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Key Message
The rate of SARS-CoV-2 infection in pregnancy does not appear to be higher than in the
general population; however, compared to their non-pregnant counterparts, pregnant
individuals have higher morbidity and mortality, with a higher risk of intensive care
unit (ICU) admission, mechanical ventilation, and need for extracorporeal membrane
oxygenation (ECMO). They also have a higher frequency of pre-eclampsia, Cesarean
delivery, and a higher rate of preterm birth.
Care of the critically ill pregnant patient with COVID-19 requires a multidisciplinary
team that includes obstetrics, neonatology, anesthesia, infectious diseases, medicine,
and critical care.
Potentially life-saving evidence-based therapies such as corticosteroids and tocilizumab
should not be withheld from pregnant individuals with severe COVID-19.
Vaccines against SARS-CoV-2 are safe to use among pregnant individuals and
vaccination is highly recommended in this population.

Summary
Background
Since the emergence of SARS-CoV-2, there has been concern for the vulnerability of
the pregnant population to COVID-19. Historically, pregnant individuals have been
at higher risk for adverse medical and obstetrical outcomes during viral respiratory
outbreaks. Immunologic, respiratory, and anatomic changes that occur during
pregnancy may explain the greater susceptibility to more severe disease.
Questions
What is the incidence of SARS-CoV-2 infection in pregnant individuals compared to
non-pregnant reproductive-aged peers?
Among pregnant individuals with SARS-CoV-2 infection, what is the rate of hospital
admission, ICU admission, and mechanical ventilation for COVID-19 respiratory
disease?
What are the outcomes (maternal, obstetrical, and neonatal) across hospitalized and
critically ill pregnant patients with COVID-19 acute respiratory failure?
What are the unique management considerations for critically ill pregnant patients
with COVID-19?

The views and findings expressed in this
Science Brief are those of the authors and do
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Findings
Available data suggest that the incidence of symptomatic SARS-CoV-2 infection is not
higher in the pregnant population compared to the general population; however,
incidence is difficult to delineate from existing international data. There appears to be
a higher incidence of asymptomatic infection in the pregnant population.
Seven to fifteen percent of pregnant individuals with COVID-19 will experience
moderate to severe disease requiring hospitalization. Canadian and international data
suggest that pregnant individuals with SARS-CoV-2 infection have a higher risk of
ICU admission, mechanical ventilation, and need for ECMO. More data surrounding
VOCs in this population is needed to understand whether they pose a higher risk of
illness severity.
Maternal morbidity and mortality is higher in pregnant individuals with COVID-19
compared to those without the virus. Poor obstetrical and neonatal outcomes have
also been reported, though very few Canadian infants tested positive for SARS-CoV-2
after birth from COVID-19 positive pregnant individuals. This suggests that the rate of
transmission to the fetus during delivery is low.
There is limited high-quality data on the management of severe COVID-19 acute
respiratory failure in pregnant individuals. Pregnant patients with severe COVID-19
should ideally be cared for by multidisciplinary teams familiar with the management
of pregnant patients with respiratory failure. Principles of management that apply to
non-pregnant patients with severe COVID-19 should be applied to pregnant patients,
including the use of evidence-based medications such as corticosteroids, tocilizumab,
and interventions such as prone positioning for mechanically ventilated patients
and extracorporeal membrane oxygenation (ECMO), when indicated. In the setting
of severe acute respiratory distress syndrome (ARDS), optimal timing of delivery
should be discussed with the obstetrical care provider. Decision-making for delivery in
critically ill obstetrical patients with COVID-19 acute respiratory failure should involve
obstetrical care, maternal fetal medicine, critical care, anaesthesia, and neonatal
providers and take into consideration the gestational age, health of the fetus, and
severity of illness of the patient.
While pregnant individuals were excluded from the clinical trials of mRNA and
viral vector COVID-19 vaccines, several published analyses of large cohorts have
demonstrated effectiveness of vaccines in reducing the likelihood of acquiring SARSCoV-2 and there have been no concerning safety signals reported among pregnant
vaccine recipients.
Interpretation
Whereas the overall incidence of SARS-CoV-2 respiratory infection may be low,
pregnant individuals infected with SARS-CoV-2 are at increased risk of developing
severe COVID-19 and adverse pregnancy and neonatal outcomes. At the time of writing
this Science Brief, there is limited evidence on the impact of SARS-CoV-2 VOCs on the
incidence, severity, outcomes, and management of pregnant individuals compared to
the general population. Despite the safety and efficacy of COVID-19 mRNA vaccines
and the heightened risk for severe disease in the pregnant population, vaccine uptake
in pregnant individuals is lower than other higher-risk populations. Vaccine hesitancy
is, in part, driven by the failure to include pregnant individuals in initial vaccine
trials. Tailored messaging to increase vaccine confidence is needed — particularly
considering more virulent VOCs. Finally, future clinical trials during respiratory disease
epidemics and pandemics should include pregnant individuals. In collaboration with
experts in obstetrical care, methods for rapidly evaluating the safety and efficacy of
novel therapies should be pursued to determine eligibility of pregnant individuals for
therapeutic trials. It is essential to accumulate high-quality data for this particularly
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vulnerable group given their immunologic and physiologic susceptibility to developing
severe respiratory failure.

