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Introduction
Pregnant women appear no more or less likely 
to contract SARS-CoV-2 infection than the 
background population. However, as with other 
viral illnesses, including influenza and varicella, 
the risk of developing severe disease is increased 
in pregnant patients compared with their non-
pregnant counterparts, particularly if they contract 
the infection in the third trimester of pregnancy.1 2 
SARS-CoV-2 infection in pregnancy is associated 
with a higher risk of morbidity and mortality for 
both mother and fetus compared with pregnant 
women without infection.1 3 4 The chance of 
developing severe disease that requires respiratory 
support, admission to an intensive care unit, and 
invasive ventilation are increased compared with 
those who are infected and not pregnant.5 These 
increased risks in pregnancy have become more 
marked with successive variants of SARS-CoV-2 
and are highest for the delta variant2 4 (although 
data are still emerging on the impact of the omicron 
variant). Vaccination rates remain low among many 
populations of pregnant women, and ensuring that 
pregnant women with covid-19 receive timely and 
evidence based care will continue to be important 
for the foreseeable future.

Diagnosis and management of covid-19 in 
pregnancy is, for the most part, the same as 
in non-pregnant patients. However, important 
investigations such as chest radiographs and 
lung computed tomography (CT) are frequently 
withheld on account of pregnancy status, because 
of unsubstantiated concerns regarding fetal 
safety. Similarly, despite improvements allowing 
pregnant women to be recruited into important 
trials exploring effective therapies for covid-19, 
and a sound evidence base for treatments such 
as corticosteroids and IL-6 inhibitors,6 7 pregnant 
women are not being offered these therapies as 
is routine in non-pregnant patients.2 Unfounded 
concerns for the fetus contribute to therapeutic 
inertia, such that potentially lifesaving therapies are 
denied to pregnant women. Special consideration 
is required when managing pregnant women who 
are severely ill with covid-19 and have developed 
covid-19 acute respiratory distress syndrome. This 
includes women who require respiratory support 
with oxygen, non-invasive ventilation, ventilation 
in a prone position (either awake or during invasive 
ventilation), intubation and ventilation, and 
extracorporeal membrane oxygenation (ECMO). 
Pregnancy is not a contraindication for any of these 
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these supportive therapies, and the criteria for providing them are the same as in 
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supportive therapies, and criteria for delivering these 
treatments and therapeutic targets are the same as 
for the general population and should be respected 
to avoid unnecessary morbidity and mortality.

This review is an in depth reference guide for all 
clinicians and allied healthcare professionals who 
treat pregnant women with covid-19. It may be 
particularly useful for those who work in emergency 
medicine, general medicine, anesthetics, and 
intensive care, who may be less familiar with the 
physiological changes associated with pregnancy 
and less confident in their knowledge of therapeutic 
options available. Treatment must not be withheld 
in pregnancy for fear of causing harm to the fetus, 
since this puts both mother and baby at risk 
from significant morbidity and mortality. This 
comprehensive review of evidence on treatment 
of covid-19 in pregnancy includes therapies 
currently in development or testing and not yet 
in routine use. As treatments for covid-19 rapidly 
evolve, clinicians are advised to refer additionally 
to the most up-to-date guidance from national 
institutions (such as the Society for Maternal Fetal 
Medicine, or the Royal College of Obstetricians and 
Gynaecologists in the UK) when managing covid-19 
in pregnant women.8

Sources and selection criteria
We identified articles and other relevant information 
through a manual search of electronic databases 
PubMed and the Cochrane Library for English 
language articles, published from 1 January 2020 to 
21 December 2021, further updated on 17 January 
2022. We undertook a broad search using Mesh 
terms “COVID-19” and “pregnancy” combined with 
the terms “therapy”, “etiology”, and “prognosis”. 
For specific therapeutic options where we could 
identify no high quality pregnancy specific studies, 
we removed the term “pregnancy” and restricted the 
search on the basis of specific medication classes—
eg, “corticosteroid”, “monoclonal antibody”, 
and “anti-viral”. Searches were augmented by 
information from monographs produced by the UK 
Teratology Information Service following systematic 
literature review and analysis of teratology database 
data available to health professionals in the Toxbase 
database. We supplemented epidemiological data 
from published studies with published data from the 
organizations responsible for national surveillance 
of covid-19 in pregnancy and pregnancy outcomes 
(eg, US Centers for Disease Control and Prevention, 
and UK Confidential Enquiry into Maternal Deaths). 
In view of the continually emerging information, 
we also obtained in-press peer reviewed articles 
from authors, where the data had been publicly 
presented and were therefore known to inform the 
review. We limited the literature used to systematic 
reviews, large randomized controlled trials (RCTs), 
high quality population based observational 
studies which we considered at low risk of bias, and 
guidelines. Where no other literature was identified 
we report case series.

Epidemiology, clinical features, and risk factors for 
severe covid-19
The reported incidence of covid-19 infection in the 
obstetric population varies by geographical region, 
testing period during the pandemic, and method of 
testing. Figures from the US as of 21 March 2022 
indicate that 193 980 pregnant women have had 
covid-19, and 270 of these (1.4 per 1000 with 
infection) have died.9 Sixteen per cent of pregnant 
women with covid-19 (31 211 women) have been 
admitted to hospital.10 A World Health Organization 
living systematic review reported an overall rate 
of SARS-CoV-2 infection of 10% (95% confidence 
interval, CI 7% to 12%) in pregnant and recently 
pregnant women attending or admitted to hospital 
for any reason. However, of the women tested under 
universal screening policies, an incidence of 7% 
(95% CI 5% to 8%) was reported, and this increased 
to 28% (95% CI 15% to 43%) for women tested based 
on symptoms.1

Minority ethnicity has consistently been identified 
as being associated with a higher risk of being 
admitted to hospital with covid-19 in pregnancy. In 
a retrospective cohort study from the US, Hispanic 
and non-Hispanic black pregnant women accounted 
for nearly half of all cases of covid-19, despite 
constituting approximately one third of the study 
population.11 In a prospective study from the UK 
in the initial pandemic wave of infection, pregnant 
women from black or other ethnic minority groups 
accounted for 56% of all admissions12; this decreased 
in later waves.13

Around 9% of pregnant or recently pregnant 
women with covid-19 develop severe infection, 
and 4% require admission to intensive care (odds 
ratio, OR, compared with non-pregnant women of 
reproductive age with covid-19, 2.13, 95% CI 1.53 to 
2.95) and 2% go on to receive invasive ventilation (OR 
2.59, 95% CI 2.28 to 2.94).1 Additionally, pregnant 
women with covid-19 are at an increased risk of 
maternal death (OR 2.85, 95% CI 1.08 to 7.52).2

The World Health Organization living systematic 
review shows that pregnant women are less likely 
to develop symptoms than their non-pregnant 
counterparts,1 although the number of included 
women in that comparison was small. Symptoms, 
for those who develop them, are usually mild, and 
most frequently include cough (41%), fever (40%), 
dyspnea (21%), and myalgia (19%). However, 
the evidence in this systematic review suggests a 
different pattern of symptoms between pregnant 
and non-pregnant women. Pregnant women are less 
likely to exhibit fever (OR 0.49, 95% CI 0.38 to 0.63), 
breathlessness (OR 0.76, 95% CI 0.67 to 0.85), or 
myalgia (OR 0.53, 95% CI 0.36 to 0.78) than non-
pregnant women.1 The differing symptom pattern 
needs to be recognized in clinical protocols used for 
diagnosis or to triage referrals in the community; a 
rapid report on maternal deaths related to covid-19 
from the UK Confidential Enquiries into Maternal 
Deaths highlighted an instance of a pregnant woman 
who died at home from covid pneumonitis after a 
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misdiagnosis of an upper respiratory tract infection 
following a protocol guided telephone consultation.14 
The report indicates that it was unclear whether the 
protocol had taken into account the different pattern 
of symptom presentation in pregnant women. The 
reasons for differing symptoms are not clear, but may 
reflect an overlap of the pathophysiology of covid-19 
with the physiology of pregnancy, a phenomenon 
that has been noted with other types of disease in 
pregnancy.15 16

Severe disease during pregnancy is typically a 
phenomenon of the late second or third trimesters. 
A UK national cohort study of women admitted to 
hospital with symptomatic covid-19 in pregnancy 
showed that most were in the second half of 
pregnancy and more than three quarters were in the 
third trimester.2 Linked data from Scotland show that, 
while infections occur evenly throughout pregnancy, 
7% of first trimester infections were associated with 
hospital admission, compared with 11% in the 
second trimester, and 34% in the third trimester.17 
Risk factors for severe disease are similar to those 
in non-pregnant individuals and include age over 
35, obesity, minority ethnicity, and comorbidities 
including pre-existing lung conditions, hypertension, 
and diabetes.3 10 13 18 The increased risk associated 
with ethnic minority backgrounds has been shown 
in women who are pregnant and those who are not, 
with health inequalities and socioeconomic factors 
proposed as contributing factors. Note, however, 
that ethnic disparities in hospital admission rates 
with covid-19 in pregnancy are not consistently 
reflected in higher risks of severe infection.1 13 Severe 
infection is most consistently associated with older 
maternal age, raised body mass index, and chronic 
hypertension.1 13 19

The patterns of disease in pregnancy appear to have 
changed over the periods in which different SARS-
CoV-2 variants were predominant. Compared with 
periods where wild type SARS-CoV-2 was prevalent, 
a US study reported that pregnant women were 11% 
more likely to have moderate to severe infection if 
infected during an alpha prevalent period, and 9% 
more likely during a delta compared with an alpha 
period. Those admitted in the alpha period were more 
likely than those admitted during a wild type period 
to require respiratory support (27.2% versus 20.3%), 
have pneumonia (27.5% v 19.1%), and be admitted 
to intensive care (11.3% v 7.7%). Women admitted 
during the delta period had further increased risk of 
pneumonia when compared with the alpha period 
(36.8% v 27.5%). As the delta variant predominated, 
both the case volume and proportion of severely or 
critically ill women increased (fig 1).

Similar changes in severity have been reported in 
the UK, Italy, and the Netherlands with changing 
variant type.2 21 22 In the period during which the 
delta variant predominated in the UK, 16% of 
symptomatic pregnant women admitted to hospital 
were admitted to an intensive care unit,2 and one in 
five of all patients receiving ECMO were women who 
were pregnant or post partum.23 The risk of severe 

disease among unvaccinated women during the 
omicron period was comparable with that observed 
during the wild type period.24

Clinical investigation and diagnosis
As with all medical problems in pregnancy, priority 
should be given to confirming a diagnosis and 
stabilizing the woman’s condition with standard 
investigations and therapies and not withholding 
these inappropriately owing to fetal concerns. 
Clinicians must recognize that reference ranges for 
relevant investigations are different in pregnancy 
(table 1). Reviews of maternal deaths from covid-19 
have highlighted several instances where the 
severity of women’s illness has not been recognized 
owing to a lack of understanding of relevant 
reference ranges in pregnancy, in particular that 
respiratory rate and oxygen saturations do not 
change in pregnancy.26 27

Pregnant women with suspected covid-19 
should not be denied imaging in the form of chest 
radiography, ventilation/perfusion (V/Q) scan, or 
computed tomography pulmonary angiography 
(CTPA) where indicated. Fetal radiation and maternal 
breast radiation doses are described in table 2. 
Women can be reassured that a transatlantic flight is 
associated with radiation exposure one to six times 
that of a chest radiograph.29 Chest radiography and 
CTPA changes in pregnant women with covid-19 
are similar to those in non-pregnant individuals, 
usually showing bilateral consolidation, and 
sometimes accompanied by pneumothoraxes or 
pneumomediastinum (figs 2, 3).

