/10.1056/NEJMc1705208
42. Mackin DW, Walker SP. The historical aspects of vaccination in pregnancy. Best Pract Res Clin Obstet
Gynaecol 2020 (epub 13 October 2020). https://doi.org/10.1016/j.bpobgyn.2020.09.005
43. McMillan M, Clarke M, Parrella A, Fell DB, Amirthalingam G, Marshall HS. Safety of tetanus,
diphtheria, and pertussis vaccination during pregnancy: A systematic review. Obstet Gynecol
2017;129(3):560-573. https://doi.org/10.1097/AOG.0000000000001888
44. Forsyth K, Plotkin S, Tan T, Wirsing von König CH. Strategies to decrease pertussis transmission to
infants. Pediatrics 2015;135(6):e1475-e1482. https://doi.org/10.1542/peds.2014-3925
45. Gilbert P, Rudnick C. Newborn antibodies to SARS-CoV-2 detected in cord blood after maternal
vaccination. medRxiv 2021 (epub 5 February 2021). https://doi.org/10.1101/2021.02.03.21250579
46. Society for Maternal-Fetal Medicine. Society for Maternal-Fetal Medicine (SMFM) statement: SARSCoV-2 vaccination in pregnancy. 1 December 2020. https://s3.amazonaws.com/cdn.smfm.org/
media/2591/SMFM_Vaccine_Statement_12-1-20_(final).pdf (accessed 3 February 2021).
47. American College of Obstetricians and Gynecologists. Vaccinating pregnant and lactating patients
against COVID-19. 4 February 2021. https://www.acog.org/clinical/clinical-guidance/practiceadvisory/articles/2020/12/vaccinating-pregnant-and-lactating-patients-against-covid-19 (accessed 10 Febru
ary 2021).
48. Royal College of Obstetricians and Gynaecologists. Updated advice on COVID-19 vaccination in
pregnancy and women who are breastfeeding (statement supported by the Royal College of Obstetricians
and Gynaecologists, Royal College of Midwives, British Maternal and Fetal Medicine Society, Macdonald
Obstetric Medicine Society, UK Teratology Information Service and National Perinatal Epidemiology
Unit). 30 December 2020. https://www.rcog.org.uk/en/news/updated-advice-on-covid-19-vaccinationin-pregnancy-and-women-who-are-breastfeeding/ (accessed 3 February 2021).
49. Royal Australian and New Zealand College of Obstetricians and Gynaecologists. RANZCOG –
COVID-19 vaccination information. 26 January 2021. https://ranzcog.edu.au/statements-guidelines/
covid-19-statement/covid-19-vaccination-information (accessed 3 February 2021).
50. Janssen Vaccines & Prevention B.V. An open-label, phase 2 study to evaluate the safety, reactogenicity,
and immunogenicity of Ad26.COV2.S in healthy pregnant participants. 21 February 2021. https://
clinicaltrials.gov/ct2/show/NCT04765384 (accessed 8 March 2021).
51. BioNTech SE. A phase 2/3, placebo-controlled, randomized, observer-blind study to evaluate the
safety, tolerability, and immunogenicity of a SARS-CoV-2 RNA vaccine candidate (BNT162B2)
against COVID-19 in healthy pregnant women 18 years of age and older. 15 February 2021. https://
clinicaltrials.gov/ct2/show/NCT04754594 (accessed 8 March 2021).
52. Pfizer and BioNTech. FDA Briefing Document: Pfizer-BioNTech COVID-19 vaccine. 10 December
2020. https://www.fda.gov/media/144245/download (accessed 1 February 2021).
53. Department of Health and Social Care (DHSC), AstraZeneca AB. Public Assessment Report
Authorisation for Temporary Supply: COVID-19 vaccine AstraZeneca, solution for injection in
multidose container: COVID-19 vaccine. 5 January 2021. https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/949772/UKPAR_COVID_19_Vaccine_
AstraZeneca_05.01.2021.pdf (accessed 1 February 2021).
54. Janssen Biotech. FDA Briefing Document: Janssen Ad26.COV2.S vaccine for the prevention of
COVID-19. 26 February 2021. https://www.fda.gov/media/146217/download (accessed 10 March 2021).
55. Obstetrics and Gynecology, University of Washington. COVID-19 vaccine in pregnancy and lactation:
Registry to explore immunization practices, outcomes and quality improvement initiatives. https://
redcap.iths.org/surveys/?s=87JFRCL8R8 (accessed 2 February 2021).
56. Shimabukuro T. Centers for Disease Control: COVID-19 vaccine safety update. 27 January 2021.
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-01/06-COVID-Shimabukuro.
pdf (accessed 23 February 2021).
57. South African Society of Obstetricians and Gynaecologists. COVID-19 vaccination advice for pregnant
and breastfeeding women. 28 January 2021. https://sasog.co.za/wp-content/uploads/2021/02/Covid19-vaccination-advice-pamphlet-28-Jan.pdf (accessed 3 February 2021).
58. Poliquin V, Castillo E, Boucoiran I, et al. SOGC statement on COVID-19 vaccination in pregnancy.
1 February 2021. https://www.sogc.org/common/Uploaded%20files/Latest%20News/SOGC_Statement_
COVID-19_Vaccination_in_Pregnancy.pdf (accessed 2 February 2021).
59. Joint Committee on Vaccination and Immunisation. Joint Committee on Vaccination and
Immunisation: Advice on priority groups for COVID-19 vaccination. 30 December 2020. https://
assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/950113/
jcvi-advice-on-priority-groups-for-covid-19-vaccination-30-dec-2020-revised.pdf (accessed 3 February
2021).
60. World Health Organization. Interim recommendations for use of the Moderna mRNA-1273 vaccine
against COVID-19. 25 January 2021. https://www.who.int/publications-detail-redirect/interimrecommendations-for-use-of-the-moderna-mrna-1273-vaccine-against-covid-19 (accessed 2 February
2021).
61. World Health Organization. Who can take the Pfizer-BioNTech COVID-19 vaccine? 8 January 2021.
https://www.who.int/news-room/feature-stories/detail/who-can-take-the-pfizer-biontech-covid-19-vaccine (accessed 3 February 2021).

June 2021, Vol. 111, No. 6

IN PRACTICE

62. FEBRASGO. Recomendação Febrasgo na Vacinação de gestantes e lactantes contra COVID-19. 18
January 2021. https://www.febrasgo.org.br/pt/noticias/item/1207-recomendacao-febrasgo-na-vacinacaogestantes-e-lactantes-contra-covid-19 (accessed 10 February 2021).
63. Health Service Executive (Ireland). COVID-19 vaccine when pregnant or breastfeeding. 8 February 2021.
https://www2.hse.ie/screening-and-vaccinations/covid-19-vaccine/covid-19-vaccine-and-pregnancy.
html (accessed 10 February 2021).

549

64. Centers for Disease Control and Prevention. Vaccination considerations for people who are
pregnant or breastfeeding. 12 February 2021. https://www.cdc.gov/coronavirus/2019-ncov/vaccines/
recommendations/pregnancy.html (accessed 15 March 2021).

Accepted 23 March 2021.

June 2021, Vol. 111, No. 6

