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Abstract: Providing guidelines to health care workers during a period of rapidly evolving viral
pandemic infections is not an easy task, but it is extremely necessary in order to coordinate
appropriate action so that all patients will get the best possible care given the circumstances they
are in. With these International Society of Infectious Disease in Obstetrics and Gynecology (ISIDOG)
guidelines we aim to provide detailed information on how to diagnose and manage pregnant
women living in a pandemic of COVID-19. Pregnant women need to be considered as a high-risk
population for COVID-19 infection, and if suspected or proven to be infected with the virus, they
require special care in order to improve their survival rate and the well-being of their babies. Both
protection of healthcare workers in such specific care situations and maximal protection of mother
and child are envisioned.
Keywords: coronavirus; COVID-19; maternal complications; pandemic; obstetric complications;
pregnancy outcome; review

1. Introduction.
These recommendations are based on currently available published or in-press peer reviewed
case studies of COVID-19 and pregnancy (English only) and on the following guidelines: Centers for
Disease Control and Prevention (CDC) guidelines [1], Royal College of Obstetrics and Gynaecology
(RCOG) guidelines [2] and Australian and New Zealand Intensive Care Society (ANZICS) guidelines
[3].
Currently little is known about the exact management of pregnant women in COVID-19 endemic
settings. Based on an extensive literature review, the International Society of Infectious Disease in
Obstetrics and Gynecology (ISIDOG) provides herewith recommendations to provide guidance for
health care professionals dealing with pregnant patients and those implemented in writing national
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health policies. We provide an international approach, but every country will need to adopt and
follow their own country specific guidelines. The recommendations are written with the current
available knowledge; this might change with evolving research.
The term “COVID-19” will be used to refer to both SARS-CoV-2, the corona-virus itself, and to
the disease it causes. SARS-CoV-2 is a non-segmented, positive sense RNA virus. It is part of the
family of coronaviruses (CoV) composed of four viruses that cause “common cold”, the Severe Acute
Respiratory Syndrome (SARS) CoV and Middle East Respiratory syndrome (MERS) CoV. The latter
two previously caused epidemics with high morbidity and mortality, especially in pregnant women
[4–9]. COVID-19 is most closely related to SARS. It binds via the angiotensin-converting enzyme 2
(ACE2) receptor located on type II alveolar cells and intestinal epithelia [10].
The incubation time of COVID-19 virus is at a median of four days (interquartile range IQR of
2–7 days), with a range up to 14 days [11]. Generally, it causes a flu-like illness with constitutional
signs and symptoms like myalgia and fever, and typical upper and, less frequently, lower respiratory
symptoms (viral pneumonitis). The latter usually presents with cough, dyspnea and fever [12–16].
About 10% of cases present initially with gastrointestinal symptoms only (nausea, diarrhea) [17].
Anosmia has been reported to be an early symptom [18]. However, asymptomatic carriers have also
been reported [11,19].
In the general population hospitalization occurs in about 23% of known COVID-19 positive cases
(might be an overestimation since the amount of screening varies within each country) and among
these the mortality rate is around 1%-2% (higher in Italy due to lack of resources and lower in
Germany and South Korea, though depending on country specific reporting). Most fatalities are due
to acute respiratory distress syndrome (ARDS) and multi-organ failure. High morbidity and
mortality is seen in the elderly (>65 years of age) and patients with (multiple) comorbidities [13,16].
See Table 1 for an overview of high-risk profiles. Since the first cases were reported in November
2019 from an outbreak in the Hubei province in China, a worldwide pandemic emerged with a high
disease burden and an increasing death toll, paralyzing the economy and pressuring social security
networks as well as health care systems.
Table 1. Criteria for people at high risk for severe illness with COVID-19.


People aged 65 years and older
People who live in a nursing home or long-term care facility

Other high-risk conditions could include:

People with underlying end organ dysfunction
Chronic lung disease (mucoviscidosis, chronic obstructive lung disease, moderate to severe asthma
or any other lung disease that could deteriorate with viral infection)
Serious heart conditions (New York Heart Association classification NYHA 3-4, heart valve disease, history of cardiac
surgery or coronary artery disease)
Severe renal insufficiency (requiring hemodialysis)
Severe hepatic disease (liver cirrhosis ≥Stage 4)
Diabetes mellitus (poorly controlled insulin-dependent or with complications such as micro-and macro-angiopathy)
Severe obesity (body mass index [BMI] >40)
Metastasized cancer

People who are immunocompromised
Drug-induced (chronic steroid use or other agents that suppress immunity)
Organ transplant patients under immunosuppression
Hematological malignancies
Cancer therapies (chemotherapy etc.)
Poorly controlled HIV-infected with CD4 < 200/mm

People who are pregnant
Based on CDC COVID-19 guidelines, Belgian COVID-19
guidelines, CNGOF COVID-19 and pregnancy guidelines.

© ISIDOG COVID-19 2020 guidelines
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2. Susceptibility of Pregnant Women to COVID-19: Are Pregnant Women More Likely to Get
Infected?
Although pregnant women are not immune-compromised in the classic sense, immunologic
changes of pregnancy may induce a state of increased susceptibility to certain intracellular pathogens,
especially viruses, intracellular bacteria and parasites [20,21]. Measles, primary varicella, influenza,
variola (small pox), lassa fever, ebola and SARS are all examples of viral infections, where pregnant
women are more susceptible to be infected and develop more severe complications of the disease and
higher mortality compared to the non-pregnant population [4,5,20,22–26].
As for COVID-19, the reproductive rate or in other words the average number of people that an
infected person transmits the virus to during the peak of the epidemic is between two and three
(range 2.5–2.9), which is somewhat higher than seasonal influenza [27]. This number reflects both the
virus’ characteristics and infection potential, as well as the human behavior (e.g., social distancing or
not). The virus is transmitted by droplet-infection as well as surface-contact (face-to-fomite), with
certain reported data describing persistence of viable virus on surfaces up to four days [11,28]. More
evidence is needed on the possibility of airborne transmission and transmission during aerosol
generating procedures and should be taken into consideration until further evidence is available [29–
31]. Pre-symptomatic people can also transmit the disease, and for that reason, in China everyone is
advised to wear face masks outside of the home environment [11,32].
Guideline 1. Every pregnant woman is considered high risk, as their susceptibility due to altered
immune response may be higher, disease course is more severe and delivering intensive care is more
difficult (see later). All pregnant women should take extensive preventative measures: hand hygiene
and disinfecting surfaces with >60% ethanol and strictly adhere to measures of social distancing when
interacting with other people [33]. This also accounts for their (household) partners.
Guideline 2. As for pregnant women working in high-risk-exposure settings (labor and delivery,
operating theaters, respiratory wards, intensive care or high dependency units), transfer to low risk
exposure settings is preferred. The exposure risk assessment should be done by every professional
group individually and depending on the local endemic statistics.
3. Maternal Outcomes: Are Pregnant Women, once Infected with COVID-19, at Risk for
Developing More Severe Disease?
Limited data is available on maternal outcomes in COVID-19 infection in pregnancy. However,
in data from other viral illnesses such as influenza, SARS and MERS, pregnant women are more likely
to develop viral pneumonitis, with higher morbidity and mortality compared to non-pregnant
women [4–6,20,23,34–36]. Compared to non-pregnant women, these illnesses significantly increased
maternal morbidity and mortality, especially in the second and third trimesters of gestation. Several
explanations have been suggested, such as physiological alterations in cellular immune response
during pregnancy and changes in pulmonary functions [20,21]. We would like to add to this the
difficulty of managing severe pneumonia in pregnancy, such as intubation and mechanical
ventilation, especially in the 3rd trimester where often (premature) delivery is imminent [37,38]. In
addition, ventral positioning during ventilation, which is often required in severe COVID-19 cases,
is not easy or feasible in late pregnancy.
Current data available on second and third trimester pregnancies with confirmed SARS-Cov2/Covid-19 positivity (from a review of 32 cases in four case report series) have not reported maternal
deaths [39–42]. One case, a 31 year old woman at gestational age (GA) of 34 weeks, presented with
multi-organ failure and required mechanical intubation, ultimately leading to extracorporeal
membranous oxygenation (ECMO) [40]. Another patient in Chen et al. series had concomitant preeclampsia at 36 weeks and was delivered by cesarean section without need for intensive care
hospitalization.
Current data suggest lower morbidity and mortality for pregnant women with COVID-19 than
during the SARS epidemic: for 6.3% (2/32) intensive care admissions versus 83% (5/6) and no
mortality (0/32) versus 33% (2/6), respectively. The disease course tends to be rather mild and similar
to non-pregnant women, generally presenting with flu-like constitutional symptoms (fever, fatigue,