Background
Since the emergence of SARS-CoV-2, there has been concern for the unique
vulnerability of the pregnant population to COVID-19. Immunologic and respiratory
changes that occur during pregnancy may explain the greater susceptibility to severe
disease, alongside the anatomic and physiologic changes that occur with advancing
gestation.1–4 Increased oxygen consumption and minute ventilation, decreased
functional residual capacity, airway edema, and transient immunosuppression with
altered T-cell mediated immunity render pregnant individuals susceptible to severe
infection. Historically, the pregnant population has experienced increased illness
severity and adverse outcomes during viral respiratory infection outbreaks, such as
the H1N1 influenza pandemic of 1919, the H2N2 influenza pandemic in 1959, the 2009
H1N1 influenza pandemic, and MERS-CoV.1–4 The objectives of this brief are to evaluate
the incidence, severity, and outcomes of COVID-19 in pregnant individuals and describe
unique management considerations for those with moderate to severe COVID-19.
Questions
What is the incidence of SARS-CoV-2 infection in pregnant individuals compared to
non-pregnant reproductive-aged peers?
Among pregnant individuals with SARS-CoV-2 infection, what is the rate of hospital
admission, ICU admission, and mechanical ventilation for COVID-19 respiratory
disease?
What are the outcomes (maternal, obstetrical, and neonatal) across hospitalized and
critically ill pregnant patients with COVID-19 acute respiratory failure?
What are the unique management considerations for critically ill pregnant patients
with COVID-19?

Findings
Characterizing Incidence
It is difficult to characterize the incidence of SARS-CoV-2 infection in the pregnant
population because of the variability in testing thresholds, data collection methods,
and community prevalence of COVID-19 from international reports.5–10 Testing
strategies varied by jurisdiction and ranged from universal testing of all pregnant
individuals to screening/symptom-based testing at the time of delivery.
The PregCOVID living systematic review was established early in the pandemic to
evaluate clinical manifestations, risk factors, and outcomes of pregnant individuals with
COVID-19.7 In their latest publication with data through October 2020, which included
73 studies and 67,271 pregnant individuals, 10% of pregnant or recently pregnant
patients admitted to hospital for any reason had suspected or confirmed COVID-19.7
The Canadian Surveillance of COVID-19 in Pregnancy team (CANCOVID) was established
at the beginning of the pandemic and regularly reports on the epidemiology and
maternal and infant outcomes of patients with COVID-19. The reports include data from
5 Canadian provinces (Ontario, Manitoba, British Columbia, Quebec, and Alberta).6
According to the most recent report (released on June 3, 2021) reflecting the time
period from March 2020 to March 31, 2021, 4,805 cases of COVID-19 in pregnancy
had been collected. The rate of SARS-CoV-2 infection in pregnancy varied by province,
ranging between 0.9 to 2.8%. The rate of infection in non-pregnant women of similar
age during the same time period was 2.6 to 6.7%. In Ontario specifically, 1,358
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pregnant individuals had tested positive for SARS-CoV-2, representing 0.89% of the
pregnant population. This incidence is lower than that of non-pregnant reproductive
aged peers (2.99%); however, the reporting period was largely prior to the emergence
of the more transmissible Alpha (B.1.1.7) or Delta (B.1.617.2) VOCs in Ontario.
Furthermore, according to reports from universal screening programs at the time of
delivery in the UK, Belgium, and New York, pregnant individuals had a higher incidence
of asymptomatic infection than their non-pregnant peers, despite similar incidence
of COVID-19.7–10 It is possible that the incidence could be underestimated in Canada
given the absence of universal screening and/or testing.
Maternal Demographics
CANCOVID data indicates that the second and third trimesters were the most
common time in pregnancy for SARS-CoV-2 infection.6 Gestational age was less than
14 weeks in 20.9% of cases, 14 to 27 weeks in 40.1% of cases, 28 to 38 weeks in
31.6% of cases, and >38 weeks in 7.5% of cases. Awareness of pregnancy could have
underestimated the incidence in the first trimester. Obesity was the most common
underlying maternal condition (12.9%), followed by diabetes (11.2%). The majority
of Canadian pregnant individuals presenting with COVID-19 were 30-34 years of age.
Notably, maternal age greater than 35 was identified as a risk factor for infection.
This could be due to an increased incidence of maternal co-morbidities in this age
group given that it is typically a population identified as higher obstetrical risk. Overall,
risk factors for the acquisition of SARS-CoV-2 appeared to mirror those in the general
population including being a member of a racialized community, low-income status,
or living in neighborhoods with increased population densities.11 A large international
study also demonstrated that the presence of diabetes, hypertension and pulmonary
disease were risk factors for COVID-19 infection during pregnancy.12
In summary, the incidence of COVID-19 does not appear to be higher in pregnancy.
However, there may be an increase in asymptomatic infection in pregnant individuals.
The second and third trimesters are the most common time in pregnancy to acquire
SARS-CoV-2 infection. There is limited information regarding the profile of the pregnant