Management
Rapid advances have been made in the development 
of evidence based therapies for managing covid-19, 
most of which are acceptable to use in pregnancy 
when considered on a benefit-to-risk assessment. 
However, data have shown that only around a 
quarter of pregnant women who would benefit from 
such therapies receive them, even when admitted to 
an intensive care unit.2 30 Management in pregnancy 
must reflect, as closely as possible, management 
outside pregnancy. When clinicians are uncertain 
about the use of treatments in pregnancy, they should 
seek urgent advice—eg, via obstetric physicians or 
expert obstetricians, to minimize maternal morbidity 
and mortality. The Royal College of Obstetricians 
and Gynaecologists in the UK has maintained a 
frequently updated guideline on managing covid-19 
in pregnancy.8 The American College of Obstetricians 
and Gynecologists offers practice advisory guidance 
and an algorithm on “outpatient assessment and 
management for pregnant women with suspected or 
confirmed novel coronavirus (covid-19).” 31

An approach to clinical management of covid-19 
in women who are pregnant or up to six weeks 
post partum is outlined in figure 4. Input from a 
multidisciplinary team is essential, with prompt 
escalation involving senior decision makers if a 
patient’s condition deteriorates.
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Pharmacological management
Corticosteroids
A Cochrane review of the use of systemic 
corticosteroids for patients admitted to hospital 
with covid-19 included nine RCTs and concluded 
that moderate certainty evidence showed that 
administration reduced all cause mortality 
(risk ratio, RR, 0.89, 95% CI 0.80 to 1.00; 7930 
participants).34 The largest of the included trials, 
RECOVERY, showed that low dose dexamethasone 
reduced mortality by one fifth in patients with 
covid-19 receiving oxygen, and by one third in 
those requiring mechanical ventilation.6 However, 
dexamethasone readily crosses the placenta, and 
repeated doses in pregnancy have been associated 
with neurocognitive and neurosensory disorders in 
childhood.35 Pregnant women who were recruited 
into the RECOVERY trial were therefore given either 
oral prednisolone or intravenous hydrocortisone, 
both of which (in contrast to dexamethasone) 
are non-fluorinated glucocorticoids which are 
therefore extensively metabolized by placental 
enzymes, crossing the placenta in small amounts 
only36 37 (fig 5). A similar pattern of conversion 
is seen with methylprednisolone.38 Evidence 
does not suggest any harm from non-fluorinated 
corticosteroid use in pregnancy.39 The Cochrane 
review included seven small trials that investigated 
either methylprednisolone or hydrocortisone; 
the estimated relative risk reduction in mortality 
was of similar magnitude to that seen in the 
trials of dexamethasone, although did not reach 
statistical significance.34 Nevertheless, this provides 
supportive evidence for the benefit of other steroids 
for pregnant women with covid-19 as an alternative 
to dexamethasone. The most appropriate choices of 
corticosteroids for treatment of maternal covid-19 in 
pregnancy therefore include oral prednisolone 40 mg 

once daily or intravenous hydrocortisone 80 mg twice 
daily. Oral methylprednisolone 32 mg once daily 
or an intravenous dose of 1 mg/kg twice daily may 
also be considered, particularly if the patient is in an 
intensive care unit (ICU) setting.8 Recommendations 
on corticosteroid regimens vary by geographical 
location, however, because RCT evidence explicitly 
in the pregnant population with covid-19 is lacking. 
These are recommended corticosteroid regimens, but 
decisions should be made on an individual basis.

The use of dexamethasone and betamethasone 
(both fluorinated glucocorticoids) should be reserved 
for fetal lung maturity only.40 In such cases, on the day 
of administration, the corticosteroids used for maternal 
disease should be omitted. Outside the ICU setting, 
corticosteroid therapy should be given for 10 days 
or up until hospital discharge, whichever is sooner.8 
For patients admitted to ICU, decisions about steroid 
duration should be made on an individualized basis. 
Clinicians should consider prescribing a proton pump 
inhibitor to women given steroids to prevent gastric 
irritation; these can be given safely in pregnancy. 
Corticosteroids and concurrent illness affect glucose 
metabolism and may cause hyperglycemia, leading 
to gestational diabetes. Capillary blood glucose levels 
should be monitored and sustained high glucose 
levels treated accordingly.41

Prospective controlled studies suggest that 
non-fluorinated corticosteroids are not harmful 
in pregnancy.42 The risks of fetal malformation, 
pregnancy loss, or intrauterine death are not 
increased in women using corticosteroids during 
pregnancy.39 Studies showing increased rates of 
fetal growth restriction, preterm premature rupture 
of the membranes, preterm birth, and pre-eclampsia 
are likely to be confounded by underlying health 
conditions for which corticosteroids have been 
prescribed.43
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Fig 1 | Proportion of pregnant patients with severe to critical illness increased as the delta variant of SARS-CoV-2 predominated (shown in blue). 
Graph adapted from20
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Interleukin-6 receptor antagonists
A systematic review of the use of interlukin-6 
receptor (anti-IL6) antagonists for patients admitted 
to hospital with covid-19 concluded that evidence 
of high certainty suggests tocilizumab reduces all 

cause mortality at day 28 compared with standard 
care alone or placebo (RR 0.89, 95% CI 0.82 to 
0.97; 8 RCTs, 6363 participants).44 Evidence was 
insufficient, however, to be certain about sarilumab, 
although the reviewers noted that the magnitude 
of the estimate of relative mortality reduction was 
similar to that observed in tocilizumab trials.

Tocilizumab was shown in the RECOVERY trial to 
improve survival in patients admitted to hospital with 
covid-19 who had hypoxia (oxygen saturation <92% 
on air or requiring oxygen therapy) and evidence of 
systemic inflammation (C reactive protein ≥75 mg/L). 
The benefits were seen regardless of the degree 
of respiratory support and were in addition to the 
benefits of corticosteroids.6

Limited data are available to support the safety of 
tocilizumab in pregnancy. Data consist of uncontrolled 
case reports or series, which together describe 
approximately 600 exposed pregnancies.45 Although 
adverse outcomes in pregnancy have been described 
(including cases of congenital anomaly, pregnancy 
loss, and preterm deliveries), the crude rates of these 
events do not generally appear notably increased above 
the background rate. Published reports of tocilizumab 
use outside covid-19 largely include exposure in 
the first trimester, when transplacental transfer is 
expected to be negligible; in these patients congenital 
malformation rates are comparable with background 
rates. In the limited data for the use of tocilizumab in 
pregnant patients with covid-19, administration is 
most frequently in the third trimester and in all cases 
reported to date, the pregnancies have resulted in live 
births.46 Tocilizumab is excreted in very low levels in 
breast milk and is not considered a contraindication 
to breastfeeding.47

Sarilumab, a similarly acting IL-6 receptor 
monoclonal antagonist, can be substituted if 
tocilizumab is unavailable.48 Use of IL-6 receptor 
antagonists is reserved for those who have moderate 
to severe covid-19; therefore, the benefits of giving 
treatment are likely to outweigh any theoretical 
risk to the fetus. Currently, risks to the fetus are 
unknown, but not thought to be significant given the 
mechanism of action of the medication, animal data, 
and limited but reassuring data on pregnancy safety 
when using tocilizumab. No evidence suggests that 
sarilumab is harmful.

Recommendations are that neonates exposed in 
utero to biologic drugs that modify immunity (eg, 
TNF-α inhibitors and IL-6 receptor blockers) have 
live vaccination no sooner than six months following 
birth. This includes vaccinations for rotavirus 
and Bacillus Calmette-Guérin (BCG) vaccinations. 
The recommendation followed a reported fatal 
case of disseminated tuberculosis following BCG 
vaccination in a neonate born to a woman who was 
taking infliximab during pregnancy.49 Monoclonal 
antibodies specifically targeting viral proteins 
(such as the neutralizing monoclonal antibodies 
sotrovimab and ronapreve) do not modify human 
immunity and therefore live vaccines can be given to 
these neonates.

Table 1 | Reference ranges of relevant investigations in non-pregnant and pregnant 
populations25

Non-pregnant Pregnant
1st trimester 2nd trimester 3rd trimester

Observations
Heart rate (beats/min) 60-100 63-105 68-115 65-114
Blood pressure (mm Hg) 120/80 95-138/56-87 95-136/55-86 102-144/62-96
Respiratory rate (breaths/min) 12-16 Unchanged throughout pregnancy
Saturations (%) >94 Unchanged throughout pregnancy
Temperature (°C) 36.5-37.5 Unchanged throughout pregnancy
Blood tests
Full blood count
Hemoglobin (g/L) 120-150 110-140 105-140
White cell count × 109/L 4-11 6-16
Platelets × 109/L 150-400 150-400
Mean corpuscular volume (fL) 80-100 80-100
Lymphocytes × 109/L 0.7-4.6 1.1-3.6 0.9-3.9 1-3.6
Urea and electrolytes
Urea (mmol/L) 2.5-7.5 2.8-4.2 2.5-4.1 2.4-3.8
Creatinine (umol/L) 65-101 52-76 44-72 55-77
Potassium (mmol/L) 3.5-5.0 3.3-4.1
Sodium (mmol/L) 135-145 130-140
Liver function tests
Bilirubin (μmol/L) 0-17 4-16 3-13 3-14
Albumin (g/L) 35-46 28-37
Aspartate aminotransferase 
(IU/L)

7-40 10-28 11-29 11-30

Alanine aminotransferase (IU/L) 0-40 6-32
Gamma glutamyl transferase 
(IU/L)

11-50 5-37 5-43 3-41

Alkaline phosphatase (IU/L) 30-130 32-100 43-135 133-418
Inflammatory markers
C reactive protein (mg/L) <10 Unchanged throughout pregnancy
Procalcitonin (ng/L) <0.05 Unchanged throughout pregnancy
Erythrocyte sedimentation rate 
(mm in 1st h)

0-20 18-48 30-70

Other
D dimer (ug/mL) 0.22-0.46 Not recommended for use in pregnancy*
Troponin T (ng/L) <14 Unchanged throughout pregnancy
Creatine kinase (U/L) 25-200 Unchanged throughout pregnancy
Arterial blood gas Expect a mild compensated respiratory alkalosis in pregnancy
Non-radiological investigations
Peak expiratory flow rate Unchanged in pregnancy
Electrocardiogram Sinus tachycardia; 15° axis deviation; commonly 

T wave inversion in lead III and aVF; non-specific 
ST changes

*D dimer alone is unreliable as a rule-out test for pulmonary embolism in pregnancy, but will be markedly raised 
in hyperinflammation associated with covid-19 infection (just as in the non-pregnant population) so may be 
useful in this context.

Table 2 | Safety of commonly used radiological imaging28

Imaging modality

Fetal radiation 
dose (threshold 
for fetal harm= 
50 mGy)

Increase in risk of fatal 
childhood cancer 
(1 mGy increases the 
risk of fatal childhood 
cancer up to the age of 
15 years by 0.006%)

Radiation 
to mother’s 
breasts

Increase in lifetime 
risk of breast 
cancer (10 mGy 
increases the 
lifetime risk of 
developing breast 
cancer by 13.6%)

Chest radiograph 0.0005-0.01 mGy 0.000003%-0.00006% 0.04 mGy 0.05%
CT pulmonary 
angiography

0.1 mGy 0.0006% 3 mGy 4.1%

Ventilation/
perfusion scan

0.32-0.74 mGy 0.002%-0.004% 0.22-0.28 mGy 0.3%-0.4%
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Women given tocilizumab or sarilumab should 
be informed that they may be more susceptible to 
infection for up to six months following treatment.50 
If they feel unwell they should seek medical attention 
early and make their healthcare provider aware of 
the increased risk of infection.

Neutralizing monoclonal antibodies
Several SARS-CoV-2 neutralizing monoclonal 
antibodies have been developed or are in 
development. A Cochrane review published in 
September 2021 identified six completed and 
31 ongoing studies. Small studies of patients not 
admitted to hospital evaluated bamlanivimab, 
sotrovimab, regdanvimab, and combinations 
of bamlanivimab/etesevimab, and casirivimab/
imdevimab. Certainty of the evidence of impact on 
all outcomes examined was low because of too few 
events. Bamlanivimab and casirivimab/imdevimab 
were evaluated in patients admitted to hospital, 
with robust evidence available only for casirivimab/
imdevimab. These monoclonal antibodies, directed 
toward the SARS-CoV-2 spike protein, were shown in 
the RECOVERY trial to be beneficial,51 in particular 
to patients who have not developed innate immunity 
to covid-19 (ie, do not have natural SARS-CoV-2 
antibodies), with a reduction in 28 day mortality 
(RR 0.80; 95% CI 0.70 to 0.91; 3153 seronegative 
patients).51 The trial included pregnant participants.