Diagnostics 2019, 9, x FOR PEER REVIEW

4 of 22

myalgia), cough and occasionally dyspnea [17,39,40]. Some pregnant patients present with laboratory
abnormalities such as lymphopenia, thrombocytopenia and elevated liver enzymes [17,39,40]. Based
on this limited data, we find pregnant women with COVID-19 to have similar rates of developing
severe disease requiring intensive care (6.3%) as the general population (5%) [43].
There are no reports of maternal outcomes in first trimester pregnancies, but it may be too early
since the start of the outbreak.
Guideline 3. With the limited evidence available at present, pregnant women seem to have a
similar course of the disease compared to the general population. However, in previous outbreaks of
similar respiratory viruses, pregnant women were not only more vulnerable but also had a more
severe course of the disease. Critical care management of pregnant patients is more difficult (airway
management, etc.). Therefore, until further data is available, pregnant patients above 24 weeks GA
should be strictly protected from becoming infected and we advise pregnant women to be removed
from high risk exposure workplaces such as certain health care workers (see above).
4. Pregnancy Complications: What Are the Risks for the Pregnancy?
Limited data is available on pregnancy outcomes in COVID-19 infection cases.
During the SARS epidemics an increased risk of miscarriage was reported during the first
trimester in seven proven infected cases (4/7 miscarriages). When evaluating the data in detail, three
of the four were as early as three to four weeks of gestation [4,35]. So far, for COVID-19 no first
trimester cases have been published, but further research is awaited.
For second and third trimester outcomes we summarized the literature review of 31 singleton
pregnancies at GA 25–39 weeks (Table 2) [39–42]. One third of COVID-19 positive patients (10/31)
presented with preterm premature rupture of membranes (PPROM) and preterm labor and in 35.4%
(11/32) fetal distress was reported. It is unclear how much of this is directly related to COVID-19
infection. Therefore, in proven cases of a new infection, alertness should be increased. Maternal
hypoxemia can cause such complications. On the other hand, fever could also explain the increased
risk of PPROM and preterm labor. One case of intrauterine fetal death is reported, in a case where
the mother developed multi-organ failure requiring intensive care hospitalization and ECMO. When
reviewing the data, we note a preterm birth rate of 53.6% (15/28). In COVID-19 positive patients a
cesarean section rate of 96.4% was seen, possibly indicating that iatrogenic reasons (obstetrician’s
fear) can also be a factor contributing to prematurity.
Table 2. Second and third trimester singleton pregnancy outcomes in 31 confirmed COVID-19
positive patients.
Clinical pregnancy outcome

Median maternal age (years;
range)
Median gestational age at
diagnosis (weeks; range)
Intensive care hospitalization
Mechanical ventilation
Maternal mortality
Delivery within 1 week after
diagnosis
Intrauterine fetal distress
during hospitalization
PPROM/preterm labor
Premature delivery (<37
weeks)
Extreme premature delivery
(<34 weeks)
Mors in utero
Neonatal vertical transmission

n=9

Liu et al.
(J. of infection,
prepress)
n = 13

n=8

Wang X et al.
(Clin. Infect.
Dis.)
n=1

28; 24–40

30; 22–36

30; 25–35

30

37; 36–39

35; 25–39

35; 33–39

30

0/9
0/9
0/9

1/13
1/13
0/12*

0/8
0/8
0/8

1/1
0/1
0/1

6.3%
3.2%
0%

9/9

NA**

8/8

1/1

100% *

2/9

3/13

5/8

1/1

35.4%

1/9

7/13

2/8

0/1

32.3%

4/9

6/10 **

4/8

1/1

53.6%

0/9

NA **

1/8

1/1

11.1%

0/9
0/6 ***

1/13
0/10 **

0/8
0/7 ***

0/1
0/1

3.2%
0%

Chen H et al.
(Lancet)

Zhu et al.
(Transl. Pediatr.)

Total %
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Cesarean section
9/9
10/10 **
7/8
1/1
96.4%
* One patient was on extracorporeal membranous oxygenation at the time of publication, the outcome is unknown.
** Gestational age at the time of delivery was not reported, 3 patients were discharged home after clinical remission,
delivery data on these patients is lacking. Thus 100% delivery within 1 week of infection is an overestimation.
*** Data of throat swabs in 6/9 neonates Chen et al. and 7/8 Zhu et al.