individual diagnosed with COVID-19 due to VOCs. The increased transmissibility of
VOCs may impact the identified risk factors for infection, increasing the vulnerability
of the pregnant population.
Characterizing Severity
Canadian and international data indicate that the majority (85 to 90%) of pregnant
individuals infected with SARS-Cov-2 were asymptomatic or had mild disease.6-10
However, 7 to 15% of pregnant individuals with COVID-19 experienced moderate to
severe disease requiring hospitalization,7 admission to the ICU, mechanical ventilation,
or consideration for ECMO. Compared with non-pregnant reproductive aged peers
diagnosed with COVID-19, the relative rates of hospitalization and admission to ICU
were significantly increased (RR 4.26 95% CI 3.45-5.10 – hospitalization; RR 11.39
95% CI 7.90-15.21 0 ICU admission).6 Of pregnant individuals with data available in
CANCOVID, 7.1% of pregnant individuals with COVID-19 were admitted to hospital
and 2.5% were admitted to the ICU (compared to 1.5% and 0.25%, respectively, of
non-pregnant reproductive aged peers). The increased relative risk may reflect the
exacerbation of the disease by the physiology of pregnancy and/or a lower threshold
for admission.
Similar increases in ICU admission of pregnant patients with COVID-19 were noted
in reports from the US, UK, and Italy.13,14 The INTERCOVID multinational cohort study
of 43 institutions across 18 countries reported increased risk of ICU admission and
referral to higher levels of care.13 International rates for ICU admission were 5 to 7% in
pregnant hospitalized patients with COVID-19.
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While the decision to admit pregnant patients with COVID-19 to hospital or ICU may
reflect a lower threshold to advance care for this population, the corresponding need
for mechanical ventilation reported in many studies (2 to 6% of pregnant individuals
in the INTERCOVID study) is indicative of clinically severe disease.13 According to the
PregCOVID living systematic review of 192 cohort studies of pregnancy outcomes
across hospitalized patients with COVID-19 during the first wave, the odds ratio
(OR) for ICU admission was 2.13 (95% CI 1.53 to 2.95), need for invasive mechanical
ventilation was 2.59 (95% CI 2.28 to 2.94), and need for ECMO was 2.02 (95% CI 1.22
to 3.34) compared to non-pregnant females of similar age.7 Pregnant individuals with
COVID-19 were hospitalized 3.73 days longer than pregnant individuals without COVID.7
The Impact of Variants of Concern on Severity of Illness
Over a series of reports from CANCOVID, the relative risk of hospitalization and ICU
admission increased.6 However, the most recent report partially incorporates the
timeframe during which the Alpha variant was circulating, suggesting the increased
relative risk of moderate to severe disease in the pregnant population may be driven
by the VOCs.6 In a preprint describing emerging VOCs in Ontario from February to
June 2021, 566 out of 200,000 patients were pregnant, with 74% (419) having a VOC.14
After adjusting for relevant confounders, pregnant individuals had an OR of 6.27 (95%
CI 4.47 to 8.60) for hospitalization and OR 6.46 (95% CI 3.43 to 12.21 for ICU admission
compared to the general population.22
According to the March 2021 UK Obstetrical Surveillance System/ISARIC Coronavirus
Clinical Characterization Consortium, COVID-19 Clinical Information Network (UKOSS/
ISARIC/CO-CIN) report from the UK, there was a greater proportion of recently
pregnant (within 6 weeks) or pregnant individuals with confirmed COVID-19 admitted
from September 2020 to March 2021 (wave 2 — 293 pregnant out of 2157 females
aged 16 to 49; 14%) compared to March 2020 to August 2020 (wave 1 — 70 pregnant
out of 790 females aged 16 to 49; 9%).15 There was a higher proportion of pregnant
patients requiring invasive mechanical ventilation in the first 24 hours of hospital
admission from September 2020 to March 2021 (wave 2 — 93 out of 686 females aged
16 to 49; 13.5%) compared to March to August 2020 (wave 1 — 31 out of 376 females
aged 16 to 49; 8.2%). The Alpha variant was first detected in the UK in November
2020 from a sample taken in September 2020; therefore, this higher incidence noted
in the pregnant population suggests a higher severity of illness with the Alpha variant.
There was no data available at the time of the evidence synthesis on the severity
of illness with the Delta variant. The Royal Brompton Hospital, one of five ECMO
centers in the UK, reported increased referrals for ECMO for women aged 16 to 49
with COVID-19 during the second wave, with a large proportion being pregnant or
recently pregnant (Wave 1: 12%; Wave 2: 28%, p=0.047).16 These reports convey an
increased utilization of critical care resources for pregnant individuals infected with
VOCs. However, it is not known whether these reflect changes in demographics or
whether the emerging VOCs pose an augmented risk unique to pregnant individuals
compared to the general population.
Characterizing Outcomes
Evidence to date suggests that pregnant patients with COVID-19 acute respiratory
failure are at increased risk of maternal morbidity and mortality, and poor neonatal
outcomes compared to pregnant patients without COVID-19.7 The impact of COVID-19
in pregnancy on maternal, obstetrical, and neonatal outcomes has been described in a
variety of populations both nationally and internationally.
Maternal Outcomes
The INTERCOVID cohort study reported an increased risk of a composite of maternal
Science Briefs | www.covid19-sciencetable.ca/science-briefs