Data on safety for monoclonal antibodies 
in pregnancy are lacking; however, since the 
monoclonal antibodies are uniquely directed toward 
viral proteins, interference with fetal development 
is unlikely. Furthermore, other types of monoclonal 
antibody are commonly given in pregnancy 
(examples include anti D) with no adverse effects on 
the developing fetus. Reporting of the pregnancy to a 
teratology information service or national registry is 
encouraged so that safety data can be acquired.

Fig 3 | CTPA showing widespread consolidation within both lungs with surrounding ground glass opacification, moderately sized right sided 
pneumothorax, small volume left sided pneumothorax in a patient with covid-19

Fig 2 | Bilateral airspace opacities in a pregnant patient with covid-19 pneumonitis
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In such cases consider:

� Delivery (to improve ventilation/respiratory requirements)

� Proning

� Transfer to ICU for ventilation and monitoring

� Transfer to an ECMO unit

Yes No

Severity of disease

Can be managed in the community Admission to hospital required with appropriate isolation

Initial assessment, does the patient fit the following criteria?
SpO

2
 ≥94% and RR ≤20 breath/min or clinical concern

VTE prophylaxis

Clinical management

Prompt escalation of care is imperative in the deteriorating patient

� Oxygen: maintain saturations >94%

� Aspirin: withhold for the duration of infection

� Fluid balance: aim neutral fluid balance

� Corticosteroids: for women on oxygen for 10 days
      a) oral prednisolone 40 mg once daily; or
      b) IV hydrocortisone 80 mg twice daily; or
      c) Consider IV methyl prednisolone if severely unwell/on ICU

� If steroids needed for fetal lung maturation, give these according to local policy
  then continue with steroids (a), (b) or (c) as above for remaining 10 days.

� IL-6 receptor antagonist: tocilizumab or sarilumab in women with CRP > 75 or admitted to ICU 

� Neutralizing monoclonal antibodies: consider in women who are hospitalized with 
    symptomatic infection who do not have SARS-CoV-2 antibodies.
Follow local policies regarding criteria for use. 

Appropriate dosing regimen ofLMWH should be discussed
with the multidisciplinary team, including a senior

obstetrician and obstetric medicine or hematology team

Advise to stay well hydrated and mobile
Give safety net advice

Consider neutralizing monoclonal antibodies in
high risk women (eg, immunosuppressed), as

per national/local guidelines

Complete VTE risk assessment in line with
national/local guidelines (eg, RCOG, ACOG)
Thromboprophylaxis should be given if indicated.
NB: 

� covid-19 = transient risk factor 
  “current systemic infection”

�Those who are “immobile, deyhdrated” also 
 score an additional transient risk factor point

Therapies NOT routinely recommended for
acute management of covid-19 in pregnancy:

� Remdesivir

� Ivermectin

� Molnupiravir

� Azithromycin

� Hydroxycholoroquine

� Lopinavir/ritonavir

Assessment
Is the patient: 

<28 weeks’ gestation with a score ≥4
OR

≥28 weeks’ gestation with a score of ≥3
OR

post partum with a score of ≥2

YesNo

Prophylactic
LMWH 

not required
at present

Offer prophylactic
LMWH in line with
risk assessment

tool

Mild disease
Patients not requiring oxygen

and no evidence of
covid-19 pneumonia

Moderate disease
Patients with covid-19

pneumonia who
need oxygen

Severe disease
Patients with covid-19

pneumonia requiring mechanical
ventilation or CPAP

Require prophylactic dose 
LMWH during admission and

10 days post discharge
(longer duration should be 

considered if persistent 
morbidity/limited mobility 

suspected)

Fig 4 | Approach to clinical management of covid-19 in women who are pregnant or up to six weeks post partum. This figure is based on guidance 
produced by the Royal College of Obstetricians and Gynaecologists (RCOG)8 and incorporates the RCOG VTE Prevention Green Top Guideline32 
and Interim Clinical Commissioning Policy: Antivirals or neutralizing monoclonal antibodies in the treatment of COVID-19 in hospitalised patients 
(Version 5).33ACOG=American College of Obstetricians and Gynecologists; CPAP=continuous positive airway pressure; ECMO=extracorporeal 
membrane oxygenation; LMWH=low molecular weight heparin; RR=respiratory rate; VTE= venous thromboembolism
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Casirivimab/imdevimab should therefore be 
considered in women who are admitted to hospital 
with symptomatic covid-19 and who do not have SARS-
CoV-2 antibodies. The use of casirivimab/imdevimab 
to treat covid-19 in seronegative pregnant women in 
hospital, however, must take account of the prevalent 
SARS-CoV-2 variant, as recent studies have shown that 
both these and some other monoclonal antibodies do 
not retain activity against the omicron variant.52-55

Sotrovimab, which has been shown to reduce 
progression to hospital admission or death in 
patients with mild to moderate covid-19,56 has 
retained activity against the omicron variant,54 and 
may therefore be considered for pregnant patients 
at risk of progression to severe disease. Its efficacy 
to improve outcomes among patients admitted to 
hospital, however, has not yet been established, and 
further trials are in progress.57 No data are available 
for the use of sotrovimab in pregnancy. However, in 
a cross reactive binding assay, no off-target binding 
was detected using a protein array enriched for 
human embryo-fetal proteins. Being a human 
immunoglobulin G, sotrovimab has the potential for 
placental transfer, but where the expected benefit to 
the mother justifies this theoretical risk, it may be 
used in pregnancy.58

Antivirals
Numerous antiviral medications have been proposed 
and tried for the treatment of covid-19. Lopinavir/
ritonavir and interferon β have been shown not to 
be of benefit, and their routine use is not advised. 
In November 2020 the World Health Organization 
issued a conditional recommendation against the 
use of remdesivir for the management of acute 
covid-19 infection because of lack of evidence of 
efficacy. Limited data exist for pregnancy safety, 
and remdesivir is not routinely recommended in 
pregnancy.

Other, new antiviral agents that have been 
developed since the beginning of the pandemic 
are showing promising results. Molnupiravir is 
an antiviral prodrug that inhibits viral replication 
through the active metabolite being incorporated 
into the viral RNA, resulting in an accumulation of 
errors in the viral genome. In the UK, it is licensed as 
a five day course for the treatment of mild to moderate 
covid-19 in adults with a positive diagnostic test result 
for SARS-COV-2, who have at least one risk factor for 
developing severe illness. However, concerns have 
been expressed about the safety of molnupiravir in 
pregnancy. Preclinical data on animal reproductive 
toxicity are conflicting, with high maternal doses 

Placenta

Umbilical
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cord
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Maternal
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Maternal sinusoid
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Fig 5 | Corticosteroids prednisolone, hydrocortisone, and methylprednisolone are non-fluorinated glucocorticoids and thus converted by 
11β-hydroxysteroid dehydrogenase 2 (11β-HSD2) into inactive metabolites in the syncytiotrophoblasts of the placental villi. Only small amounts 
of the active metabolite are able to pass the placenta into the fetal circulation, making these the corticosteroids of choice for treatment of maternal 
covid-19 disease. Dexamethasone and betamethasone, fluorinated glucocorticoids, are less extensively metabolized by 11β-HSD2 and thus cross 
the placenta more readily, making them the appropriate corticosteroids of choice for fetal lung maturation. GCs=glucocorticoids
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administered in rat models showing possible 
teratogenic effects, but no evidence of similar effects 
observed in rabbit models.59 No human data exist 
regarding the safety of molnupiravir in pregnancy. 
Given the mechanism of action and animal data, 
molnupiravir is not currently recommended for use in 
pregnancy. Reporting a pregnancy to a reproductive 
toxicology registry60 is encouraged if pregnant 
women are inadvertently given molnupiravir, so that 
safety data can be acquired.

Paxlovid (nirmatrelvir/ritonavir) is licensed for the 
treatment of covid-19 in adults who do not require 
supplemental oxygen, but who are at increased risk 
of developing severe illness.61 Nirmatrelvir works 
through inhibition of the coronavirus 3C-like (3CL) 
protease, thereby preventing viral replication. Co-
administration with ritonavir (a protease inhibitor 
commonly used for treating HIV) is necessary to inhibit 
the CYP3A mediated metabolism of nirmatrelvir. 
Ritonavir does not have pharmacodynamic activity 
against SARS-CoV-2 3CL protease. Paxlovid has 
been shown to significantly reduce admission to 
hospital and mortality when given in the first three 
days from symptom onset in a selected, high risk, 
non-pregnant population. Whether this translates 
into benefit in pregnant women is the subject of 
ongoing studies (including RECOVERY). Although 
no pregnancy safety data exist relating to its use in 
human pregnancy, animal toxicology studies have 
not identified adverse effects on fetal morphology 
or embryo-fetal viability in rat or rabbit models 
with doses of nirmatrelvir up to 12 times the human 
equivalent dose. In the offspring of pregnant rabbits 
administered 24 times the equivalent human dose, 
lower fetal body weights were observed, but evidence 
of maternal toxicity was also described with an 
impact on maternal weight gain/food consumption, 
which may explain the fetal effects. Ritonavir has 
an established safety profile relating to its use in 
treating HIV in pregnancy, with no particular safety 
concerns.62 Paxlovid has the potential to interact 
with other medications, through liver enzyme CYP3A 
inhibition. Clinicians are advised to check the 
product characteristics documentation carefully for 
potential drug interactions when other medications 
are co-administered. At the time of writing, the role of 
paxlovid in treating pregnant women with covid-19 
is yet to be fully established; however, despite the 
lack of human pregnancy safety data for paxlovid, 
in specific circumstances, where the benefits of 
use during pregnancy could outweigh the risks, its 
use might be acceptable. Such circumstances may 
include use in women at high risk of developing 
severe disease (owing to non-vaccination status or 
clinical vulnerabilities), or in women experiencing 
severe symptoms of covid-19 where other more 
established treatments have failed.

Preventing venous thromboembolism
Pregnant women and those in the postpartum 
period who have intercurrent illness are at increased 
risk of venous thromboembolism (VTE). Thus, all 

women presenting with covid-19 should be advised 
to stay hydrated, mobile, and should undergo risk 
assessment for VTE (fig 4). All pregnant women 
admitted to hospital with covid-19 should be given 
thromboprophylaxis, unless contraindicated, during 
their inpatient admission. Although a randomized 
controlled trial suggested a beneficial effect for 
therapeutic versus prophylactic heparin in non-
critically ill patients with covid-19, no benefit was 
seen in critically ill patients, 63 64 and no pregnant 
women were enrolled in the trial. Current UK 
practice does not recommend therapeutic doses of 
low molecular weight heparin (LMWH) in covid-19, 
except in those with suspected or proven VTE.

A discussion with the multidisciplinary team 
should take place for women in whom imminent 
delivery is anticipated, so that the dose of LMWH 
can be timed appropriately to allow for regional 
anesthesia, which ideally requires prophylactic dose 
LMWH to be withheld for 12 hours and therapeutic 
dose LMWH for 24 hours beforehand.

Maternal critical care
The threshold should be low for referring pregnant 
women with moderate or severe covid-19 to critical 
care support. Pregnant women are typically able 
to compensate for prolonged periods before their 
condition rapidly deteriorates. Vigilance should be 
paid to subtle changes in deterioration, with prompt 
escalation to senior clinicians (ideally an obstetric 
physician, obstetrician, or obstetric anesthetist and 
intensivist with expertise in the care of pregnant 
women with medical problems) for those showing 
signs of deterioration. Intensive care management 
of pregnant women largely mirrors that outside 
pregnancy. Clinicians should seek to establish 
breastfeeding preferences for women who may 
undergo sedation for invasive ventilatory support, 
so that in this circumstance breastfeeding can be 
supported until the patient is awake.