Intrauterine fetal growth restriction (IUGR) has so far not been reported in association with
COVID-19 infection. Although IUGR is a known consequence of chronic maternal hypoxia, the effects
of shorter and transient hypoxia in COVID-19 are unknown [44]. During the SARS-epidemic, small
for gestational age neonates were reported in two women contracting the infection at 28 and 30 weeks
GA and delivering at 33 and 37 weeks respectively [4]. In reported COVID-19 patients, delivery
generally occurred within one week of diagnosis, making it impossible to assess the long term effect
of transient maternal hypoxemia on fetal growth [39–42].
Guideline 4. Preterm delivery, PPROM and intrauterine fetal distress are potential complications
of maternal COVID-19 infection, possibly caused by maternal hypoxemia. Further research is needed
to confirm a causal relation. Cesarean section rates are vastly higher than in the general population,
partly iatrogenic due to obstetricians’ insecurity.
Guideline 5. Timing of delivery should be determined by a multidisciplinary team, on a case by
case basis, considering maternal and fetal clinical presentation. The rate of admissions of COVID-19
positive pregnant patients to an intensive care unit is similar to the general population (around 5%).
Intensive care management after 24 gestational weeks is more difficult (airway management
problems, fetal monitoring, etc.). Data is currently too limited to give definite general recommendations.
Guideline 6. Intrauterine growth restriction could be one potential long-term complication
among patients recovering from COVID-19 infection, consistent with data obtained during the SARS
epidemic. More data from COVID-19 patients is needed. Therefore, fetal growth should be followed
up in COVID-19 infected pregnant patients. Additional ultrasound evaluation at gestational age 2428-32-36 weeks with biometry, amniotic fluid measurement and assessment of uterine artery Doppler
pulsatility index and midcerebral artery Doppler in case of IUGR <10th percentile) is indicated [45,46].
5. Fetal Risk: Does Vertical Transmission Occur?
When testing amniotic fluid, cord blood and neonatal throat swabs postpartum in six COVID19 infected patients, Chen H et al. found no evidence of intrauterine vertical transmission [39].
Additionally, Liu et al. found no “serological” evidence of vertical transmission in 10 newborns.
However, the method used for serological testing was not described [40]. Zhu et al. also described 10
neonates (8 singleton, 1 twin) with PCR-negative throat swabs for COVID 19 [42]. One case report
based on positive IgM serology in a neonate suggested intrauterine infection [47]. The neonate was
born by cesarean section to a COVID-19 positive mother with positive IgM and IgG antibodies (107.89
AU/mL and 279.72 AU/mL respectively; normal values IgM and IgG < 10 AU/mL). The neonate was
isolated immediately from the mother and 2 h post birth, IgM and IgG titers were 45.83 AU/mL and
140.32 AU/mL respectively. However, five throat-swabs of the neonate for PCR from 2 h until 16 days
post birth were performed to prove infection and were negative for COVID-19. Amniotic fluid, cord
blood or placenta were not tested. Based on these findings, intrauterine infection seems unlikely and
the IgG antibodies were most likely of maternal origin. The IgM result can be false positive, as seen
before in cases of cytomegalovirus infection [48].
Pathology review of three placentas of confirmed COVID-19 positive patients following delivery
by cesarean section showed no signs of villitis and chorio-amnionitis, and all three placental samples
were negative for COVID-19 RNA [49].
Based on these reports, no evidence for intrauterine vertical transmission for COVID-19 in
second or third trimester has been confirmed. These findings are in accordance with the findings
regarding SARS-virus infections [50]. The expression of the ACE-2 receptor, necessary for the viral
intracellular integration of COVID-19, seems to be weak in all cells of the fetal–maternal interface.
This may explain the absence of maternal–fetal transmission across the placenta [10,51].
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Guideline 7. Intrauterine vertical transmission of COVID-19 has so far not been reported, at least
not between 25 and 39 gestational weeks. First trimester complications and teratogenic data do not
exist. Based on the assumption that cells on the fetal–maternal interface are less susceptible to
COVID-19 infection, the risk of first trimester complications is probably low. This message can be
delivered to pregnant patients with COVID-19.
6. Mode of Delivery and Perinatal Transmission Risk: Is Vaginal Birth Safe?
Certain generalized viral infections, such as HIV, predispose to intrapartum neonatal
transmission [39,52]. For COVID-19, data is limited. In one case series three neonates were born
vaginally (one singleton, one set of twins) and throat swabs for PCR at day one of birth were negative
for COVID-19 in all three cases [40]. Another COVID-19 positive patient had negative vaginal swab
testing during delivery [53]. Thus, data suggest no increased risk of perinatal vertical infection
transmission.
All indications for cesarean section in the nine cases reported above were maternal, i.e., fear of
deterioration of COVID-19 pneumonia [39]. Only one case had an additional obstetrical indication
for cesarean section (history of two previous cesarean sections) and two others had additional relative
risk factors (one had pre-eclampsia and one had a history of two intrauterine fetal deaths). Two
cesarean sections were performed for intrauterine fetal distress, suggested to be related to maternal
hypoxemia. In another case report cesarean section was performed at GA 30 weeks due to a
combination of maternal deterioration and fetal distress [41].
Of the reported neonates of COVID-19 positive mothers, half (4/8) were born preterm. Clinical
outcomes in neonates reported seemed to be merely related to prematurity (mostly respiratory
distress). One neonate died probably due to severe asphyxia following severe maternal COVID-19
disease with intensive care admission for multiple organ failure [42].
Guideline 8. Vertical transmission from passing through the birth canal is unlikely, but data are
limited. Hence, if maternal condition is stable and proper fetal monitoring can be assured, vaginal
delivery is preferred.
7. Neonatal Risks: Can Neonates Get COVID-19 after Birth? Is Breastfeeding Safe?
7.1. Postpartum Transmission to Neonates
Postpartum several reports confirm fresh newborns can become infected with COVID-19, the
youngest 30 h postpartum [54]. A review describes three COVID-19 positive neonates with fever,
cough, vomiting of milk and in two cases dyspnea but otherwise stable vital signs [55]. Another
COVID-19 positive neonate showed stable vital signs, no fever or cough, but shortness of breath
together with abnormal chest radiographs and abnormalities of liver function [56]. Considering that
vertical intrauterine infection is unlikely, postpartum droplet or contact transmission from parents
or other care takers to the neonate is the most plausible explanation [11,28,57]. Whether or not
airborne transmission occurs is still not known [29,30].
Guideline 9. Postnatal transmission from parents or other care takers to the neonate is possible.
Hence strict hygienic measures, including masks, hand hygiene and physical distancing (as far as
possible) is recommended.
7.2. Breast Feeding
Breast milk samples of six COVID-19 positive mothers after giving birth showed negative PCR
results [39]. Samples of breast milk of two women during the SARS-epidemic were also negative for
the virus, although these women had most likely already recovered from the infection at time of birth
[34,35]. Guidelines disagree, some indicate breastfeeding is allowed with precaution measures
(RCOG). Alternatively, isolation of the neonate for 14 days is required in a separate neonatology ward
until maternal illness resides in order to protect the neonate against postpartum vertical transmission