September 13, 2021 | 5

Ontario COVID-19 Science Advisory Table

The Incidence, Severity, and Management of COVID-19 In Critically Ill Pregnant Individuals

morbidity or mortality (risk ratio (RR) 1.54) in pregnant individuals with COVID-19
compared with pregnant individuals without COVID-19, and a 22-fold increased risk of
maternal death.13 The odds ratio (OR) for all-cause mortality was 2.85 (95% CI 1.08 to
7.52) compared to pregnant individuals without COVID-19 according to the PregCOVID
systematic review (8 studies across 4,820 pregnant individuals; data available until
October 2020).7
However, whether pregnant individuals with COVID-19 are at higher risk of death
compared to non-pregnant women of similar age with COVID-19 remains unknown.
Based on data in the PregCOVID living systematic review (59 studies across 41,664
pregnant individuals with COVID-19), the overall mortality in pregnant individuals
remains low (0.02%, 95% CI 0.00 to 0.42) .7 In this report, there was no increase in
all-cause mortality when compared to non-pregnant women of reproductive age with
COVID-19 (OR 0.96; 95% CI 0.79 to 1.02). However, these data do not reflect outcomes
of patients infected with VOCs.
Risk Factors for Disease Severity and Mortality
Several important risk factors for disease severity and need for critical care among
pregnant individuals with COVID-19 have been identified and mirror the general
population. High body mass index (greater than 30) was associated with increased
risk of severe COVID-19 (OR 2.37), admission to ICU (OR 2.71), need for invasive
ventilation (OR 6.61), and death (OR 2.27).7 Non-white ethnicity was associated with
increased risk of admission to ICU (OR 1.66), invasive ventilation (OR 2.23), and death
(OR 1.61).7 Increasing maternal age (>35 years in 6 out of 7 studies) was associated
with risk of developing severe COVID-19 (OR 1.83) and admission to ICU (OR 2.11).7
One possible interpretation of the existing data is that the existence of comorbidities
in pregnant individuals may explain the higher severity of illness compared to nonpregnant individuals.
The World Association of Perinatal Medicine Working Group on COVID-19 evaluated
high versus low-risk pregnancies complicated by severe COVID-19 across 76 centers
and 25 countries (published February 20, 2021). Higher risk pregnancies, defined by
the presence of pre-existing chronic medical conditions (e.g., chronic hypertension/
diabetes) or obstetrical disorders (e.g., pre-eclampsia, gestation hypertension, or
gestation diabetes), were at higher risk for ICU admission, use of mechanical ventilation,
or adverse maternal morbidity/mortality compared to low-risk pregnancies.17
Obstetrical and Neonatal Outcomes
An increased rate of preterm birth, low birth weight, pre-eclampsia, and Cesarean
delivery has been described with COVID-19.6,8,12,18 Among pregnant individuals with
COVID-19 who delivered in Canada, 97% of births were live births, 63% were vaginal
deliveries, and 37% were Cesarean sections driven by obstetrical, fetal, or medical
indications.6 The rate of preterm birth was 12.3% in pregnant individuals with
COVID-19, which is higher than the pre-pandemic period (8.3% baseline rate).6 Thirtyfour percent of patients with COVID in pregnancy delivered preterm with a mean
gestational age of 34-37 weeks, a gestational age typically associated with limited
neonatal morbidity and/or mortality. The majority of infants were in the normal range
for birth weight and approximately 15% were admitted to the neonatal ICU.
International reports show similar obstetrical and neonatal outcomes for pregnancies
complicated by COVID-19 as seen in Canada;4,8,13,18 however, the majority reflect
infection when the wild-type strain was predominant. According to the INTERCOVID
cohort study, there was a higher incidence of pre-eclampsia/eclampsia in pregnant
individuals with COVID-19 (RR 1.76; 95% CI 1.27 to 2.43) compared to women without
COVID-19.13,19 This may be due to the overlap between COVID and pre-eclampsia risk
factors. There was a greater incidence of Cesarean delivery (RR 1.28 95% CI 1.16 to
Science Briefs | www.covid19-sciencetable.ca/science-briefs

September 13, 2021 | 6

Ontario COVID-19 Science Advisory Table

The Incidence, Severity, and Management of COVID-19 In Critically Ill Pregnant Individuals

1.40) which was predominantly deemed to be medically indicated (RR 1.97, 95% CI
1.56 to 2.51) and a greater risk of preterm birth (less than 37 weeks gestation) (RR
1.59, 95% CI 1.56 to 2.51). There have been inconsistent reports on the impact of
COVID-19 in pregnancy and the rate of stillbirth and these rates may reflect local
variation and pregnancy risk. Reassuringly, there have not been any reports of
teratogenicity, first trimester spontaneous abortion, or significant impact on fetal
growth attributed to SARS-CoV-2.
Despite potential for in-utero and immediate-newborn impact given the presence of
the ACE2 receptor in placenta and fetal tissues, there are limited reports of COVID-19
infection in the newborn population. The modest increased rate of neonatal ICU
admission can be attributed to the increased rate of preterm birth and not a direct
impact of COVID-19 on the newborn. The majority of babies born at the time of active
maternal COVID-19 infection test negative (less than 90%); of the babies who tested
positive, approximately 2 out of 3 of cases were attributed to horizontal transmission
after delivery.6,20 In Canada, 237 infants were tested for SARS-CoV-2 infection after
birth with fewer than 6 having a positive result.6,21 There are reported cases of possible
Multisystem Inflammatory Syndrome of neonates.22,23
Risk Factors for Poor Obstetrical and Neonatal Outcomes
The majority of studies on obstetrical and neonatal outcomes of SARS-CoV-2 infection
in pregnancy do not stratify by COVID-19 disease severity. However, there is some
preliminary evidence demonstrating that, compared to mild COVID-19, severe
COVID-19 was more strongly associated with the development of pre-eclampsia,
preterm birth, Cesarean delivery, low birth weight, and neonatal ICU admission.24
Similarly, data from the UKOSS/ISARIC/CO-CIN report suggest that pregnant patients
with COVID-19 acute respiratory failure may be at increased risk of morbidity and
mortality, adverse obstetrical events, and neonatal outcomes compared to pregnant
patients without COVID-19.15

Figure 1. An Overview of Incidence, Severity, Outcomes, and Implications of COVID-19 in Pregnancy