Respiratory support
Most of the basic respiratory support principles 
utilized in the non-pregnant population apply 
equally to pregnant women. The initial intervention 
for hypoxemic pregnant patients with covid-19 is the 
administration of oxygen therapy, usually with nasal 
cannula or a face mask. Supplemental oxygen should 
be titrated to achieve an oxygen saturation of 94-98%. 
Although some lower thresholds are recommended, 
no evidence supports this practice. Oxygen therapy 
can be escalated with various devices, dependent 
on local resources, including venturi masks, non-
rebreather masks, high flow nasal cannula, and non-
invasive positive airway pressure (eg, continuous 
positive airway pressure, CPAP, or non-invasive 
ventilation, NIV, which includes the setting of an 
inspiratory pressure support in addition to the CPAP 
level).65 Interaction between the increased cardiac 
output, which occurs later in pregnancy, and the 
alterations in ventilation/perfusion distribution 
characteristic of covid-19, make pregnant women 
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more likely to develop more severe hypoxemia than 
non-pregnant patients with the same degree of lung 
involvement. This means that, given the same degree 
of lung consolidation, the higher cardiac output 
increases the functional pulmonary shunt, leading 
to worse hypoxemia, particularly in covid-19, 
where the pathophysiology of hypoxemia is initially 
and primarily due to an increased functional and 
anatomical (through neovascularization) shunting of 
affected lung regions.66 67 In addition, the reduction 
in lung volumes owing to the pregnant uterus 
may increase lung strain for the same inspiratory 
volume and may increase the risk of lung injury 
(eg, pneumomediastinum) when the inspiratory 
effort is high and not controlled by non-invasive or 
invasive ventilation. Finally, although hypercapnia 
may be less common in this population given 
the hyperventilation and the fact that the high 
cardiac output will reduce the lung regions with 
high ventilation/perfusion ratio, note that, when 
developed, this indicates a worse severity of lung 
disease.

Intubation and ventilation should be undertaken 
with the same indications as for non-pregnant 
patients, however, appreciation of the physiological 
changes induced by covid-19 and pregnancy should 
guide the most appropriate timing. The RECOVERY-
RS trial examined the effect of CPAP, high flow 
nasal oxygen, and conventional oxygen therapy on 
respiratory outcomes in patients with covid-19.68 69 
The authors found that, compared with conventional 
oxygen therapy, CPAP significantly reduced intensive 
care admission rates (54.1% v 61.5%, OR 0.74), 
the requirement for intubation (33.4% v 41.3%, OR 
0.71), and 30 day mortality (16.7% v 19.2%, OR 
0.84). For high flow nasal oxygen versus conventional 
oxygen therapy, no significant difference was seen in 
intensive care admission, time to intubation, duration 
of mechanical ventilation, critical care length of stay, 
or length of hospital stay. However, other studies have 
shown a significantly decreased need for mechanical 
ventilation support and time to clinical recovery 
using high flow nasal oxygen or NIV70 depending 
on settings and availability of interface. Therefore, 
escalation from low flow to high flow oxygen may be 
appropriate provided that the inspiratory effort and 
breathlessness are low. With higher FiO2 (eg, >0.6) 
and increased inspiratory effort, a trial of CPAP or NIV 
is supported by recent evidence. However, clinicians 
must stay vigilant and choose appropriate timing for 
invasive mechanical ventilation to facilitate other 
lung protective strategies, including prone position, 
and therefore avert further deterioration and patient 
self-inflicted lung injury.71 72

A higher rate of difficult or failed tracheal intubation 
is evident in pregnant patients.73 Additionally, 
owing to the decreased respiratory reserve, pregnant 
women are at increased risk of oxygen desaturation 
during general anesthesia induction,74 which may 
be compounded in women with severe covid-19 
infection. Therefore, it is essential to optimize 
first pass intubation success rates. International 

consensus guidelines for managing the airway 
in patients with covid-19 recommend adopting 
strategies to enable successful airway management 
(“safe, accurate, and swift”).75 These strategies 
include evaluating the “most appropriate” clinician 
to manage the airway. The most appropriate person 
is based on factors such as the available clinician’s 
airway experience and expertise, and the predicted 
difficulty of airway management.

Positioning
Use of the prone position to improve oxygenation is 
now an established treatment strategy in patients 
with severe covid-19. In a prospective collaborative 
meta-trial of six randomized controlled open label 
superiority trials, adults (excluding pregnant 
women) who required respiratory support with high 
flow nasal cannula for acute hypoxemic respiratory 
failure owing to covid-19 were randomly assigned 
to awake prone positioning or standard care. The 
primary composite outcome was treatment failure, 
defined as the proportion of patients intubated or 
dying within 28 days of enrolment. Treatment failure 
occurred in 40% of patients assigned to awake prone 
positioning and 46% of patients assigned to standard 
care (relative risk, RR 0.86, 95% CI 0.75 to 0.98). 
Data about the prone position in pregnant women are 
limited to case reports, but are reassuring. Routine 
indications and contraindications should apply, 
although it may be appropriate to avoid the position 
in the immediate postoperative period after cesarean 
birth. In the third trimester, prone positioning may 
be more challenging technically, and the lateral 
decubitus position may be better tolerated76; the 
risks and benefits of delivery before prone positioning 
should be considered. When undertaken, ensure 
adequate padding above and below the gravid 
uterus to offload the uterus and avoid aortocaval 
compression.77 Fetal monitoring during periods in 
the prone position may be technically challenging, 
but can be undertaken if required.78

In a case series of obstetric patients with 
severe covid-19 infection, 13 patients had prone 
positioning during their care, with 49 proning 
sessions of median duration 16 hours (interquartile 
range 2.8, range 1 to 18). No proning sessions 
were terminated owing to maternal hemodynamic 
or respiratory instability, or fetal intolerance. One 
patient developed uterine contractions while prone, 
which resolved when the woman was returned to the 
supine position. The authors reported that in some 
cases, maintaining continuous fetal monitoring 
while in the prone position required an early return 
to the supine position.76 This emphasizes the 
importance of multidisciplinary discussion to assess 
whether continuous fetal monitoring is needed if its 
application denies a pregnant woman the benefits of 
the prone position.

Extracorporeal membrane oxygenation
Early in the pandemic, ECMO was identified as 
having a role in managing refractory hypoxemia 
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unresponsive to conventional care. In a retrospective 
cohort study, the Extracorporeal Life Support 
Organization Registry reported outcomes of pregnant 
or peripartum women with covid-19 supported 
with veno-venous ECMO (VV-ECMO).79 The primary 
outcome was survival to hospital discharge, and 
secondary outcomes were complications related to 
ECMO in the pregnant or peripartum cohort. In the 
cohort, 1180 adult female patients were supported 
with VV-ECMO for covid-19, of whom 100 were 
pregnant or peri partum. The pregnant or peripartum 
group was more likely to survive to hospital 
discharge (84% v 51.5%; overlap propensity score 
weighted OR 1.18; 95% CI 1.10 to1.27) and had 
fewer renal complications related to ECMO (overlap 
propensity score weighted OR 0.90; 95% CI 0.84 
to 0.97). Consensus recommendations from the UK 
and US suggest that ECMO be offered to selected 
patients with acute severe respiratory failure caused 
by covid-19,80 and the same criteria for referral 
should be used for pregnant and postpartum 
women as for non-pregnant patients (box 1).80 81 The 
rapid report from the UK Confidential Enquiry into 
Maternal Deaths during the pandemic found several 
examples of women who were inappropriately 
deemed ineligible for ECMO.26 This occurred 
particularly when women developed air leaks (eg, 
pneumomediastinum or subcutaneous emphysema) 
as a consequence of high inspiratory effort. Pregnant 
and postpartum women with severe covid-19 should 
be referred early to a severe respiratory failure/ECMO 
center to avert delays in lung protective ventilation 
or extracorporeal therapies. The combination of 
reduced lung volumes, increased cardiac output (ie, 
increased effective shunt fraction), and concerns 
around proning associated with the excellent 
prognosis and response to extracorporeal support 
of pregnant women should further encourage 
early engagement with ECMO centers. Special 
considerations may be required in terms of ECMO 
configuration, immunomodulation during ECMO, 
and obstetric care, which require multidisciplinary 
discussion and again emphasize the importance 
of managing pregnant women in centers where all 
these disciplines are available.

Obstetric care
Concurrent medication
Covid-19 infection may be associated with 
thrombocytopenia,83 thus aspirin prescribed for pre-
eclampsia prophylaxis should be withheld during 
the period of illness to reduce the risk of bleeding if 
platelets <50 ×109/L.8 Aspirin irreversibly inhibits 
COX-1, inducing a longlasting functional defect in 
the platelets. Its effect lasts approximately one week 
after discontinuing treatment.

Mode of birth and pregnancy outcomes
Most women infected with covid-19 show no 
evidence of respiratory compromise and should be 
allowed to recover from the infection and proceed as 
usual through the remainder of their pregnancy.84 If 
a woman is admitted to hospital for covid-19 during 
pregnancy, regular ultrasound screening for fetal 
growth should be performed from 28 weeks onwards, 
as per the local policy on routine screening for fetal 
growth restriction.

Covid-19 status alone is not an indication for 
cesarean birth, and the usual indications should 
guide the mode of birth. Maternal covid-19 infection 
is associated with an increased risk of cesarean birth 
(50% compared with 29% in controls) regardless of 
symptom status, with half of the additional cesarean 
births directly as a result of expedited delivery owing 
to maternal compromise.10 Some studies suggest that 
in women with symptomatic covid-19, an increased 
risk of fetal compromise may be seen in active 
labor; 23% of cesarean births in women admitted 
with symptomatic covid-19 in a UK national cohort 
were because of fetal compromise.10 However, poor 
reporting of the indication for cesarean birth in 
many studies makes it difficult to fully separate any 
iatrogenic effect from the true impact of covid-19.1

Women with symptomatic suspected or confirmed 
covid-19 should be advised to undergo labor 
and give birth in an environment that enables 
multidisciplinary care (obstetric, physician, 
anesthetic, midwifery, and neonatology) for the 
woman and her baby. They should be offered 
continuous electronic fetal monitoring during labor.

In cases where the mother’s condition deteriorates, 
individualized multidisciplinary assessment 
about the mode of birth should consider maternal 
preference and gestation. Studies have consistently 
identified that the preterm birth rate in women with 
symptomatic covid-19 is approximately three times 
higher than the background rate, predominantly 
owing to iatrogenic preterm births.1

Preterm birth is a leading cause of neonatal 
morbidity and mortality. Potential maternal 
benefits of expediting delivery must be carefully 
balanced against the risk to the fetus of iatrogenic 
prematurity. Multiple case reports describe women 
with severe covid-19 infection in the first and 
second trimesters receiving critical care, including 
mechanical ventilation and ECMO, and recovering to 
complete the remainder of their pregnancies.85 86 In 
cases where preterm birth is considered necessary, 

Box 1: Indications for use of ECMO in severe respiratory failure80

Criteria for referral for ECMO
•	Potentially reversible severe respiratory failure (eg, PaO2/FiO2 of <6.7 kPa for ≥3 h or 

PaO2/FiO2 of <10.0 kPa for ≥6 h)81

•	Lung injury score of 3 or higher82

•	Uncompensated hypercapnia with a pH of 7.20 or higher, despite a respiratory 
rate of more than 35 breaths/min, or owing to life threatening airway disease (eg, 
asthma, airway trauma, or air leak)14

Criteria for considering ECMO
•	Unsuccessful trial of ventilation in the prone position for six hours or more (unless 

contraindicated)
•	Unsuccessful optimal respiratory management with lung protective ventilation after 

discussion with an ECMO center
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magnesium sulfate therapy should be administered 
for fetal neuroprotection up to 29+6 weeks’ gestation 
and considered up to 33+6 weeks’ gestation.87 
Administration of steroids (either dexamethasone 
or betamethasone) for fetal lung maturity should 
be considered prior to delivery before 34+6 weeks’ 
gestation.8 88

No evidence exists of an increased risk of 
congenital abnormality or fetal loss before 20 
weeks in women who have contracted covid-19 in 
pregnancy. In several more recent studies of women 
with laboratory confirmed SARS-CoV-2 infection, 
however, the risk of stillbirth appears significantly 
increased compared with women without infection; 

Fig 6 | Facilitate contact for mother and neonate, even in the ICU setting, to support maternal-infant bonding
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this is particularly evident since the delta variant 
became predominant.2  4 17 84 Proposed mechanisms 
include impaired placental function secondary to the 
infection.