(CDC and Chinese guidelines) [1,2,54,58,59].
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Guideline 10. Vertical transmission via breast milk is unlikely. Neonates can be more at risk for
developing (severe) complications of COVID-19 considering their immature immune system, based
on limited data.
Two different approaches are proposed. A: the advantages of mother–child bonding and
breastfeeding (with preventative measures such as wearing a surgical mask, hand-hygiene and
washing the nipples before breastfeeding) outweigh the possible risk of neonatal infection (with the
current limited data suggesting rather mild disease course in neonates) [2]. B: partially based on
guidelines written after SARS and MERS-epidemics. The neonate is isolated on a neonatal ward for
10–14 days for surveillance and remains separated from the mother until clinical illness resides and
precaution measures are lifted, preventing breastfeeding. Since transmission through breast milk
seems unlikely (see above), pumping milk and bottle-feeding can be considered [1,58,60]. Until
further evidence, parents should be counseled about the risks and benefits of both approaches.
8. Diagnostics: How to Diagnose COVID-19 in Pregnancy? Can/Should a CT-Scan Be Performed?
There appears no reason that diagnosis of COVID-19 in pregnancy should be different from the
general population. The threshold for testing pregnant patients presenting with suspicious
symptoms should be low, considering the possibility to provide more close follow-up for fetal and
maternal complications. Hypoxia does not correlate with auscultation nor with chest imaging.
Therefore, pulse oxygen saturation, tachypnea and dyspnea are important clinical signs. However,
note that also silent hypoxia (hypoxia presenting without respiratory distress or dyspnea) has been
reported.
8.1. Polymerase Chain Reaction (PCR) Testing
Ideally, the diagnosis of COVID-19 infection is made by performing nasopharyngeal swabs for
PCR testing in people presenting with suspicious symptoms. It is important to note, that while the
specificity of this PCR is near 100% (few false positive cases), sensitivity is rather low between 66%
and 80% [61]. This could partly be due to sampling error, as deep intranasal and throat swabs are
required but are not always easy to obtain. It is estimated that people with more severe disease may
have higher viral load. Likewise, sampling early in the disease course may have lower sensitivity
than sampling later. Therefore, if the PCR test is negative but suspicion for COVID-19 remains,
ongoing isolation and resampling 24 h to several days later is recommended. In general, two
subsequent negative samples rule out the infection. There is no difference in swabbing or test
performance between pregnant and non-pregnant women.
Guideline 11. The final diagnosis of COVID-19 infection in pregnant women is a deep nasal
and/or throat swab for PCR. As sensitivity of PCR test is estimated between 66% and 88% and thus
around one out of four are false negative, in a suspicious case who tested negative, continued
precaution measures should stay in place and a repeat swab after (minimum) 24 h is recommended.
As both maternal and fetal complications can occur, we advise a low threshold for testing pregnant
women.
8.2. Computed Tomography (CT) Scanning
There have been reports of high sensitivities when conducting CT scanning of the thorax for
early diagnosis of COVID-19, even surpassing the PCR tests [62]. In one study CT scanning was
performed in 15 healthcare workers who were exposed to COVID-19 before they became
symptomatic. Ground glass opacification on CT scan was seen in 14/15 patients. Guan et al. and AIi
et al. found that in patients with a confirmed positive COVID-19 PCR, CT-scan was positive in
840/975 cases and 580/601 cases and thus resulting in sensitivities of 86% and 97%, respectively
[14,61]. However, several problems arise: 1) precise definition of what constitutes a “positive” CT
scan is currently still lacking. 2) Findings are nonspecific, as any viral pneumonia can show similar
findings on CT. 3) Among patients with constitutional symptoms only (fever, myalgia, malaise, etc.
but without respiratory symptoms), a CT scan may be less sensitive (around 50%) [63]. 4) Although
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radiation exposure of CT scanning is low enough not to be harmful for the fetus, especially when
protected by a lead protection covering the abdomen, the exposure of breast tissue to radiation can
still be harmful, increasing breast cancer risk in the future [64,65]. A single chest x-ray, mammogram
and CT-scan exposes the patient to about 0.1 milli-sievert (mSv), 0.4 mSv and 10 mSv, respectively.
This corresponds to the natural background radiation exposure of 10 days, 7 weeks or more than 3
years respectively [66]. When using low dose chest CT, the mean effective radiation dose is 1.4 mSv
(standard deviation = 0.5) and is thus estimated acceptable [67]. Several centers are now applying
routine low dose chest CT scanning for COVID-19 screening of all patients being admitted. This
allows detection of COVID-19 positive patients with high sensitivity (including asymptomatic) and
allows early triage.
Guideline 12. Diagnosis of COVID-19 patients is similar to non-pregnant patients. PCR testing
of nasopharyngeal swabs is routine. However, due to low sensitivity of this test, repeat testing after
a minimum of 24 h is advised in the case of a negative result with clinical findings consistent with
COVID-19. Low dose CT-scanning can also be used as a screening test. Dosages are relatively safe
during pregnancy when abdominal shielding is used. The risks of radiation on the breast tissue are
to be balanced against the benefits of higher sensitivity and possibility of early triage of COVID-19
positive patients upon admission.
8.3. Serologic Testing
Currently no commercial antibody tests are available and approved, and several laboratories are
working to develop reliable serologic tests. Preliminary results of newly developed ELISA-tests and
humoral response have been reported in China and the United States but further research is needed
[68,69]. Using an ELISA-assay in suspected COVID-19 cases with initial negative qPCR, IgM and IgA
antibodies were detected after a median of 5 days (IQR 3-6), and IgG was detected after 14 days (IQR
10-18). The detection efficiency by IgM ELISA is higher than that of the qPCR method after 5.5 days
of symptom onset. Combining IgM ELISA assay with PCR has a higher sensitivity (98.6%) compared
to qPCR test alone (51.9%) [68].
As it is currently unknown how long antibodies against COVID-19 last after primary infection,
repetitive antibody testing will be crucial to assess long term immunity in order to develop future
vaccines. In addition, several COVID-19 strains with different virulence have been reported [70,71].
It is not yet known how fast the virus mutates, creating strains for which previously infected (or
vaccinated) individuals would no longer be immune to. It will be important to include pregnant
woman in vaccination trials, since they are considered a high-risk population [50].
Guideline 13. As soon as serologic tests are available, pregnant women should be tested
primarily. For assessing vaccine efficacy maternal vaccination should be considered early in the
design of these trials.
9. Hospitalization: When to Hospitalize a Pregnant Patient with Suspected or Confirmed COVID19?
All pregnant patients with suspected symptoms should undergo testing. Clinical assessment
will determine the need for hospitalization while awaiting the test results.
We proposed the following criteria for hospitalization in pregnant women based on the
Modified Early Obstetric Warning Score (MEOWS, Table 3), and proposed care for COVID-19
pregnant patients by Peyronnet et al. and Liang H et al. [9, 72–75].
Table 3. Modified early obstetric warning score (MEOWS).
MEOW Score
O2 saturation (%)
Respiratory Rate
(breaths/min)
Heart Rate (beats/minute)
Systolic blood pressure
(mmHg)