Management Considerations Unique to the Obstetrical Population with Severe
COVID-19
Organizational Considerations
Pregnant patients with severe acute respiratory failure due to COVID-19 should be
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admitted to a centre with pregnancy and COVID-19 expertise appropriate for the
gestational age of the patient including critical care, obstetrical care, neonatal ICU,
obstetrical anesthesia, obstetrical medicine, and high-risk obstetrical care providers.
This may require transfer of the patient to an institution capable of providing this
multidisciplinary care. If transfer is not feasible and/or all types of expertise are not
available at one site, consideration should be given to the creation of virtual teams that
include off-site high-risk obstetrical medicine experts, maternal fetal medicine experts
and/or critical care physicians with expertise in the management of pregnant patients
with respiratory failure, as well as neonatal transport capability where needed.
Acute Respiratory Failure Management
In the setting of acute respiratory failure requiring invasive mechanical ventilation,
principles of care should mirror that of the non-COVID-19 pregnant patient.
Traditionally, oxygen saturation in the pregnant individual is maintained at or above
94% based on animal studies reflecting changes in fetal behaviours (breathing
and movement), heart rate, and middle cerebral artery blood flow in response to
incremental decreases in saturations lower than 94%.25 However, generalizability of
these findings may be limited given differences in placental anatomy and physiology.
It is well understood that fetal hemoglobin has a higher affinity for oxygen than adult
hemoglobin, a factor which promotes fetal oxygenation; a passive gradient of diffusion
from fetal to maternal circulation allows for fetal excretion of carbon dioxide. However,
fetal oxygenation is not dependent solely on maternal oxygen saturation; oxygen
delivery to the fetus is dependent on maternal oxygen content (hemoglobin and
oxygen saturation) and placental blood flow determined by maternal cardiac output.
As such, fetal surveillance parameters (e.g., heart rate by non-stress test, biophysical
profile) will be influenced by factors other than maternal oxygen saturation including
sedation/paralysis and/or the symptoms of disease (e.g., maternal fever, tachycardia)
in the setting of mechanical ventilation and as such become difficult to interpret. Use
of fetal Doppler studies (umbilical artery and fetal ductus venosus Doppler pattern)
may be useful to determine the impact of maternal oxygenation on fetal status.
There is limited data specific to the pregnant population with COVID-19 surrounding
timing of intubation, use of non-invasive oxygen strategies, mechanical ventilation,
sedation management, and use of adjuvant strategies (e.g., prone positioning,
extracorporeal life support, inhaled nitric oxide, etc.). Intubation of a pregnant patient
is considered higher risk given the anatomic and physiologic changes during pregnancy;
therefore, if available in a timely manner, intubation should be conducted by an expert
airway provider. Pregnant patients were excluded from many randomized controlled
trials of COVID-19 therapies and interventions for acute respiratory failure. There is
no role for routine computerized tomography (CT) scans of the chest for any patient
with COVID-19 and should be reserved for when clinically indicated (e.g., ruling out
pulmonary embolism).
Prone Positioning in Mechanically Ventilated Patients
Prone positioning in the setting of severe ARDS is associated with decreased mortality
and has been adopted in the management of COVID-19 ARDS.26–28 Prone positioning
is low cost, and, for the general population, associated with low numbers of adverse
events.27 There has been historic a reluctance to adopt prone positioning for pregnant
patients given perceived challenges or concerns about the impact on the fetus.
Pregnant patients were excluded from many of the early randomized trials on prone
positioning. At the beginning of the pandemic, some guidelines stated that prone
positioning was contraindicated in the second and third trimesters of pregnancy,
citing the lack of guidance available in pregnancy.29
Despite these early recommendations against prone positioning in this population, it
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may help to relieve both diaphragmatic and aortocaval compression on the lungs, which
is beneficial in ARDS.30 Case reports have described the safety of prone positioning
in pregnant patients with ARDS, demonstrating feasibility and improvements in
oxygenation.31–33 However, most case reports describe prone positioning at or less
than 26 weeks gestation. The physiological considerations of the large gravid uterus
in late pregnancy and interference with fetal heart monitoring should be considered.
Towards the end of the third trimester there may be a greater tendency to deliver if
the pregnancy is complicated by severe ARDS as opposed to considering maneuvers
like prone positioning. In the absence of alternative evidence, indications for prone
positioning remain the same as in non-pregnant patients. Clinical guidelines and
algorithms for the safe proning of pregnant individuals have been published and
are available online.30 Discussions about timing of delivery should be made with the
obstetrical team if prone positioning is being considered to help improve maternal
oxygenation. Prone positioning has been employed successfully in post-partum
patients with monitoring of the incision in the setting of Cesarean delivery.
Mode and Timing of Delivery
The diagnosis of COVID-19 in pregnancy is not an indication for delivery, regardless
of gestational age. There is no evidence informing optimal timing of delivery for the
pregnant patient with moderate to severe acute respiratory failure due to COVID-19
compared to pregnant patients with moderate to severe acute respiratory failure due
to other respiratory illnesses. Timing of delivery should be individualized and take into
consideration the clinical status of the patient, the impact of pregnancy on their state of
critical illness, maternal medical and/or obstetrical comorbidities (e.g., pre-eclampsia),
gestational age, and fetal condition.