Reassuringly, no evidence suggests increased 
rates of neonatal morbidity in babies born at term. 
In addition, babies born to mothers who have tested 
positive for covid-19 are unlikely to contract the 
virus, supporting the practice of not separating 
mother and baby at birth.89

Transplacental transmission of immunoglobulin 
G antibodies against covid-19 has been shown 
in umbilical cord blood samples from infected 
mothers.90 At present, the duration of their existence 
and the extent to which they confer passive immunity 
remains unclear.

A multicenter international cohort study investigated 
30 day mortality and pulmonary complications in 
patients with perioperative SARS-CoV-2 infection.91 The 
authors found higher 30 day mortality in elective and 
emergency surgical patients, respectively, with around 
half of patients experiencing postoperative pulmonary 
complications. Therefore, current recommendations 
are that planned surgery should not be scheduled 
within seven weeks of a diagnosis of SARS-CoV-2 
infection unless outweighed by the risk of deferring 
surgery, or clinical priority, or during the period that a 
patient may be infectious (10 days after mild/moderate 
disease and 15-20 days after severe disease) for the 
protection of staff. However, the potential to delay or 
postpone cesarean birth or induce labor is limited. In 
a woman who has recovered from recent SARS-CoV-2 
infection, a personalized assessment should determine 
whether it is feasible or beneficial to delay a planned 
cesarean birth or induction of labor.

Occasionally, later in the third trimester, early 
delivery of the baby may result in improved 
respiratory system compliance, and therefore 
delivery may lead to reduced oxygen requirements 
and improvements in the mother’s condition. 
Decisions regarding timing, place, and mode of 
delivery should be taken by a multidisciplinary team 
including obstetricians, physicians, anesthetists, 
and intensivists experienced in the care of covid-19 
in pregnancy, and ideally this should take place 
in consultation with centers with experience and 
expertise in all these specialties.

Postpartum care
Skin-to-skin contact after birth, along with 
breastfeeding, improves maternal-infant bonding 
and perinatal mental health outcomes (fig 6).89 
Vertical transmission, although reported, is 
uncommon,89 and rates of infection are no greater 
when a baby is born vaginally, has skin-to-skin 
contact (is dried immediately after birth and laid 
directly on the mother’s bare chest for at least an hour 
or until after the first feed), is breastfed, or remains 
in close contact with a mother who has covid-19.92 
As vertical transmission of covid-19 is exceptionally 
rare and the risk of severe infection in neonates is 
small, the World Health Organization encourages 

covid positive mothers and their babies to be allowed 
to remain together, promoting breastfeeding using 
sensible hygiene precautions.93 Despite best efforts, 
in some women periods of separation from their 
newborn will be unavoidable. For such women and 
for those who have been put under severe mental 
stress because of being very unwell during their 
pregnancy, a postnatal birth reflections service, 
perinatal mental health, or clinical psychology team 
may be of benefit.

Prognosis of covid-19 in pregnancy
The prognosis of covid-19 varies according to 
trimester of infection, with data from the Scottish 
national cohort study showing rates of admission to 
hospital varying from 3% to 16% with infection in the 
first trimester, to 7-28% in the second trimester, and 
28-54% in the third.17 Outcomes for women who are 
not admitted to hospital appear to be good,17 although 
pregnant women with covid-19 are reported to be at 
increased risk of developing pre-eclampsia compared 
with women giving birth without covid-19.1 94 It is, 
as yet, unclear whether an independent association 
exists, or whether the association is caused by 
common risk factors. Results from the INTERCOVID 
prospective longitudinal study suggest the association 
is independent of any risk factors (including covid-19 
severity) and pre-existing conditions.94 Pre-eclampsia 
and covid-19 were associated independently of, and 
in additive fashion with, preterm birth, perinatal 
morbidity and mortality, as well as adverse maternal 
outcomes. It was therefore concluded that clinicians 
should be alert to women with pre-eclampsia being a 
particularly vulnerable group with regard to the risk 
of covid-19.

Between one in six and one in 12 pregnant women 
admitted to hospital with symptomatic covid-19 in 
pregnancy (as opposed to an incidental diagnosis on 
admission screening) are admitted to an intensive care 
unit.2 Case fatality rates among those admitted vary 
widely, according to study design and setting; rates of 
up to 1%, depending on the period, have been reported 
among the national cohort of women admitted to 
hospital with symptomatic covid-19 in pregnancy in 
the UK.2 Up to 17 January 2022, 263 deaths among 
160 873 pregnant women with covid-19 had been 
reported in the US, a rate of 16 per 10 000 pregnant 
women with covid-19.9 The odds of mortality are 
threefold higher among pregnant women with 
covid-19 compared with pregnant women without 
covid-19 (OR 2.85, 95% CI 1.08 to 7.52).1

As of 17 January 2022, the Centers for Disease 
Control and Prevention reported that about 10% 
of pregnant women with covid-19 gave birth 
preterm.9 Among women admitted to hospital 
with symptomatic covid-19 in pregnancy, rates of 
preterm birth are more than 20%, with most of the 
excess resulting from iatrogenic deliveries.2 Perinatal 
mortality rates are reported to be more than fourfold 
higher among pregnant women with SARS-CoV-2 
within 28 days of giving birth, compared with 
pregnant women without SARS-CoV-2.17
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Few data yet exist on longer term outcomes of 
covid-19 in pregnancy for either women or their 
infants, but research is ongoing. However, given the 
known long term neurodevelopmental and other 
impacts of preterm birth, it is clear that long term 
adverse sequelae will result.

Covid-19 vaccination in pregnancy
Covid-19 vaccines have no biologically plausible 
mechanism by which to cause harm in the 
periconception period, throughout gestation, 
or during breastfeeding. As such, professional 
organizations, including the American College of 
Obstetricians and Gynecologists, the Royal College 
of Obstetricians and Gynaecologists, and Royal 
College of Midwives in the UK, strongly endorse the 
vaccination of pregnant women, based on their age 
and clinical risk group, in line with non-pregnant 
women. Substantial data are available on safety 
for messenger RNA (mRNA) vaccines in pregnancy, 
and pregnant women should be advised that the 
vaccine prevents severe illness, and that the benefits 
to mother and baby far outweigh any—largely 
theoretical—risks.84 95 96 Data for fetal outcomes 
are reassuring, with rates of preterm birth, small-
for-gestational age, congenital anomaly, pregnancy 
loss, and stillbirth not being increased above the 
background population.95 96 A recent analysis in six 
European countries showed that almost all pregnant 
women admitted to intensive care units with 
covid-19 in the latter half of 2021, when vaccination 
was universally available, were unvaccinated.97 A 
national study from Scotland showed that all babies 
who were stillborn or died in the neonatal period after 
maternal covid-19 were born to mothers who had not 
been vaccinated.17 These studies give clear evidence 
of the strong protection vaccination affords against 
the severest outcomes of covid-19 for both mother 
and baby. Clinicians should strongly encourage 
pregnant women to accept vaccination, signposting 
them to reliable information.

Emerging treatments
New, innovative, and emerging treatments have 
become available to treat covid-19, but very few, if 
any studies have included pregnant women. This 
is a concern and needs to be addressed if we are to 
provide equitable and fair treatment to pregnant 
women, as we do other patient populations.98 While 
acknowledging concerns regarding medication safety 
in pregnancy, relative safety can often be inferred 
through scientific appraisal of the mechanism of 
action of the study medication and looking in the 
literature for the use of the study medication (or a 
similar class of medication) to treat other diseases. 
Ultimately, if a pregnant woman is unwell with 
covid-19, the risks to the baby and mother from the 
disease itself (hypoxia, hypovolemia, premature 
delivery) are likely to be as harmful, if not more so, 
than medication given to treat.

Emerging covid-19 studies that have included 
pregnant women include the RECOVERY trial. At 

present RECOVERY includes pregnant women in 
the high dose steroids arm, the sotrovimab arm, 
and the paxlovid arm. Baricitinib, a Janus kinase 
inhibitor that inhibits the endocytosis of SARS-CoV-2 
into pulmonary cells, has shown a proportional 
reduction in mortality of 13% in the RECOVERY 
trial, and when combined with results from other 
studies, a 20% overall reduction in mortality.99 
Limited information is available about the safety of 
baricitinib in pregnancy. In a case report describing 
a patient with rheumatoid arthritis exposed to 
baricitinib from conception to 17 weeks’ gestation, 
a healthy infant was born at 38 weeks. Tofacitinib, 
another Janus kinase inhibitor, has limited data, with 
approximately 60 exposed pregnancies reported in a 
small number of uncontrolled case series100 and a 
case report,101 for which the pregnancy outcomes are 
reassuring. Thus, although data around the safety 
of Janus kinase inhibitors in pregnancy are limited, 
these treatments remain a therapeutic option worthy 
of further studies.

Clinical trials of camostat mesilate (a serine 
protease inhibitor) and sargramostim (a recombinant 
human granulocyte-macrophage colony stimulating 
growth factor) are also emerging. To date, no 
pregnancy exposure data, either human or animal, 
exist for these medications.102

Guidelines
To inform this review, we considered resources 
from the American College of Obstetricians and 
Gynecologists, the Society for Maternal-Fetal 
Medicine, the Royal College of Obstetricians and 
Gynaecologists, and the Society of Obstetricians and 
Gynecologists of Canada. All sources reference other 
guidance—for example, National Institutes of Health 
covid-19 treatment guidelines, and are continually 
being revised as evidence emerges. Considering 
the emerging evidence, some guidance is framed 
as frequently asked questions (FAQs), rather than 
formal guidance documents. Aspects of these FAQs 
and/or formal guidance documents changed on 
several occasions during the drafting of this article, 

Box 2: Selected national guidance on management 
of covid-19 in pregnancy
•	American College of Obstetricians and Gynecologists: 

https://www.acog.org/clinical-information/
physician-faqs/covid-19-faqs-for-ob-gyns-obstetrics

•	National Institutes of Health: https://www.
covid19treatmentguidelines.nih.gov

•	Royal College of Obstetricians and Gynaecologists: 
https://www.rcog.org.uk/guidance/coronavirus-
covid-19-pregnancy-and-women-s-health/
coronavirus-covid-19-infection-in-pregnancy/

•	Society for Maternal-Fetal Medicine: https://www.
smfm.org/covidclinical

•	Society of Obstetricians and Gynecologists of 
Canada: https://sogc.org/en/-COVID-19/en/
content/COVID-19/COVID-19.aspx?hkey=4e808c0d-
555f-4714-8a4a-348b547dc268
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and we therefore advise consultation of current 
sources for individual detail (box 2).

Conclusion
Pregnant women with covid-19 are at greater risk 
of severe disease than their non-pregnant peers. 
The basic principles of diagnosis and management 
are the same as for non-pregnant patients and it 
is important that pregnant women are not denied 
investigations or treatment inappropriately. A 
multidisciplinary, expert team approach is essential 
to ensure all facets of care are optimized. Earlier and 
rapid escalation to the appropriate teams is needed 
to continue to improve outcomes for both women 
and their babies. Corticosteroid therapy should be 
modified during pregnancy to use non-fluorinated 
glucocorticoids. Il-6 inhibitors and monoclonal 
antibodies, together with specific antiviral therapies, 
may also be considered. Prophylaxis against venous 
thromboembolism is particularly important. Women 
may require respiratory support with oxygen, non-
invasive ventilation, ventilation in a prone position 
(either awake or during invasive ventilation), 
intubation and ventilation, and ECMO. Pregnancy 
is not a contraindication for any of these supportive 
therapies and the criteria for providing these 
therapies are the same as in the general population. In 
some clinical situations, particularly later in the third 
trimester, early delivery of the baby may facilitate 
improvement of the maternal condition. Decisions 
regarding time, place, and mode of delivery should 
be taken with a multidisciplinary approach, ideally, 
in a center with appropriate expertise. Vaccination 
for covid-19 is of paramount importance in this 
population and should be strongly recommended, 
with appropriate signposting to reliable information. 
Future trials of vaccines and therapies should enable 
the inclusion of pregnant participants if equitable 
and fair treatment is to be provided to the pregnant 
population.

How patients were involved in the creation of this 
article
This manuscript has been informally peer reviewed 
by a patient who was infected with SARS-CoV-2 
during pregnancy and admitted to hospital under 
the care of three of the authors. The patient required 
admission to intensive care and ECMO support; 
cesarean section was undertaken at 32 weeks’ 
gestation owing to maternal compromise.