3
≤85

2
86–89

1
90–95

<10

≤70

0
≥96

1

2

3

10–14

15–20

21–29

≥30

<40

41–50

51–100

101–110

110–129

≥130

71–80

81–100

101–139

140–149

150–159

≥160
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Diastolic blood pressure
(mmHg)
Diuresis (mL/h)

0
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≤20

Central nervous system
level
Temperature (°C)
MEOWS 0–1
MEOWS 2–3
MEOWS 4–5
MEOWS ≥6

≤49

50–89

90–99

100–109

≤35

35–200

≥200
Response
only to
verbal
stimuli
37.5–38.4

Response
only to
pain
stimuli
≥38.5

Agitated
≤35

35–36

Alert/awake

≥110

No
response

36–37.4
Normal
Abnormal but stable, report findings to health care provider the same day.
Abnormal and unstable, to be evaluated by medical doctor within 30 min.
Abnormal and critical, to be evaluated by medical doctor within 10 min.
© ISIDOG COVID–19 2020 Guidelines

9.1. No Hospitalization
Pregnant with mild disease and no comorbidities (see Table 1 above): symptomatic but absence
of dyspnea and stable vital signs.
The patient will be asked to follow up clinical parameters daily at home: fever, respiratory rate,
blood pressure and fetal movements.
Contact by phone with obstetric health care provider every 48 h for reporting signs and
symptoms or earlier in case of subjective deterioration or abnormal parameters based on MEOWS
reference values (Addendum 1).
9.2. Hospitalization (Referral to Tertiary Centre Depending on Gestational Age and Local Policy)
Pregnant with moderate disease or pregnant with mild disease and comorbidities (Table 1)
A) Acute community acquired pneumonitis with oxygen requirement*:
-desaturation < 96% O2 on ambient air.
-or tachypnea ≥ 21 respirations/minute on ambient air.
-or clinical evident signs of dyspnea.
OR
B) Signs of lower respiratory infection without oxygen requirement but with comorbidities
(Table 1)
Isolation and infection prevention measures to be taken as described below.
9.3. Hospitalization on Intensive Care Unit with Consulting Obstetric Support (Refer to Tertiary Center
Depending on Gestational Age and Local Policy)
A) Pregnant with severe disease: respiratory rate ≥30/min, resting SaO2 <94%, arterial blood
oxygen partial pressure (PaO2)/ oxygen concentration (FiO2) ≤300 mmHg.
OR
B) Pregnant with oxygen requirement (see above) and comorbidities. (Table 1)
OR
C) Pregnant with critical disease: shock with organ failure, respiratory failure requiring
mechanical ventilation or refractory hypoxemia requiring ECMO.
To be determined and managed on a case by case basis by a multidisciplinary team (senior
obstetrician, internal medicine specialist/pulmonologist, intensive care specialist, infectious disease
specialist).
Guideline 14. Pregnant patients need to be assessed according to their respiratory symptoms
severity score and potential presence of comorbidities. In severe/critical cases, immediate referral to
a tertiary center is indicated.
10. Treatment Options: Which Medications for COVID-19 Infection Are Safe to Use When
Attempting Treatment in Pregnant Patients?
10.1. Corticoids
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Clinical evidence does not support the use of corticosteroid treatment for COVID-19 related lung
injury [76]. However, short term administration of corticoids (either betamethasone or
dexamethasone as per local protocol) intramuscularly to improve fetal lung maturity when preterm
delivery is imminent should be considered and is not harmful [9].
10.2. Antivirals
Application of antiviral treatment should be implemented by per region specific protocols. All
protocols are experimental. Current knowledge about antiviral treatment in pregnancy is
summarized below and based on the Belgian interim guidelines consensus paper [77]:
10.2.1. Chloroquine and Hydroxychloroquine
Chloroquine has good in vitro activity against COVID-19 and seems to reduce the duration of
viral shedding. This does not necessarily translate to clinical efficacy (many previous experiences
were disappointing). Clinical trials are ongoing. The therapeutic window is quite narrow
(cardiotoxicity/arrhythmia), requiring caution with higher dosages.
Hydroxychloroquine may be more effective than chloroquine in vitro, so that lower dosages
could be used [78]. Results of Gautret’s study, very recently released, confirm that viral positivity in
respiratory secretions (measured by PCR) is significantly decreased at day 6 in hydroxychloroquinetreated COVID-19 patients (n = 26) versus those with supportive care (n = 16 controls): 30% positivity
versus 87.5%, p < 0.001) [79]. However, the study has several limitations, acknowledged by the
authors. These preliminary results support the current choice of hydroxychloroquine as first-line
treatment. Benefit of additional azithromycin in the study remains controversial [77,79].
General precautions of hydroxychloroquine and chloroquine are lengthening of QTc-interval
and known drug interactions (check at http://www.covid19-druginteractions.org). It is
contraindicated in patients with myasthenia gravis, porphyria, retinal pathology and epilepsy.
Chloroquine has been used for decades (at a total of 25 mg/kg within three days) for malaria
treatment without any monitoring and side effects, including in pregnant women. However,
exposure to high dosages is limited [80]. Long-term daily use of hydroxychloroquine in pregnancy is
not teratogenic. However, this conclusion is based on small case series (low level evidence) [80].
Dosage: Chloroquine base 600 mg (10 mg/kg) at diagnosis and 300 mg (5 mg/kg) 12 h later,
followed by 300 mg (5 mg/kg) twice daily up to day 5, OR Chloroquine phosphate 1000 mg at
diagnosis and 500 mg 12h later, followed by 300 mg twice daily up to day 5.
Hydroxychloroquine 400 mg at diagnosis and 400 mg 12 h later, followed by 200 mg twice daily
up to day 5.
10.2.2. Lopinavir/Ritonavir
Lopinavir/ritonavir is an antiretroviral protease inhibitor used in the treatment of HIV. It does
not provide clinical benefit in hospitalized patients with COVID-19 and has no impact on viral
shedding. This is in line with in vitro experiments with SARS-CoV2 but also SARS-CoV1.
Lopinavir/ritonavir can still be considered a second choice when hydroxychloroquine is
contraindicated.
Lopinavir/ritonavir are known to have potential severe side effects like pancreatitis, arrhythmia,
severe allergic reactions, hepatotoxicity and drug interactions.
Lopinavir/ritonavir associated regimens for HIV treatment in pregnancy seem to have a higher
rate of adverse birth outcomes. After adjustment for maternal age, gravida, and educational
attainment, singleton infants exposed to tenofovir disoproxil-emtricitabine-efavirenz (TDF-FTCEFV) from conception were less likely to have (severe) adverse birth outcome when compared with
infants exposed to tenofovir disoproxil-emtricitabine-lopinavir/ritonavir (TDF-FTC–LPV-R)
(Adjusted Relative Risk ARR, 1.31; 95% CI, 1.13–1.52). The lopinavir/ritonavir group showed a
significantly higher rate of being small for gestational age (<10th percentile) neonates (ARR, 1.56; 95%
CI, 1.25–1.97) [81]. Due to low evidence of efficacy in treating COVID-19 related complications and
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the increased risk for adverse birth outcomes, the use of lopinavir/ritonavir in pregnancy is not
advised. If considered, the advice of an infectious disease and obstetric specialist is needed.
Dosage: lopinavir/ritonavir 400/100 mg (= 2 tablets of 200/50 mg) twice daily for 14 days.
10.2.3. Remdesivir
Currently used only in clinical trials, i.e., safety profile and efficacy need to be further
determined. No data is available in pregnancy.
Guideline 14. As no treatment for COVID-19 is established yet, all drug trials must be considered
experimental, and this message must be given to patients. Corticosteroids only have a place in
prevention of neonatal lung hypoplasia, necrotic enterocolitis and interventricular hemorrhage due
to prematurity. (Hydro)chlorquinine has a reasonable safety profile in pregnancy but general
precautions must be taken into consideration. Antiretrovirals are currently tested in clinical trials but
have no place in pregnancy, unless no other treatment options are available to safe maternal life.
11. Organization of Health Care Facility: How to Organize in- and out-Patient Clinics? Which
Isolation Precautions to Take? What Protective Equipment Is Needed for Health Care Personnel?
11.1. Ambulatory Obstetric Care
Guideline 15. During an epidemic, routine obstetric follow-up consultations should be limited
to the strict minimum in order to minimize exposure risk for both patients and health care providers
(social and physical distancing). We summarized our recommendations in Table 4.
Table 4. Proposed follow-up schedule for pregnant patients in COVID-19 epidemic.
Gestational age

Advised Follow-Up Plan
intake consultation documentation and risk stratification + blood type, complete blood count and
11–13+6d
Weeks
serological testing (as per standard protocol) + clinical parameters + structural ultrasound scan (+/trisomy screening)
clinical parameters + structural ultrasound scan + arranging appointment for glucose challenge test
20–22
Weeks
if indicated (as per country specific protocol) + instructions for alarm symptoms + at home follow
up of blood pressure (BP) at 24 and 28 weeks
glucose challenge test ambulatory (without consultation) as per country specific protocol (general
24–28
weeks
screening or risk selection)
clinical parameters + fetal biometry ultrasound scan + instructions for alarm symptoms + at home
30–32
weeks
follow up of BP 2-weekly
clinical parameters + Group B streptococcal sampling (as per country specific protocol) + delivery
34–36
weeks
planning
+ instructions for alarm symptoms + at home follow up of BP weekly
If a pregnant patient is positive for COVID-19 - routine consultations should be postponed by 14 days.
If a pregnant patient is assessed high risk and needs additional follow-up this needs to be assessed case by case.
We advise partners to be absent for routine consultations, to limit the exposure risk for health care providers.
© ISIDOG COVID-19 2020 Guidelines