Figure 2. COVID-19 Management Considerations in Pregnancy
Figure presenting a summary of available evidence for COVID-19 management in pregnancy. aMany institutions
adopted the following approach to corticosteroids: If currently less than 22 or greater than 36 weeks gestation:
methylprednisolone 32 mg IV x 1 dose, followed by methylprednisolone 32 mg IV (or prednisone 40 mg orally) daily for
days 2-10. If currently 22 to 36 weeks gestation: dexamethasone 12 mg IV daily (or dexamethasone 6mg IV twice a day)
for 2 days for fetal lung maturation followed by methylprednisolone 32 mg IV daily (or prednisone 40 mg orally daily)
for days 3-10 (55). If post-partum (with or without breastfeeding) dexamethasone 6 mg orally or IV daily for 10 days
or until hospital discharge. PEEP, positive end-expiratory pressure. ECMO, extracorporeal membrane oxygenation. OB,
obstetrician or obstetrics. NICU, neonatal intensive care unit.
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Although delivery may improve maternal respiratory parameters in some patients, this
is not a universal occurrence, and there is potential for maternal deterioration related
to the physiological stress and fluid shifts of anesthesia and delivery. In late pregnancy,
there may be unique organizational considerations influencing timing of delivery if
ECMO is being considered and the ECMO centre does not provide Obstetrical and
Neonatal services. Management considerations are outlined in Figure 2.
Medications
According to the US National Institute of Health, potentially effective treatments for
COVID-19 should not be withheld from pregnant women with severe acute respiratory
failure because of theoretical concerns related to the safety of therapeutic agents.
Corticosteroids
Corticosteroids have been associated with decreased mortality in hospitalized patients
requiring oxygen with COVID-19.34,35 Pregnancy and breastfeeding were not exclusions
in the RECOVERY trial, the landmark randomized control trial demonstrating the
effectiveness of corticosteroids in SARS-CoV-2 infection. However, only 4 pregnant
patients were enrolled in the corticosteroid platform (with only 1 in the corticosteroid
arm). The reservation for enrollment could possibly be related to the uncertain
impact of corticosteroids on the fetus. Indeed, some studies have documented
associations with intrauterine growth restriction, preterm birth, gestational diabetes,
and pre-eclampsia.36 However, most studies do not adequately account for treatment
indication or illness severity and these results need to be interpreted with caution.
The association between corticosteroid use and oral clefts is well studied, and the
evidence does not show an increase the incidence of oral clefts associated with
maternal corticosteroid use above that found the general population (1.7 per 1,000
births).36–40 No adverse events have been documented in breastfed infants of mothers
taking systemic corticosteroids. Amounts of corticosteroids in breastmilk are low
and are considered safe if used for short durations while breastfeeding. There is
limited data on dexamethasone during breastfeeding. High-dose corticosteroids may
temporarily decrease milk supply.
In the RECOVERY TRIAL, for pregnant patients, prednisolone (40 mg by mouth
daily) or hydrocortisone (80 mg IV twice daily) were suggested as alternatives to
dexamethasone.35 Prednisolone and hydrocortisone are extensively metabolized by
placental 11 beta hydroxysteroid dehydrogenase type 2 to an inactive metabolite to
protect the fetus from corticosteroid exposure.41 Other short acting corticosteroids
such as methylprednisolone and prednisone share this property of reduced placental
transfer.41 By contrast, fluorinated corticosteroids (dexamethasone and betamethasone)
have the highest rate of placental transfer with minimal mineralocorticoid effects and
are recommended in the antenatal period to induce fetal lung maturity in women at
high risk for preterm birth. Historically, methylprednisolone has been the preferred
corticosteroid for the treatment of ARDS in both non-pregnant and pregnant adults
due to better lung penetration.42–45
Institutional practices vary on the type of corticosteroids administered during
pregnancy in the setting of acute respiratory failure due to COVID-19 for pregnant
patients. Some institutions recommend the following: If currently less than 22 or
greater than 36 weeks gestation: methylprednisolone 32 mg IV x 1 dose, followed
by methylprednisolone 32 mg IV (or prednisone 40 mg orally) daily for days 2-10.
Given the increased risk of preterm birth associated with any critical maternal illness,
if currently 22-36 weeks gestation: dexamethasone 12 mg IV daily (or dexamethasone
6mg IV or IM twice a day)46–48 for 2 days for fetal lung maturation followed by
methylprednisolone 32 mg IV daily (or prednisone 40 mg orally daily) for days 3-10.48
If post-partum (with or without breastfeeding) most recommend dexamethasone 6
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mg orally or IV daily for 10 days or until hospital discharge. Blood glucose, particularly
in the setting of gestational diabetes, should be monitored closely.
Remdesivir
Remdesivir is an antiviral agent that may shorten time to recovery in hospitalized
moderately ill patients with COVID-19 requiring oxygen therapy but not those who
were critically ill.49 Pregnant and breastfeeding patients were excluded from all
5 randomized trials evaluating remdesivir for COVID-19; as such, there is no direct
evidence of efficacy in this population beyond observational studies.50–54
Remdesivir has been evaluated in reproductive toxicology studies using animal models
and no adverse findings were observed with exposures up to 4 times higher than those
achieved in humans with recommended dosing.55 All published reports of clinical use
of remdesivir in pregnancy have included patients in the second or third trimester of
pregnancy, or, in some cases, the timing of exposure was not described. As such, the
risks of exposure at conception (or in early pregnancy) on major malformations or
spontaneous abortions are unknown.
In the largest report of remdesivir in pregnancy (n=156), using data from Gilead’s
global safety database, there were 33 live births, 13 adverse pregnancy outcomes
(7 spontaneous abortions, 2 induced abortions, and 4 still births), and 110 unknown
outcomes.56 Of the 13 cases with adverse pregnancy outcomes, 9 were reported in
patients treated with remdesivir for Ebola virus infection and 4 received remdesivir
for COVID-19. All patients that experienced adverse pregnancy outcomes (n=4) were
critically ill and required invasive mechanical ventilation within 24 hours of starting
remdesivir. Five infants with congenital abnormalities were identified, but remdesivir
exposure occurred after the first trimester in all cases. Additional cohort studies, case
series, and reports of remdesivir in pregnancy have not raised new safety concerns
but lack appropriate comparator groups to properly assess relevant maternal and
neonatal outcomes.32,57–65 Increases in transaminases have been described in both
pregnant and non-pregnant individuals treated with remdesivir.57,61,65,66 Liver enzyme
abnormalities might be related to remdesivir, COVID-19, other pregnancy-related
(e.g., preeclampsia), or unrelated causes.
There are no data describing remdesivir pharmacokinetics in pregnancy. However,
simulation studies suggest pregnancy-related increases in glomerular filtration rate and
renal tubular secretion may increase elimination of active metabolites.67 Additionally,
changes in plasma protein concentrations due to drug displacement from protein
binding sites and volume expansion may alter unbound concentrations of remdesivir
and its metabolites.67 For these reasons, pregnant people may require higher doses than
non-pregnant populations. Moreover, remdesivir is rapidly hydrolyzed to a nucleoside
monophosphate analogue and requires several additional steps of metabolism to
generate the active intracellular nucleotide triphosphate analogue.66 This suggests
that remdesivir itself is unlikely to transfer across the placenta in clinically important
amounts, but characteristics of major circulating metabolites (e.g., long half-life, low
molecular weight, high unbound fraction) suggest that they may.
There is no data on the use of remdesivir in breastfeeding individuals. Remdesivir has
poor oral bioavailability; therefore, infants are unlikely to absorb clinically important
amounts from breastmilk.68 Furthermore, no adverse effects were documented in a
small number of infants who were treated with remdesivir for Ebola virus infection
or COVID-19.69,70
Tocilizumab
Tocilizumab has been shown to reduce the composite endpoint of mechanical
ventilation and mortality in critically ill patients with COVID-19 acute respiratory
Science Briefs | www.covid19-sciencetable.ca/science-briefs