Following review of the manuscript, the patient 
emphasized the importance of communication and 
collaboration of the multidisciplinary team. She 
also described eloquently the emotions involved in 
delivering a preterm baby under such circumstances.

“A mother’s instinct and concern is the health 
and protection of their baby. It consumed my every 
waking hour. Who is looking after her? How is she? 
When can I meet her? All the ‘firsts’ I was missing: 
first nappy, first feed, coming off oxygen, etc. My 
baby came first and it physically hurt my heart not 
to be able to meet her. Communication was priceless.

“The first time I met her was gut wrenching … will she 
take to me? Will I know what to do? But with support 
from a fantastic team behind me, meeting my baby for 
the first time was everything and more. The relief was 
immense and gave me fire in my belly to get better and 
to have her in my arms for the rest of my life.”
Contributorship: All authors planned the overall content of the article. 
MN, MK, and KH conducted the literature reviews. MN and CNP wrote the 
first draft of the article. All authors edited specific sections and revised 
the whole article for intellectual content. MK and CNP are guarantors.
Competing interests: We have read and understood the BMJ policy 
on declaration of interests and declare the following interests: MK 
reports grants from the National Institute for Health Research; CNP 
reports grants and speaker fees from UCB unrelated to covid-19 and 
speaker fees from Sanofi and Alexion pharma; KH reports he is a local 
principal investigator for the Pfizer-BioNTech maternal SARS CoV-2 
RNA Vaccine study (ClinicalTrials number NCT04754594). All other 
authors report none.
Provenance and peer review: commissioned; externally peer 
reviewed.
The photo in figure 6 is included with permission from patient.

1 	 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. 
doi:10.1136/bmj.m3320 

2 	 Vousden N, Bunch K, Morris E, et al. Severity of maternal infection 
and perinatal outcomes during periods in which Wildtype, 
Alpha and Delta SARS-CoV-2 variants were dominant: Data 
from the UK Obstetric Surveillance System national cohort. BMJ 
Medicine 2022;1:e000053. doi:10.1136/bmjmed-2021-000053.

3 	 Ko JY, DeSisto CL, Simeone RM, et al. Adverse pregnancy outcomes, 
maternal complications, and severe illness among US delivery 
hospitalizations with and without a coronavirus disease 2019 
(COVID-19) diagnosis. Clin Infect Dis 2021;73(Suppl 1):S24-31. 
doi:10.1093/cid/ciab344 

4 	 DeSisto CL, Wallace B, Simeone RM, et al. Risk for stillbirth among 
women with and without covid-19 at delivery hospitalization—United 
States, March 2020-September 2021. MMWR Morb Mortal Wkly 
Rep 2021;70:1640-5. doi:10.15585/mmwr.mm7047e1 

5 	 Intensive Care National Audit and Research Centre (ICNARC). ICNARC 
report on covid-19 in critical care: England, Wales and Northern Ireland 
2021. 2021. https://www.icnarc.org/Our-Audit/Audits/Cmp/Reports

6 	 Horby P, Lim WS, Emberson JR, et al, RECOVERY Collaborative Group. 
Dexamethasone in hospitalized patients with covid-19. N Engl J 
Med 2021;384:693-704. doi:10.1056/NEJMoa2021436 

7 	 Group RC, RECOVERY Collaborative Group. Tocilizumab in patients 
admitted to hospital with COVID-19 (RECOVERY): a randomised, 
controlled, open-label, platform trial. Lancet 2021;397:1637-45. 
doi:10.1016/S0140-6736(21)00676-0 

8 	 Royal College of Obstetricians and Gynecologists. Coronavirus 
(covid-19) infection in pregnancy 2021. 2021. https://www.rcog.org.
uk/globalassets/documents/guidelines/2021-02-19-coronavirus-
covid-19-infection-in-pregnancy-v13.pdf

9 	 Centers for Disease Control and Prevention. Data on covid-19 during 
pregnancy: severity of maternal illness 2022. 2022. https://covid.
cdc.gov/covid-data-tracker/#pregnant-population

10 	 Vousden N, Bunch K, Morris E, et al. The incidence, characteristics 
and outcomes of pregnant women hospitalized with symptomatic 
and asymptomatic SARS-CoV-2 infection in the UK from March to 
September 2020: A national cohort study using the UK Obstetric 
Surveillance System (UKOSS). PLoS One 2021;16:e0251123. 
doi:10.1371/journal.pone.0251123 

Research questions
•	What is the appropriate dose of low molecular weight heparin for venous 

thromboembolism prophylaxis in covid-19 in pregnancy?
•	What is the efficacy of prednisolone and/or methylprednisolone in preventing 

severe outcomes of covid-19 in pregnancy?
•	How effective is prone positioning in the treatment of pregnant women with covid-

19? How can the prone position be used more effectively in pregnant women?
•	What are the long term outcomes of covid-19 in pregnancy for women and their 

children?

 on 6 M
ay 2022 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2021-069739 on 26 A
pril 2022. D

ow
nloaded from

 

https://www.icnarc.org/Our-Audit/Audits/Cmp/Reports
https://www.rcog.org.uk/globalassets/documents/guidelines/2021-02-19-coronavirus-covid-19-infection-in-pregnancy-v13.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/2021-02-19-coronavirus-covid-19-infection-in-pregnancy-v13.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/2021-02-19-coronavirus-covid-19-infection-in-pregnancy-v13.pdf
http://www.bmj.com/


State of the Art REVIEW

16� doi: 10.1136/bmj-2021-069739 | BMJ 2022;377:e069739 | the bmj

11 	 Blitz MJ, Rochelson B, Prasannan L, et al. Racial and ethnic 
disparity and spatiotemporal trends in severe acute respiratory 
syndrome coronavirus 2 prevalence on obstetrical units in New 
York. Am J Obstet Gynecol MFM 2020;2:100212. doi:10.1016/j.
ajogmf.2020.100212 

12 	 Knight M, Bunch K, Vousden N, et al, UK Obstetric Surveillance 
System SARS-CoV-2 Infection in Pregnancy Collaborative Group. 
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. 
doi:10.1136/bmj.m2107 

13 	 Vousden N, Ramakrishnan R, Bunch K, et al. Management and 
implications of severe COVID-19 in pregnancy in the UK: data from 
the UK Obstetric Surveillance System national cohort. Acta Obstet 
Gynecol Scand 2022;101:461-70. doi:10.1111/aogs.14329. 

14 	 Knight M, Bunch K, Cairns A, et al. Saving lives, improving mothers’ 
care rapid peport 2021: learning from SARS-CoV-2-related 
and associated maternal deaths in the UK June 2020-March 
2021. National Perinatal Epidemiology Unit, University of Oxford, 
2021.

15 	 Acosta CD, Kurinczuk JJ, Lucas DN, Tuffnell DJ, Sellers S, Knight M, 
United Kingdom Obstetric Surveillance System. Severe maternal 
sepsis in the UK, 2011-2012: a national case-control study. PLoS 
Med 2014;11:e1001672. doi:10.1371/journal.pmed.1001672 

16 	 Knight M, Bunch K, Tuffnell D, et al. Saving Lives, Improving Mothers’ 
Care - Lessons learned to inform maternity care from the UK and 
Ireland Confidential Enquiries into Maternal Deaths and Morbidity 
2015-17. National Perinatal Epidemiology Unit, University of Oxford, 
2019.

17 	 Stock SJ, Carruthers J, Calvert C, et al. SARS-CoV-2 infection and 
COVID-19 vaccination rates in pregnant women in Scotland. Nat 
Med 2022;28:504-12. doi:10.1038/s41591-021-01666-2. 

18 	 Vouga M, Favre G, Martinez-Perez O, et al. Maternal outcomes and 
risk factors for COVID-19 severity among pregnant women. Sci 
Rep 2021;11:13898. doi:10.1038/s41598-021-92357-y. 

19 	 Lassi ZS, Ana A, Das JK, et al. A systematic review and meta-analysis 
of data on pregnant women with confirmed COVID-19: Clinical 
presentation, and pregnancy and perinatal outcomes based on 
COVID-19 severity. J Glob Health 2021;11:05018. doi:10.7189/
jogh.11.05018 

20 	 Adhikari E, SoRelle JA, McIntire DD, Spong CY. Increasing severity of 
COVID-19 in pregnancy with Delta (B.1.617.2) variant surge. Am J 
Obstet Gynecol 2022;226:149-51.

21 	 Donati S, Corsi E, Maraschini A, Salvatore MA, ItOSS-COVID-19 
Working Group. SARS-CoV-2 infection among hospitalised pregnant 
women and impact of different viral strains on COVID-19 severity 
in Italy: a national prospective population-based cohort study. 
BJOG 2022;129:221-31. doi:10.1111/1471-0528.16980. 

22 	 Overtoom EM, Rosman AN, Zwart JJ, et al. SARS-CoV-2 infection in 
pregnancy during the first wave of COVID-19 in the Netherlands: a 
prospective nationwide population-based cohort study (NethOSS)
[published Online First: 20210926]. BJOG 2022;129:91-100. 
doi:10.1111/1471-0528.16903 

23 	 England N. NHS encourages pregnant women to get COVID-19 
vaccine 2021 https://www.england.nhs.uk/2021/10/nhs-
encourages-pregnant-women-to-get-covid-19-vaccine/.

24 	 Engjom HM, Ramakrishnan R, Vousden N, et al. Severity of maternal 
SARS-CoV-2 infection and perinatal outcomes during the Omicron 
variant dominant period: UK Obstetric Surveillance System national 
cohort study.medRxiv 2022:2022.03.07.22271699.

25 	 Nelson-Piercy C. Handbook of Obstetric Medicine. CRC Press, 2020: 
347-8. doi:10.1201/9780429330766.

26 	 Knight M, Bunch K, Cairns A, et al. Saving Lives, Improving Mothers’ 
Care Rapid Report 2021: Learning from SARS-CoV-2-related 
and associated maternal deaths in the UK June 2020-March 
2021. National Perinatal Epidemiology Unit, University of Oxford, 
2021.

27 	 Knight M, Bunch K, Cairns A, et al. Saving Lives, Improving Mothers’ 
Care Rapid Report: Learning from SARS-CoV-2-related and 
associated maternal deaths in the UK March – May 2020. National 
Perinatal Epidemiology Unit, 2020.

28 	 Burton KR, Park AL, Fralick M, Ray JG. Risk of early-onset breast 
cancer among women exposed to thoracic computed tomography in 
pregnancy or early postpartum. J Thromb Haemost 2018;16:876-85. 
doi:10.1111/jth.13980 

29 	 UK Health Security Agency. Ionising radiation: dose comparisons 
London: UK Health Security Agency. 2011. https://www.gov.uk/
government/publications/ionising-radiation-dose-comparisons/
ionising-radiation-dose-comparisons

30 	 ISARIC4C Consortium UOSSUaC-CINC-C. UKOSS/ISARIC/CO-CIN: 
Females in hospital with SARS-CoV-2 infection, the association with 
pregnancy and pregnancy outcomes, 25 March 2021. 2021 https://
www.gov.uk/government/publications/ukossisaricco-cin-females-in-
hospital-with-sars-cov-2-infection-the-association-with-pregnancy-
and-pregnancy-outcomes-25-march-2021.

31 	 American College of Obstetricians and Gynecologists. Novel 
Coronavirus 2019 (COVID 19) 2020 https://www.acog.org/clinical/
clinical-guidance/practice-advisory/articles/2020/03/novel-
coronavirus-2019.

32 	 ROCG. Reducing the Risk of Venous Thromboembolism during 
Pregnancy and the Puerperium 2015 https://www.rcog.org.uk/
globalassets/documents/guidelines/gtg-37a.pdf.

33 	 coronavirus NEaNI. Interim Clinical Commissioning Policy: 
Neutralising monoclonal antibodies and intravenous antivirals in the 
treatment of COVID-19 in hospitalised patients 2021 https://www.
england.nhs.uk/coronavirus/publication/neutralising-monoclonal-
antibodies-and-intravenous-antivirals-in-the-treatment-of-covid-19-
in-hospitalised-patients/.

34 	 Wagner C, Griesel M, Mikolajewska A, et al. Systemic corticosteroids 
for the treatment of COVID-19. Cochrane Database Syst 
Rev 2021;8:CD014963.