Obstetric patients presenting with alarming symptoms for emergency consultation should
contact their obstetric care provider by telephone to determine whether assessment in the hospital is
necessary.
Guideline 16. All pregnant patients contacting a health care provider with symptoms suspected
for COVID-19, should be directed by telephone to a specific COVID-19 triage unit (as per regional
protocol) for further evaluation and testing for COVID-19. Depending on clinical presentation the
patient will be either hospitalized with isolation measures or transferred to home isolation, results
pending.
11.2. Hygiene Preventative Measures
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International guidelines (CDC, ANZICS, WHO, RCOG) disagree on preventative measures to
prevent airborne infection, whether or not to use FFP2/N95 ultra-filtration masks for health care
providers in all contact with (possible) COVID-19 positive patients or only in aerosol producing
procedures [2,3,28–31,57,82,83]. In our opinion, health care providers working in close contact with
COVID-19 suspected or positive patients should always wear full personal protective equipment
(PPE) independent of performing “aerosol producing” procedures (waterproof gown, gloves, glasses
or face shield) with FFP2 or N95 masks instead of surgical masks. Examples for close contact are daily
nutritional assistance, bathing, surgical procedures, in labor and delivery wards or on wards
providing airway care. Implementation depends on country-specific guidelines and availability of
FFP2/N95 masks.
Guideline 17. All health care providers should apply extensive hand hygiene and surface
hygiene protocols, wear gloves when in contact with patients or medical material and consider
wearing a surgical mask to limit infection transmission to the patient, especially if coughing (health
care personnel can be asymptomatic COVID-19 carriers). In the case of any potential signs of illness
related to COVID-19, even if minor, the caregiver should stay home until the symptoms disappear
and tests negative or for a minimum of 14 days if not tested.
Guideline 18. People working in close contact with COVID-19 suspected or proven positive
patients should always wear full personal protective equipment (waterproof gown, gloves, glasses
or face shield and FFP2 or N95 masks). Implementation depends on country-specific guidelines and
availability of FFP2/N95 masks. This includes all (health) care providers and spans a wider extent of
procedures beyond officially recognized “aerosol” producing procedures: all nutritional and bathing
care, all surgical procedures, during labor and especially during delivery or when performing airway
manipulation or care. In all these circumstances airborne transmission could be more likely.
11.3. Assessing Obstetric Emergency in a Potential COVID-19 Infected Patient
Guideline 19. All patients should be asked to call the health care facility prior to visit. The
obstetric health care provider should determine the level of “obstetric emergency” (as by clinical
expertise) and ask about symptoms and possible risk contacts (close contact with people presenting
with COVID-19 related symptoms or tested positive in the last 14 days). This triage determines the
level of precautions taken during hospitalization or delivery (Tables 5, 6, 7).
Table 5. Triage and outpatient action plan according to obstetric risk and COVID-19 infection status.
Action Plan According to Obstetric Risk and Covid-19 Infection Status
Obstetric Emergency
LOW
HIGH
Admission in special isolated room in
COVID-19 triage unit + testing
obstetrical ward
COVID-19 symptoms
Postpone obstetric visit until test
All isolation and protection measures in
result is known
place (see below)
Outpatient visit possible
Restricted visit
Contact COVID-19
only
Patient wears mask and gloves
Outpatient visit possible
No contact/no
Normal obstetric ward admission
symptoms
Hand hygiene + social distance
© ISIDOG COVID-19 2020 Guidelines

11.4. Management of COVID-19: Hospitalization on Obstetric Ward
Table 6. Management of hospitalization on obstetric ward in COVID-19 endemic.
NO COVID-19
symptoms or contact
Contact COVID-19 and/
or symptoms

Normal room on obstetric ward.
Instruction to patient of hygienic measures.
Health care workers: hand hygiene, gloves, surgical mask.
Designated isolation room in obstetric ward (negative pressure if available and at
distance from other obstetric patient’s rooms).
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All personnel entering the room wearing full personal protective equipment
(PPE): waterproof gown, goggles of eye-shield, surgical mask, gloves.
If symptomatic, patient wears surgical mask + hand hygiene.
Cardiotocographic (CTG) monitor and medical material should not leave the
patient’s room.
Limited personnel, PPE trained, who do not give care to other pregnant patients.
No visitors.
All precaution isolation and infection prevention measures stay in place until
COVID-19 test result is known.
© ISIDOG COVID-19 2020 Guidelines

11.5. Labor and delivery ward.
Table 7. Management of hospitalization on obstetric ward in COVID-19 endemic.
All patients upon
admission.
NO COVID-19
symptoms or contact

Contact COVID-19 and/
or symptoms

All referred to a designated triage “isolation room” on the labor and delivery
ward where risk stratification should be done.
Normal labor/delivery room.
Instructions to patient of hygienic measures.
Health care workers: hand hygiene, surface hygiene, gloves, surgical mask.
Designated isolation room in obstetric ward (negative pressure if available and at
distance from other obstetric patient’s rooms).
All personnel entering the room wearing full personal protective equipment
(PPE): waterproof gown, goggles of eye-shield, surgical mask, gloves.
If symptoms, patient wears surgical mask + hand hygiene
Cardiotocographic (CTG) monitor and medical material should not leave the
patient’s room.
Health care providers present at delivery wear full PPE, with FFP2 or N95 mask
(depending on availability).
Same precautions for cesarean section, whether or not general anesthesia is
applied.
No “gentle cesarean section”, as this requires extra personnel and complicates
social distancing and extra use of PPE.
Limited personnel, PPE trained, who do not give care to other pregnant patients
One partner at birth optionally (see below)
All precaution isolation and infection prevention measures stay in place until
COVID-19 test result is known.
© ISIDOG COVID-19 2020 Guidelines

12. Care in labor of COVID-19 positive women.
12.1. Initial Assessment
For all patients with suspicion of COVID-19 upon admission on the labor and delivery ward,
screening tests for COVID-19 are indicated as per local protocol (PCR swab and/or CT scan, maybe
serology in the future). Clinical maternal parameters need to be assessed hourly, based on the
MEOWS score system (Table 3). It is imperative to have monitoring of peripheral oxygen saturation
(aim to keep O2 sat >94%) and respiratory rate (<20/min), fever (aim to keep temperature <38,5°C)
and blood pressure. Healthy pregnant women tend to compensate long with normal oxygen
saturations, thus respiratory rate should be monitored closely.
Even if the COVID-19 infection seems to be the most important finding, care must be taken to
rule out underlying pathologies, such as pre-eclampsia, cardiac pathology, pulmonary embolism, etc.
Screening for coinfection with influenza is also recommended. If indicated, other infections such as
respiratory syncytial virus, mycoplasma, Streptococcus pneumonia and legionella should be tested for.
Bacterial blood cultures should be performed in patients presenting with lower respiratory
symptoms and fever.
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Complete blood count with differential, kidney function with electrolytes including calcium and
magnesium levels, liver function tests (lactate dehydrogenase) and coagulation tests (INR, PTT,
fibrinogen), C-reactive protein and procalcitonin, NT-proBNP, troponin should be done at admission
[84]. D-dimers are generally elevated in pregnancy and thus not reliable [85]. Lymphopenia is
common in COVID-19, but when presenting with increased neutrophil count, bacterial sur-infection
is likely and should be treated accordingly.
Arterial blood gas should be performed in severe cases presenting with desaturation <94%.
Pregnancy related adaptations (respiratory alkalosis with a normal paCO2 of 28–32mmHg) should be
taken into account when interpreting as shown in Table 8 [86,87].
Guideline 20. Assessment and continued follow-up assessment of respiratory function and
general condition of laboring patients with COVID-19 infection are important, with caution to equally
consider other underlying pathologies or alternative diagnoses. It is advised to account for pregnancy
adaptations when oxygen saturation is decreased, in consultation with your pulmonologist.
Table 8. Normal values for arterial blood gases in pregnant and non-pregnant women.
Arterial blood gas
characteristic
pH
Arterial oxygen partial pressure
(PaO2)

Normal Values

Values in Pregnancy

7.34–7.44

7.40–7.46

10–13 kPa

Increased
Unchanged

75–100 mmHg
Arterial carbon dioxide partial
pressure (PaCO2)

4.7–6.0 kPa

3.7–4.2 kPa

Decreased
35–45 mmHg
28–32 mmHg
HCO3- (bicarbonate)
22–26 mEq/L
SBCe (standardized bicarbonate)
21–27 mmol/L
18–21mmol/L
Decreased
Base excess
-2 to +2 mmol/L
Unchanged
kPa = kilopascal, mmHg= millimeters of mercury, mmol = millimol, L = liter, mEq= milliequivalent