September 13, 2021 | 11

Ontario COVID-19 Science Advisory Table

The Incidence, Severity, and Management of COVID-19 In Critically Ill Pregnant Individuals

failure and moderately ill patients with disease progression.71–80 Of the 9 randomized
controlled trials that evaluated tocilizumab for COVID-19, only the RECOVERY trial
enrolled pregnant individuals (n=10, 0.2% of subjects).72,78 Specific maternal and
neonatal outcomes were not reported for this sub-group.
Monoclonal antibodies are actively transported across the placenta, facilitated
by the binding of the Fc portion to receptors on the placenta.81 During the first
trimester, Fc receptors are barely expressed and antibody levels in the fetus are low.
Fetal tocilizumab exposure is therefore likely negligible during the critical period of
organogenesis. Antibody transport increases during pregnancy and is highest in the
third trimester.81 Pre-clinical reproductive toxicology studies in monkeys show no
evidence of teratogenicity with the administration of tocilizumab in the first trimester.82
However, there were dose-related increases in the incidence of abortion or embryofetal death at higher exposures. Additionally, in mice experiments, offspring of dams
treated with tocilizumab showed signs of mild immunosuppression.82
Of the pregnant individuals treated with tocilizumab and followed prospectively
in the Roche Global Safety database (n=180) there was no increase in congenital
malformations compared to the baseline rates in the general population (tocilizumab:
4.5%; population: 3.0 to 6.6%).83 These data are consistent with the most recent
EULAR report (n=218) which detected 3.9% congenital malformations.84 Spontaneous
abortions were higher than in the general population (15-20%) in both the Global
Database (21.7%) and the EULAR report (21.6%). However, concomitant methotrexate,
which was prescribed to approximately 20% of patients and is a known teratogen,
may have impacted these outcomes.83–85
There have been 3 reports of tocilizumab use in pregnant people with COVID-19.62,86,87
Tocilizumab administration often occurred in the third trimester, many patients
were critically ill, and corticosteroids were given to a minority of patients. In the
largest series from Spain (n=12), all pregnancies resulted in live births, but most had
limited neonatal follow-up.86 There was one case of maternal cytomegalovirus (CMV)
reactivation and congenital CMV infection.86
The pharmacokinetics of tocilizumab have not been characterized in pregnancy.
However, based on what is known about monoclonal antibody pharmacokinetics and
changes associated with pregnancy, several reasonable predictions can be made.88,89
First, due to their large size and hydrophilicity, monoclonal antibodies are almost
exclusively confined to the blood plasma and extracellular fluid. The increase in blood
volume associated with pregnancy (approximately 40%) may reduce tocilizumab
concentrations, necessitating larger doses. Second, monoclonal antibodies are
primarily eliminated by intracellular degradation after target binding and to a lesser
degree by proteolytic catabolism. The former is related to target expression levels (e.g.,
IL-6R expression) which is approximately 40% higher in pregnant people compared to
non-pregnant people,90 suggesting that tocilizumab may be eliminated more rapidly in
pregnancy, necessitating a larger initial dose or a second administration
Maternal IgG1 does not transfer well into breastmilk, although concentrations are
higher in the colostrum from mothers of preterm infants.91,92 Furthermore, IgG oral
bioavailability is low due to degradation in the infant digestive tract. In keeping with
these general properties of IgG, tocilizumab is excreted into breastmilk reaching peak
levels 3 to 5 days after dosing, but only small amounts are detected (breastmilk-toserum ratios less than 0.0015).93–95 No adverse effects were observed in reports of
breastfed infants whose mothers were treated with tocilizumab.93–95
Venous Thromboembolism Prophylaxis
In general, pregnant women are at higher risk of venous thromboembolism
(VTE).96 SARS-CoV-2 infection itself heightens the risk of VTE, especially pulmonary
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embolism. Hospitalized pregnant antenatal and postpartum patients with severe
COVID-19 should receive appropriate VTE prophylaxis. Any VTE prophylaxis strategy in
critically ill pregnant patients should consider the mode of delivery, whether delivery
is imminent, and whether spinal or epidural anaesthesia is required.98 Therapeutic
anticoagulation was evaluated across critically ill patients with COVID-19 and was
not associated with a reduced need for organ support. Furthermore, it was found to
increase bleeding events compared to prophylactic dose anticoagulation.99
97