35 	 Magala Ssekandi A, Sserwanja Q, Olal E, Kawuki J, Bashir Adam 
M. Corticosteroids Use in Pregnant Women with COVID-19: 
Recommendations from Available Evidence. J Multidiscip 
Healthc 2021;14:659-63. doi:10.2147/JMDH.S301255 

36 	 Beitins IZ, Bayard F, Ances IG, Kowarski A, Migeon CJ. The transplacental 
passage of prednisone and prednisolone in pregnancy near term. J 
Pediatr 1972;81:936-45. doi:10.1016/S0022-3476(72)80547-X 

37 	 Blanford AT, Murphy BE. In vitro metabolism of prednisolone, 
dexamethasone, betamethasone, and cortisol by the human 
placenta. Am J Obstet Gynecol 1977;127:264-7. doi:10.1016/0002-
9378(77)90466-5 

38 	 Murphy VE, Fittock RJ, Zarzycki PK, Delahunty MM, Smith R, Clifton 
VL. Metabolism of synthetic steroids by the human placenta. 
Placenta 2007;28:39-46. doi:10.1016/j.placenta.2005.12.010 

39 	 UK Teratology Information Service. Use of systemic corticosteroids 
in pregnancy 2016 https://www.medicinesinpregnancy.org/bumps/
monographs/USE-OF-CORTICOSTEROIDS-IN-PREGNANCY/.

40 	 Thevathasan I, Said JM. Controversies in antenatal corticosteroid 
treatment. Prenat Diagn 2020;40:1138-49. doi:10.1002/pd.5664 

41 	 National Institute for Health and Care Excellence. Diabetes in 
pregnancy: management from preconception to the postnatal period 
2020 https://www.nice.org.uk/guidance/ng3

42 	 Gur C, Diav-Citrin O, Shechtman S, Arnon J, Ornoy A. Pregnancy 
outcome after first trimester exposure to corticosteroids: a 
prospective controlled study. Reprod Toxicol 2004;18:93-101. 
doi:10.1016/j.reprotox.2003.10.007 

43 	 Bandoli G, Palmsten K, Forbess Smith CJ, Chambers CD. A 
review of systemic corticosteroid use in pregnancy and the risk 
of select pregnancy and birth outcomes. Rheum Dis Clin North 
Am 2017;43:489-502. doi:10.1016/j.rdc.2017.04.013 

44 	 Ghosn L, Chaimani A, Evrenoglou T, et al. Interleukin-6 blocking 
agents for treating COVID-19: a living systematic review. Cochrane 
Database Syst Rev 2021;3:CD013881.

45 	 Reproductive Toxicology Center. Reprotox 2022 https://www.
reprotox.org

46 	 UK Teratology Information Service. Use of tocilizumab in pregnancy 
2020 https://www.medicinesinpregnancy.org/bumps/monographs/
USE-OF-TOCILIZUMAB-IN-PREGNANCY/

47 	 Jorgensen SCJ, Lapinsky SE. Tocilizumab for coronavirus disease 
2019 in pregnancy and lactation: a narrative review. Clin Microbiol 
Infect 2021.

48 	 UK Teratology Information Service. Medications used to treat 
covid-19 in pregnancy 2022 https://www.medicinesinpregnancy.
org/bumps/monographs/MEDICATIONS-USED-TO-TREAT-COVID-19-
IN-PREGNANCY/

49 	 Cheent K, Nolan J, Shariq S, Kiho L, Pal A, Arnold J. Case Report: Fatal 
case of disseminated BCG infection in an infant born to a mother 
taking infliximab for Crohn’s disease. J Crohns Colitis 2010;4:603-5. 
doi:10.1016/j.crohns.2010.05.001 

50 	 Lang VR, Englbrecht M, Rech J, et al. Risk of infections in rheumatoid 
arthritis patients treated with tocilizumab. Rheumatology 
(Oxford) 2012;51:852-7. doi:10.1093/rheumatology/ker223 

51 	 Horby P, Mafham M, Peto L, et al. Casirivimab and imdevimab 
in patients admitted to hospital with COVID-19 (RECOVERY): a 
randomised, controlled, open-label, platform trial2021https://www.
medrxiv.org/content/10.1101/2021.06.15.21258542v1.full.
pdf+html

52 	 Liu L, Iketani S, Guo Y, et al. Striking Antibody Evasion Manifested 
by the Omicron Variant of SARS-CoV-2. Nature 2021. doi:10.1038/
s41586-021-04388-0. 

53 	 Planas D, Saunders N, Maes P, et al. Considerable escape of 
SARS-CoV-2 Omicron to antibody neutralization. Nature 2021. 
doi:10.1038/s41586-021-04389-z. 

54 	 Cameroni E, Bowen JE, Rosen LE, et al. Broadly neutralizing 
antibodies overcome SARS-CoV-2 Omicron antigenic shift. 
Nature 2021. doi:10.1038/s41586-021-04386-2. 

55 	 Cao Y, Wang J, Jian F, et al. Omicron escapes the majority of existing 
SARS-CoV-2 neutralizing antibodies. Nature 2021. doi:10.1038/
s41586-021-04385-3. 

 on 6 M
ay 2022 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2021-069739 on 26 A
pril 2022. D

ow
nloaded from

 

https://www.england.nhs.uk/2021/10/nhs-encourages-pregnant-women-to-get-covid-19-vaccine/
https://www.england.nhs.uk/2021/10/nhs-encourages-pregnant-women-to-get-covid-19-vaccine/
https://www.gov.uk/government/publications/ionising-radiation-dose-comparisons/ionising-radiation-dose-comparisons
https://www.gov.uk/government/publications/ionising-radiation-dose-comparisons/ionising-radiation-dose-comparisons
https://www.gov.uk/government/publications/ionising-radiation-dose-comparisons/ionising-radiation-dose-comparisons
https://www.gov.uk/government/publications/ukossisaricco-cin-females-in-hospital-with-sars-cov-2-infection-the-association-with-pregnancy-and-pregnancy-outcomes-25-march-2021
https://www.gov.uk/government/publications/ukossisaricco-cin-females-in-hospital-with-sars-cov-2-infection-the-association-with-pregnancy-and-pregnancy-outcomes-25-march-2021
https://www.gov.uk/government/publications/ukossisaricco-cin-females-in-hospital-with-sars-cov-2-infection-the-association-with-pregnancy-and-pregnancy-outcomes-25-march-2021
https://www.gov.uk/government/publications/ukossisaricco-cin-females-in-hospital-with-sars-cov-2-infection-the-association-with-pregnancy-and-pregnancy-outcomes-25-march-2021
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2020/03/novel-coronavirus-2019
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2020/03/novel-coronavirus-2019
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2020/03/novel-coronavirus-2019
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg-37a.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg-37a.pdf
https://www.england.nhs.uk/coronavirus/publication/neutralising-monoclonal-antibodies-and-intravenous-antivirals-in-the-treatment-of-covid-19-in-hospitalised-patients/
https://www.england.nhs.uk/coronavirus/publication/neutralising-monoclonal-antibodies-and-intravenous-antivirals-in-the-treatment-of-covid-19-in-hospitalised-patients/
https://www.england.nhs.uk/coronavirus/publication/neutralising-monoclonal-antibodies-and-intravenous-antivirals-in-the-treatment-of-covid-19-in-hospitalised-patients/
https://www.england.nhs.uk/coronavirus/publication/neutralising-monoclonal-antibodies-and-intravenous-antivirals-in-the-treatment-of-covid-19-in-hospitalised-patients/
https://www.medicinesinpregnancy.org/bumps/monographs/USE-OF-CORTICOSTEROIDS-IN-PREGNANCY/
https://www.medicinesinpregnancy.org/bumps/monographs/USE-OF-CORTICOSTEROIDS-IN-PREGNANCY/
https://www.nice.org.uk/guidance/ng3
https://www.reprotox.org
https://www.reprotox.org
https://www.medicinesinpregnancy.org/bumps/monographs/USE-OF-TOCILIZUMAB-IN-PREGNANCY/
https://www.medicinesinpregnancy.org/bumps/monographs/USE-OF-TOCILIZUMAB-IN-PREGNANCY/
https://www.medicinesinpregnancy.org/bumps/monographs/MEDICATIONS-USED-TO-TREAT-COVID-19-IN-PREGNANCY/
https://www.medicinesinpregnancy.org/bumps/monographs/MEDICATIONS-USED-TO-TREAT-COVID-19-IN-PREGNANCY/
https://www.medicinesinpregnancy.org/bumps/monographs/MEDICATIONS-USED-TO-TREAT-COVID-19-IN-PREGNANCY/
https://www.medrxiv.org/content/10.1101/2021.06.15.21258542v1.full.pdf+html
https://www.medrxiv.org/content/10.1101/2021.06.15.21258542v1.full.pdf+html
https://www.medrxiv.org/content/10.1101/2021.06.15.21258542v1.full.pdf+html
http://www.bmj.com/


State of the Art REVIEW

the bmj | BMJ 2022;377:e069739 | doi: 10.1136/bmj-2021-069739� 17

56 	 Gupta A, Gonzalez-Rojas Y, Juarez E, et al, COMET-ICE Investigators. 
Early treatment for covid-19 with SARS-CoV-2 neutralizing antibody 
sotrovimab. N Engl J Med 2021;385:1941-50. doi:10.1056/
NEJMoa2107934 

57 	 RECOVERY. Randomised Evaluation of COVID-19 therapy 2022. 
https://www.recoverytrial.net/

58 	 Xevudy EMC. 500 mg concentrate for solution for infusion 2021 
https://www.medicines.org.uk/emc/product/13097/smpc#gref.

59 	 Medicines and Healthcare Products Regulatory Agency. Summary 
of product characteristics for lagevrio 2021 https://www.gov.
uk/government/publications/regulatory-approval-of-lagevrio-
molnupiravir/summary-of-product-characteristics-for-lagevrio.

60 	 UK Teratology Information Service. COVID-19 Antivirals Pregnancy 
Registry 2022 https://www.medicinesinpregnancy.org/bumps/
COVID-19-Antivirals-Pregnancy-Registry/.

61 	 Medicines and Healthcare Products Regulatory Agency. Summary 
of product characteristics for paxlovid 2022 https://www.gov.uk/
government/publications/regulatory-approval-of-paxlovid/summary-
of-product-characteristics-for-paxlovid.

62 	 Pasley MV, Martinez M, Hermes A, d’Amico R, Nilius A. Safety and 
efficacy of lopinavir/ritonavir during pregnancy: a systematic review. 
AIDS Rev 2013;15:38-48.