12.2. Management during Labor
12.2.1. Position the patient in the left lateral tilt or upright positions to minimize vena cava
compression.
12.2.2. Oxygen with nasal canula or face mask can be used for maternal indications only, as it shows
no intrapartum fetal benefit [88].
12.2.3. Fluid restriction is advised especially in oxygen dependent patients, avoid fluid boluses and
even maintenance infusion [3,31]. Close monitoring of fluid balance is advised and should be close
to zero.
12.2.4. Antibiotic prophylaxis
-GBS-prophylaxis with penicillin G or ampicillin as per local protocol.
-Additionally, prophylaxis for bacterial secondary infection in case of COVID-19 pneumonitis,
generally ceftriaxone 2g I.V. once daily during 5–7 days, is advised. Benefit of additional
azithromycin (covering atypical bacteria) was proposed improving outcomes in patients using
hydroxychloroquine as antiviral treatment, but results are controversial (azithromycin 500 mg
loading dose, then 250 mg once daily for four days) [77,79,84].
12.2.5. Antiviral Treatment
To be applied based on local protocol. In case (hydroxy)chloroquine is used, toxicity should be
closely monitored with daily electrocardiogram (QTc-prolongation), glucose monitoring every 4 h
and daily laboratory tests (complete blood count, liver and kidney function, electrolytes) [77,84].
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Guideline 21. Symptomatic COVID-19 infected patients are considered high risk, especially
when pregnant. Oxygen therapy is indicated to keep oxygen saturation ≥94%, fluid restriction with a
fluid balance close to zero is advised, antibiotic prophylaxis should be applied for preventing
secondary infection in case of COVID-19 pneumonia, based on local protocol. Antiviral treatment (if
applied, preferably hydroxychloroquine) can be given and should be based on local protocol. Close
monitoring in that case is warranted.
12.2.6. Obstetric Medications and Safety Profiles
See Table 9 [89–96].
Guideline 22. When using specific obstetric medication in COVID-19 patients, specific
interactions may occur. This requires special caution and close observation. Recommendations are
summarized in Table 9.
Table 9. Recommendations for use of obstetric medication in COVID-19 patients.
Indication

Medication Class

Examples

Use in
COVID-19

Fetal maturation

Corticoids

Betamethasone,
Dexamethasone

Yes

Neuroprotection

Membrane
stabilising salt

Magnesium
sulfate

Yes

Nonsteroidal antiinflammatory
Drugs

Indomethacine

No

Calciumantagonists

Nifedipine

Yes

Beta2-agonists

Salbutamol,
Ritodrine

Preferably
No

Oxytocin
antagonist

Atosiban

Yes

Prostaglandins

Prostaglandin
E2,
Misoprostol,
Sulproston

Yes

Oxytocin receptor
agonists

Oxytocin,
Carbetocine

Yes

Serotonergic,
dopaminergic, αadrenergic
(ant)agonist

Methylergomet
rine

No

Inhibitor of
trombolysis

Tranexamic
acid

Yes

Tocolytic drugs

Uterotonic drugs

Hemostatic
drugs

Precautions/Remarks
Viral clearance of COVID19 may be
delayed, though short-term
treatment is assumed to be safe.
Toxicity should be monitored
(therapeutic range of 4.8 to 8.4
mg/dL OR 2.0 to 3.5 mmol/L).
Magnesium is known to cause
respiratory suppression. One of the
first signs of toxicity is hyporeflexia.
NSAIDS increase the expression of
ACE-2 receptors and are therefore
not recommended in COVID19
patients.
No contraindications based on
medication characteristics have
been reported.
Risk of fluid overload by causing
hypotension and fluid resuscitation.
No contraindications based
on medication characteristics have
been reported.
No contraindications based on
medication characteristics have
been reported.
Risk of fluid overload because of
inducing cardiovascular changes
and ADH-like properties, especially
when high doses or boluses. *
Risk of pulmonary edema has
been reported, therefore use in
COVID-19 patients is not
recommended.
No contraindications based on
medication characteristics have
been reported.

* Oxytocin dosages estimated to be safe:
Active third stage of labor: A bolus of 5 international units (IU) at time of delivery of the first shoulder.
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Uterine atony: A second slow bolus of 10IU oxytocin after 15 min or continuous oxytocin infusion of 10 IU/h
in case (maximum of 60 IU/24 h).
Abbreviations: ACE-2: angiotensin converting enzyme-2, ADH: antidiuretic hormone.
© ISIDOG COVID-19 2020 Guidelines