Vaccines in Pregnancy
Given the higher severity of COVID-19 illness in the pregnant population, vaccine
uptake is critical to minimize morbidity and mortality, especially with the emergence
of more transmissible and virulent VOCs.100 Vaccine trials excluded pregnant and
lactating individuals. However the recommendation for COVID-19 vaccination in
this population is supported by observational studies, including immunogenicity,101
vaccine safety,102–104 and vaccine efficacy data.105 Ontario’s Better Outcomes Registry
& Network (BORN) reported preliminary findings for the period of December 14,
2020, to May 31, 2021, showing that, among 4,902 vaccinated pregnant individuals
in Ontario who had already given birth, there was no increased risk for adverse
pregnancy or birth outcomes when compared to unvaccinated pregnant individuals
over the same period.103 Furthermore, in 130,000 pregnant individuals in the United
Stated who have received the COVID-19 vaccine, no increased adverse events were
reported.104 A recent retrospective cohort study of 7,530 pregnant individuals in
Israel found vaccination with the Pfizer-BioNTech mRNA vaccine was associated
with a significantly lower risk of SARS-CoV-2 infection after 28 days with an adjusted
hazard ratio of 0.22 (95% CI 0.11 to 0.43) as compared to 7,530 matched unvaccinated
pregnant individuals.105 This efficacy data is further supported by preliminary reports
from the US and UK demonstrating lower rates of COVID-19 and severe COVID-19
after vaccination in pregnancy.106,107
Despite pregnant individuals in Ontario being designated a priority population for
vaccination in late April 2021, vaccine uptake has been low. As of July 4, 2021, the
I.C.E.S. Ontario COVID-19 dashboard shows that pregnant people have the lowest
vaccine uptake as compared to all other highest-risk groups in Ontario,108 with only
53% of pregnant individuals having received at least one vaccine dose and 27% having
received both vaccine doses. The lower vaccine uptake may be due hesitation to
strongly recommend vaccination prior to published safety data, conflicting messaging,
and uncertainty regarding safety or efficacy data among pregnant individuals. Given
the heighted severity of illness and recent safety and efficacy data of the vaccine,
the Society of Obstetricians and Gynecologists of Canada (SOGC) and the National
Advisory Committee on Immunizations (NACI) state that pregnant individuals should
be offered mRNA vaccination at any time during pregnancy or while breastfeeding,
if no contraindications exist.100,109 The Centres for Disease Control (CDC) in the US
has recently changed their guidance to explicitly recommend vaccination among
pregnant and breastfeeding individuals.110 Informed consent should include discussion
surrounding reassuring evidence on the safety and efficacy of mRNA COVID-19 vaccines
in these populations as well as the risk of morbidity among pregnant individuals if
unvaccinated considering VOCs.
Tailored messaging to the pregnant population is critical to increase vaccine confidence
and uptake. Decision making support tools are available through the Ontario Ministry
of Health (MOH) and these shared decision-making frameworks have been shown to
be helpful when counselling patients.111,112
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Interpretation

Based on available evidence, pregnant individuals appear to have the same incidence
of infection with SARS-CoV-2 compared to non-pregnant females of the same age,
but may be more likely to have asymptomatic infection. Pregnant individuals with
COVID-19 are more likely to be admitted to hospital compared to age and sex matched
patients with COVID-19, and also have higher rates of admission to the ICU, and
greater utilization of invasive mechanical ventilation and ECMO.
This increased illness severity is potentially related to physiologic, anatomic, and
immunologic changes during pregnancy. This mirrors other respiratory illnesses seen
in previous pandemics. Compared to pregnant individuals without COVID-19, there
was a higher incidence of maternal mortality, Cesarean delivery, and preterm birth.
Fortunately, there were minimal fetal adverse effects and neonatal acquisition was
reported to be low. For those with severe ARDS, transfer to a specialized centre with
high-risk obstetrics, critical care obstetrical expertise, obstetrical medicine, obstetrical
anaesthesia, and high-level neonatal ICUs should be considered. Telemedicine
consultation can also expand access to specialist expertise if it is not locally available.
Principles of ICU supportive care for severe acute respiratory failure and ARDS
management should be similar to the non-COVID-19 pregnant patient, including
their candidacy for prone positioning and ECMO. In the setting of severe ARDS during
late third trimester pregnancy, prior to considering prone positioning and ECMO,
timing of delivery should be discussed with the obstetrical care provider, taking into
consideration the physiologic impact of the fetus, gestational age of the fetus, severity
of illness of the patient, and the risks of the intervention. Evidence-based medications
for moderate to severe COVID-19 can be used in the pregnant patient after discussing
the risks and/or benefits with the patient or substitute decision maker.
Given the higher severity of illness, predominance of VOCs, maternal morbidity and
mortality associated with COVID-19 infection, and safety and efficacy of COVID-19
vaccines to date, vaccination is an important strategy to minimize morbidity and
mortality in this vulnerable group. There has been low uptake of COVID-19 vaccines
in the pregnant population and all proven strategies decrease hesitancy and increase
uptake should be applied. A previous Science Advisory Table Brief includes strategies
to minimize any barriers or hesitancy that may exist.113
There is limited information on how the emergence of SARS-CoV-2 VOCs have
impacted the incidence, severity, outcomes, and management of pregnant patients
with COVID-19. More data is needed to inform whether the transmission and severity
is heighted in this population compared to the non-pregnant population. An upcoming
CANCOVID report will evaluate the impact of VOCs in pregnancy.
Finally, pregnant individuals were excluded from many randomized trials during the
COVID-19 pandemic — likely contributing to 1) hesitancy in the initiation of life saving
therapies as evidence evolved and 2) uncertainty surrounding the effectiveness of
vaccines. The Ontario Provincial Council for Maternal Child Health recently highlighted
the inequity that exists as a result of the exclusion of pregnant people from clinical
research when they wrote: “Pregnant people deserve equity in access to therapeutic
options that are informed by rigorous scientific data. Systematic exclusion of sick
pregnant people from clinical trials leaves them vulnerable to limitations in access
to off-label or compassionate use of therapeutics, or limits evidence-based care due
to lack of information specific to pregnancy. Safe inclusion in COVID-19 clinical trials
is required to provide pregnant people with equal access to treatments and vaccines
during the pandemic.”114
Research in future pandemics, particularly involving respiratory illnesses, should have
a streamlined approach for rapid consideration of safety and efficacy of therapies
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in the pregnant population. This would ensure pregnant individuals are included
in the evaluation of potentially life-saving therapies. Furthermore, this should be
accompanied by knowledge translation initiatives to minimize hesitancy for enrollment
across care providers.

Methods Used for This Science Brief
The COVID-19 Evidence Synthesis Network performed a research evidence scan for this
Science Brief, published in an Evidence Synthesis Briefing Note. The COVID-19 Evidence
Synthesis Network is comprised of organizations in Ontario’s evidence synthesis and
knowledge translation community who collectively provide high-quality, relevant, and
timely synthesized research evidence about COVID-19. The Methods for the evidence
scan can be found in the methods section of the Briefing Note. The evidence scan was
last updated on May 6, 2021.115 An updated literature review was conducted on July 5,
2021, by the first author to identify any additional relevant articles.
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