63 	 Lawler PR, Goligher EC, Berger JS, et al, ATTACC Investigators, 
ACTIV-4a Investigators, REMAP-CAP Investigators. Therapeutic 
anticoagulation with heparin in noncritically ill patients with 
covid-19. N Engl J Med 2021;385:790-802. doi:10.1056/
NEJMoa2105911 

64 	 Goligher EC, Bradbury CA, McVerry BJ, et al, REMAP-CAP Investigators, 
ACTIV-4a Investigators, ATTACC Investigators. Therapeutic 
anticoagulation with heparin in critically ill patients with covid-19. N 
Engl J Med 2021;385:777-89. doi:10.1056/NEJMoa2103417 

65 	 Gattinoni L, Gattarello S, Steinberg I, et al. COVID-19 
pneumonia: pathophysiology and management. Eur Respir 
Rev 2021;30:210138. doi:10.1183/16000617.0138-2021 

66 	 Camporota L, Cronin JN, Busana M, Gattinoni L, Formenti 
F. Pathophysiology of coronavirus-19 disease acute lung 
injury. Curr Opin Crit Care 2022;28:9-16. doi:10.1097/
MCC.0000000000000911 

67 	 Camporota L, Chiumello D, Busana M, Gattinoni L, Marini JJ. 
Pathophysiology of COVID-19-associated acute respiratory distress 
syndrome. Lancet Respir Med 2021;9:e1. doi:10.1016/S2213-
2600(20)30505-1 

68 	 Ehrmann S, Li J, Ibarra-Estrada M, et al, Awake Prone 
Positioning Meta-Trial Group. Awake prone positioning for 
COVID-19 acute hypoxaemic respiratory failure: a randomised, 
controlled, multinational, open-label meta-trial. Lancet Respir 
Med 2021;9:1387-95. doi:10.1016/S2213-2600(21)00356-8 

69 	 Perkins G, Ji C, Connolly B, et al. An adaptive randomized controlled 
trial of non-invasive respiratory strategies in acute respiratory failure 
patients with COVID-19 medxRiv [preprint] 2021 https://www.
medrxiv.org/content/10.1101/2021.08.02.21261379v1.full.
pdf+html. doi:10.1101/2021.08.02.21261379

70 	 Grieco DL, Menga LS, Cesarano M, et al, COVID-ICU Gemelli Study 
Group. Effect of helmet noninvasive ventilation vs high-flow nasal 
oxygen on days free of respiratory support in patients with covid-19 
and moderate to severe hypoxemic respiratory failure: the HENIVOT 
randomized clinical trial. JAMA 2021;325:1731-43. doi:10.1001/
jama.2021.4682 

71 	 Cruces P, Retamal J, Hurtado DE, et al. A physiological approach to 
understand the role of respiratory effort in the progression of lung 
injury in SARS-CoV-2 infection. Crit Care 2020;24:494. doi:10.1186/
s13054-020-03197-7 

72 	 Yoshida T, Grieco DL, Brochard L, Fujino Y. Patient self-inflicted lung 
injury and positive end-expiratory pressure for safe spontaneous 
breathing. Curr Opin Crit Care 2020;26:59-65. doi:10.1097/
MCC.0000000000000691 

73 	 Quinn AC, Milne D, Columb M, Gorton H, Knight M. Failed tracheal 
intubation in obstetric anaesthesia: 2 yr national case-control study 
in the UK. Br J Anaesth 2013;110:74-80. doi:10.1093/bja/aes320 

74 	 Bonnet MP, Mercier FJ, Vicaut E, Galand A, Keita H, Baillard C, CAESAR 
working group. Incidence and risk factors for maternal hypoxaemia 
during induction of general anaesthesia for non-elective Caesarean 
section: a prospective multicentre study. Br J Anaesth 2020;125:e81-
7. doi:10.1016/j.bja.2020.03.010 

75 	 Cook TM, El-Boghdadly K, McGuire B, McNarry AF, Patel A, Higgs 
A. Consensus guidelines for managing the airway in patients 
with COVID-19: Guidelines from the Difficult Airway Society, 
the Association of Anaesthetists the Intensive Care Society, 
the Faculty of Intensive Care Medicine and the Royal College 
of Anaesthetists. Anaesthesia 2020;75:785-99. doi:10.1111/
anae.15054. 

76 	 Wong MJ, Bharadwaj S, Lankford AS, et al. Mechanical ventilation 
and prone positioning in pregnant patients with severe COVID-19 
pneumonia: experience at a quaternary referral center. Int J Obstet 
Anesth 2021;103236. doi:10.1016/j.ijoa.2021.103236. 

77 	 Tolcher MC, McKinney JR, Eppes CS, et al. Prone Positioning for 
Pregnant Women With Hypoxemia Due to Coronavirus Disease 2019 
(COVID-19). Obstet Gynecol 2020;136:259-61. doi:10.1097/
AOG.0000000000004012. 

78 	 Ray B, Trikha A. Prone position ventilation in pregnancy: Concerns 
and evidence. J Obstet Anaesth Crit Care 2018;8:7-9. doi:10.4103/
joacc.JOACC_17_18.

79 	 O’Neil ER, Lin H, Shamshirsaz AA, et al. Pregnant and Peripartum 
Women with COVID-19 Have High Survival with Extracorporeal 
Membrane Oxygenation: An Extracorporeal Life Support Organization 
Registry Analysis. Am J Respir Crit Care Med 2022;205:248-50. 
doi:10.1164/rccm.202109-2096LE. 

80 	 Camporota L, Meadows C, Ledot S, et al, NHS England ECMO Service. 
Consensus on the referral and admission of patients with severe 
respiratory failure to the NHS ECMO service[published Online First: 
20210108]. Lancet Respir Med 2021;9:e16-7. doi:10.1016/S2213-
2600(20)30581-6. 

81 	 Combes A, Hajage D, Capellier G, et al, EOLIA Trial Group, REVA, and 
ECMONet. Extracorporeal membrane oxygenation for severe acute 
respiratory distress syndrome. N Engl J Med 2018;378:1965-75. 
doi:10.1056/NEJMoa1800385. 

82 	 Murray JF, Matthay MA, Luce JM, Flick MR. An expanded definition 
of the adult respiratory distress syndrome. Am Rev Respir 
Dis 1988;138:720-3. doi:10.1164/ajrccm/138.3.720. 

83 	 Xu P, Zhou Q, Xu J. Mechanism of thrombocytopenia in COVID-19 
patients. Ann Hematol 2020;99:1205-8. doi:10.1007/s00277-020-
04019-0. 

84 	 Stock SJ, Carruthers J, Denny C, et al. Cohort Profile: The COVID-19 in 
Pregnancy in Scotland (COPS) dynamic cohort of pregnant women 
to assess effects of viral and vaccine exposures on pregnancy. Int J 
Epidemiol 2022;dyab243. doi:10.1093/ije/dyab243. 

85 	 Agbontaen KO, Somasundram K, Baker M. Critical COVID-19 in a 
24-week pregnant woman with 32 days of invasive mechanical 
ventilation before delivery of fetus: a case of successful collaborative 
multidisciplinary care. BMJ Case Rep 2021;14:e243516. 
doi:10.1136/bcr-2021-243516. 

86 	 Tambawala ZY, Hakim ZT, Hamza LK, Al Rayes M. Successful 
management of severe acute respiratory distress syndrome due 
to COVID-19 with extracorporeal membrane oxygenation during 
mid-trimester of pregnancy. BMJ Case Rep 2021;14:e240823. 
doi:10.1136/bcr-2020-240823. 

87 	 American College of Obstetricians and Gynecologists. Magnesium 
Sulfate Before Anticipated Preterm Birth for Neuroprotection 2020 
https://www.acog.org/clinical/clinical-guidance/committee-opinion/
articles/2010/03/magnesium-sulfate-before-anticipated-preterm-
birth-for-neuroprotection.

88 	 National Institute for Health and Care Excellence. Preterm labour 
and birth 2015https://www.nice.org.uk/guidance/ng25/chapter/
Recommendations#magnesium-sulfate-for-neuroprotection

89 	 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;5:113-21. doi:10.1016/S2352-4642(20)30342-4. 

90 	 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;175:594-600. doi:10.1001/
jamapediatrics.2021.0038. 

91 	 Collaborative C, COVIDSurg Collaborative. Mortality and 
pulmonary complications in patients undergoing surgery 
with perioperative SARS-CoV-2 infection: an international 
cohort study. Lancet 2020;396:27-38. doi:10.1016/S0140-
6736(20)31182-X. 

92 	 Walker KF, O’Donoghue K, Grace N, et al. Maternal transmission 
of SARS-COV-2 to the neonate, and possible routes for such 
transmission: a systematic review and critical analysis[published 
Online First: 20200722]. BJOG 2020;127:1324-36. 
doi:10.1111/1471-0528.16362. 

93 	 World Health Organization. Clinical management of 
COVID-19—interim guidance 2020 https://apps.who.int/iris/
handle/10665/332196

94 	 Papageorghiou AT, Deruelle P, Gunier RB, et al, Preeclampsia and 
COVID-19: results from the INTERCOVID prospective longitudinal 
study. Am J Obstet Gynecol 2021;225:289. doi:10.1016/j.
ajog.2021.05.014

95 	 Centres for Disease Control and Prevention. V-safe COVID-19 Vaccine 
Pregnancy Registry 2021 https://www.cdc.gov/coronavirus/2019-
ncov/vaccines/safety/vsafepregnancyregistry.html.

96 	 UK Health Security Agency. COVID-19 vaccine surveillance report 
Week 47 2021 https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/1036047/Vaccine_
surveillance_report_-_week_47.pdf

97 	 Engjom H, van den Akker T, Aabakke A, et al. Severe COVID-19 in 
pregnancy is almost exclusively limited to unvaccinated women - 
time for policies to change. Lancet Reg Health Eur 2022;13:100313. 
doi:10.1016/j.lanepe.2022.100313 

 on 6 M
ay 2022 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2021-069739 on 26 A
pril 2022. D

ow
nloaded from

 

https://www.recoverytrial.net/
https://www.gov.uk/government/publications/regulatory-approval-of-lagevrio-molnupiravir/summary-of-product-characteristics-for-lagevrio
https://www.gov.uk/government/publications/regulatory-approval-of-lagevrio-molnupiravir/summary-of-product-characteristics-for-lagevrio
https://www.gov.uk/government/publications/regulatory-approval-of-lagevrio-molnupiravir/summary-of-product-characteristics-for-lagevrio
https://www.medicinesinpregnancy.org/bumps/COVID-19-Antivirals-Pregnancy-Registry/
https://www.medicinesinpregnancy.org/bumps/COVID-19-Antivirals-Pregnancy-Registry/
https://www.gov.uk/government/publications/regulatory-approval-of-paxlovid/summary-of-product-characteristics-for-paxlovid
https://www.gov.uk/government/publications/regulatory-approval-of-paxlovid/summary-of-product-characteristics-for-paxlovid
https://www.gov.uk/government/publications/regulatory-approval-of-paxlovid/summary-of-product-characteristics-for-paxlovid
https://www.medrxiv.org/content/10.1101/2021.08.02.21261379v1.full.pdf+html
https://www.medrxiv.org/content/10.1101/2021.08.02.21261379v1.full.pdf+html
https://www.medrxiv.org/content/10.1101/2021.08.02.21261379v1.full.pdf+html
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2010/03/magnesium-sulfate-before-anticipated-preterm-birth-for-neuroprotection
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2010/03/magnesium-sulfate-before-anticipated-preterm-birth-for-neuroprotection
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2010/03/magnesium-sulfate-before-anticipated-preterm-birth-for-neuroprotection
https://apps.who.int/iris/handle/10665/332196
https://apps.who.int/iris/handle/10665/332196
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafepregnancyregistry.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafepregnancyregistry.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036047/Vaccine_surveillance_report_-_week_47.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036047/Vaccine_surveillance_report_-_week_47.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036047/Vaccine_surveillance_report_-_week_47.pdf
http://www.bmj.com/


State of the Art REVIEW

18� doi: 10.1136/bmj-2021-069739 | BMJ 2022;377:e069739 | the bmj

98 	 Knight M, Morris RK, Furniss J, Chappell LC. Include pregnant women 
in research-particularly covid-19 research. BMJ 2020;370:m3305. 
doi:10.1136/bmj.m3305 

99 	 Group RC, Horby PW, Emberson JR, et al. Baricitinib in patients 
admitted to hospital with COVID-19 (RECOVERY): a randomised, 
controlled, open-label, platform trial and updated meta-analysis.
medRxiv 2022:2022.03.02.22271623.

100 	Mahadevan U, Dubinsky MC, Su C, et al. Outcomes of pregnancies 
with maternal/paternal exposure in the Tofacitinib Safety Databases 

for Ulcerative Colitis. Inflamm Bowel Dis 2018;24:2494-500. 
doi:10.1093/ibd/izy160 

101 	Fernández-Sánchez M, Ribes-Artero H, Romá-Sánchez E, et al. Fetal 
exposure to tofacitinib during the first trimester: A healthy newborn 
case report. Birth Defects Res 2021;113:1275-9. doi:10.1002/
bdr2.1942 

102 	UKTIS. Medications used to treat covid-19 in pregnancy. 2021. 
https://www.medicinesinpregnancy.org/bumps/monographs/
MEDICATIONS-USED-TO-TREAT-COVID-19-IN-PREGNANCY/ 

 on 6 M
ay 2022 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2021-069739 on 26 A
pril 2022. D

ow
nloaded from

 

https://www.medicinesinpregnancy.org/bumps/monographs/MEDICATIONS-USED-TO-TREAT-COVID-19-IN-PREGNANCY/
https://www.medicinesinpregnancy.org/bumps/monographs/MEDICATIONS-USED-TO-TREAT-COVID-19-IN-PREGNANCY/
http://www.bmj.com/