12.3. Induction of Labor
Inductions of labor for medical indications should not be postponed. In case of indication for
induction of labor, all COVID-19 suspected patients should be screened according to their level of
emergency upon admission, as discussed in the former chapter. If the patient is stable, she will be
asked to go home and return for induction when test results are known. If obstetric emergency: admit
to ward in isolation and treat as possible COVID-19 positive until screening results are known.
If COVID-19 is diagnosed early in the disease course in a term pregnancy, induction of labor is
indicated to avoid complications, considering the severity of the disease generally peaks in the second
week [95]. Maternal condition is primary to fetal condition, and in case of deteriorating maternal
condition an expedited delivery is urged. It should not be delayed in order to complete fetal lung
maturation. Where possible vaginal birth should be attempted.
Prostaglandins and Foley catheters can be used according to the local protocol [95]. Oxytocin,
however, has to be used with care, as it is associated with an increased risk of fluid overload when
administered in bolus or in high dosages, which can worsen critical cases of COVID-19 [89–91,93].
Guideline 23. Induction of labor in suspected COVID-19 positive cases for medical or obstetric
indications should not be postponed. Depending on the urgency, COVID-19 test results should
preferably be obtained before admitting the patient to the hospital. Induction methods can be used
as per protocol, but extreme care is warranted in not using overly high dosages or boluses of oxytocin
due to the risk of fluid overload and cardiovascular decompensation in critically ill patients.
12.4. Delivery Care
Limit the number of people in the room.
Everybody should be trained in donning and doffing PPE (see above) [29,30,82].
Every “isolation” delivery room should have a basic provision of the following equipment that
stays in the room until after delivery: a delivery set, CTG or Doppler monitor, a monitor for maternal
vital signs including saturation, material for vacuum extraction and/or forceps, suturing material,
provision for intravenous access and fluid administration, urinary single use and Foley catheters,
oxygen masks, nasal cannula, a Bakri-balloon (depending on availability and local protocol), a
stethoscope and an adult ventilation balloon with mask. It should also contain a basic medication set
containing oxytocin, prostaglandins (when used in treatment of postpartum hemorrhage),
tranexamic acid, penicillin or ampicillin, ceftriaxone, magnesium sulfate bolus dose, glucose 50%,
lidocaine or related medications for local anesthesia, epinephrine and crystalloid fluids.
Neonatologist should be present at birth since neonatal complications can occur. The
neonatology team should be alerted sufficiently ahead of time to allow time for donning of PPE.
Guideline 24. Limit the people at delivery as much as possible and make sure everyone present
is trained in donning and doffing of PPE. A (neonatology) team member trained in newborn
resuscitation should be present in case neonatal complications occur and should be alerted
sufficiently ahead of time to allow time for donning of PPE.
12.5. Third Stage of Labor and Postpartum
Prostaglandins are safe to use in COVID-19 patients, but further evidence is needed to confirm.
Oxytocin can be used with care in COVID-19 patients (see above). A bolus of five international
units (IU) at time of delivery of the first shoulder for active management of labor can be safely used.
A second slow bolus of 10IU oxytocin can be applied and continuous oxytocin infusion of 10 IU/h
until a maximum of 60IU/24 h in case of uterine atony should also be safe to use.
Methylergometrine should not be used in COVID-19 patients, since cases of acute respiratory
failure following the administration have been reported [92,94].
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Tranexamic acid is safe in COVID-19 patients, based on medication characteristics. Further
evidence is needed to confirm.
Delayed cord clamping is not advised until more research confirms the finding of absent vertical
transmission.
A separate “isolation room” for the evaluation and resuscitation of neonates born to COVID-19
positive mothers should be installed. Depending on local policy the neonate will be isolated in the
neonatology ward or remain with the mother after birth (as discussed earlier).
Guideline 25. During postpartum, be careful with oxytocin and do not use methylergomethrine
for management of uterine atony. Evaluate the neonate immediately after birth in a COVID-19
designed isolated resuscitation room. Depending on local protocol, the neonate will remain in
isolation in the neonatology ward or will be reunited with the mother.
12.6. Analgesia in Labor
12.6.1. Peridural/Spinal (Neuraxial) Anesthesia
-Neuraxial anesthesia is not contraindicated in COVID-19 [2].
-The possibility of thrombocytopenia due to COVID-19 should be ruled out.
-Decide in time for neuraxial anesthesia to minimize (the more frequent) need for general
anesthesia in the event of emergency cesarean section.
12.6.2. Inhalation Sedatives (Nitric Oxide, etc.)
Inhalation sedatives should be avoided in COVID-19 since it increases the risk of forming
aerosols, potentially increasing the risk of exposure for health care providers.
12.6.3. Opioid Pump Analgesia
Should be avoided in COVID-19 since respiratory suppression can occur.
12.6.4. General Anesthesia
General anesthesia should be avoided when possible since intubation increases the risk of
creating aerosols, potentially increasing the risk of exposure for health care providers.
Guideline 26. Peridural/spinal analgesia is preferred. Inhalation or general anesthesia should be
avoided.
13. Partners of a Suspected or Confirmed COVID-19 Positive Woman: Can a Partner Be Present at
Birth? Can a Partner Visit the Patient?
(Household) partners of patients presenting with symptoms, with a possible risk contact or
confirmed COVID-19 positive will be considered and treated as COVID-19 positive.
Guideline 27. A partner of a COVID-19 positive woman must be considered COVID-19 positive.
Whether a partner can be present at birth should depend on local policy and availability of personal
protective equipment. It is imperative to minimize the risk exposure of the health care personnel
present.
Appendix A
ISIDOG COVID-19 Guideline Workgroup: Jack Sobel (Detroit, USA), Jorma Paavonen
(Helsinki, Finland), Per-Goran Larson (Lund, Sweden), Jack Ravel (Baltimore, USA), Albert
Adriaanse (Alkmaar, Netherlands), Daniel Surbek (Bern, Switserland), Dace Rezeberga (Latvia,
Latvia), Francesco DeSeta (Trieste, Italy), Ruta Nadisauskiene (Lithuanian University of Health
Sciences, Lithuania), Yves Jacquemyn (Antwerp, Belgium), Ljubomir Petricevic (Vienna, Austria),
Tatiana Ivanova-Rumantseva (Moscou, Russia).

Diagnostics 2019, 9, x FOR PEER REVIEW

18 of 22

Acknowledgement: We sincerely thank Dr Benjamin Hershberg, PhD, for his excellent linguistic review of this
paper.
Funding: This research received no external funding
Conflicts of Interest: None of the authors declare any conflict of interest.

References
1.

2.

3.

4.
5.

6.

7.
8.

9.
10.

11.
12.
13.

14.
15.

16.

17.

18.

CDC. Centres for disease control and prevention: Interim considerations for infection prevention and
control of coronavirus disease 2019 (covid-19) in inpatient obstetric healthcare settings.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/inpatient-obstetric-healthcare-guidance.html, 2020.
RCOG. Royal college of obstetrics and gynaecology: Coronavirus (covid-19) infection in pregnancy.
Information
for
healthcare
professionals.
Version
4.
https://www.rcog.org.uk/globalassets/documents/guidelines/2020-03-21-covid19-pregnancyguidance-2118.pdf, 2020.
AZNICS. The australian and new zealand intensive care society: Covid-19 guidelines version 1.
http://cec.health.nsw.gov.au/__data/assets/pdf_file/0004/572512/ANZICS-COVID-19-GuidelinesVersion-1.pdf, 2020.
Wong, S.F.; Chow, K.M.; de Swiet, M. Severe acute respiratory syndrome and pregnancy. BJOG 2003,
110, 641-642.
Lam, C.M.; Wong, S.F.; Leung, T.N.; Chow, K.M.; Yu, W.C.; Wong, T.Y.; Lai, S.T.; Ho, L.C. A casecontrolled study comparing clinical course and outcomes of pregnant and non-pregnant women with
severe acute respiratory syndrome. Bjog 2004, 111, 771-774.
Assiri, A.; Abedi, G.R.; Al Masri, M.; Bin Saeed, A.; Gerber, S.I.; Watson, J.T. Middle east respiratory
syndrome coronavirus infection during pregnancy: A report of 5 cases from saudi arabia. Clin Infect
Dis 2016, 63, 951-953.
Malik, A.; El Masry, K.M.; Ravi, M.; Sayed, F. Middle east respiratory syndrome coronavirus during
pregnancy, abu dhabi, united arab emirates, 2013. Emerg Infect Dis 2016, 22, 515-517.
Alfaraj, S.H.; Al-Tawfiq, J.A.; Memish, Z.A. Middle east respiratory syndrome coronavirus (mers-cov)
infection during pregnancy: Report of two cases & review of the literature. J Microbiol Immunol Infect
2019, 52, 501-503.
Liang, H.; Acharya, G. Novel corona virus disease (covid-19) in pregnancy: What clinical
recommendations to follow? Acta Obstet Gynecol Scand 2020, 99, 439-442.
Hamming, I.; Timens, W.; Bulthuis, M.L.; Lely, A.T.; Navis, G.; van Goor, H. Tissue distribution of ace2
protein, the functional receptor for sars coronavirus. A first step in understanding sars pathogenesis. J
Pathol 2004, 203, 631-637.
del Rio, C.; Malani, P.N. Covid-19—new insights on a rapidly changing epidemic. JAMA 2020.
Arentz, M.; Yim, E.; Klaff, L.; Lokhandwala, S.; Riedo, F.X.; Chong, M.; Lee, M. Characteristics and
outcomes of 21 critically ill patients with covid-19 in washington state. Jama 2020.
Chen, N.; Zhou, M.; Dong, X.; Qu, J.; Gong, F.; Han, Y.; Qiu, Y.; Wang, J.; Liu, Y.; Wei, Y., et al.
Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in
wuhan, china: A descriptive study. Lancet 2020, 395, 507-513.
Guan, W.J.; Ni, Z.Y.; Hu, Y.; Liang, W.H.; Ou, C.Q.; He, J.X.; Liu, L.; Shan, H.; Lei, C.L.; Hui, D.S.C., et
al. Clinical characteristics of coronavirus disease 2019 in china. N Engl J Med 2020.
Yang, W.; Cao, Q.; Qin, L.; Wang, X.; Cheng, Z.; Pan, A.; Dai, J.; Sun, Q.; Zhao, F.; Qu, J., et al. Clinical
characteristics and imaging manifestations of the 2019 novel coronavirus disease (covid-19):A multicenter study in wenzhou city, zhejiang, china. J Infect 2020.
Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X., et al. Clinical
course and risk factors for mortality of adult inpatients with covid-19 in wuhan, china: A retrospective
cohort study. Lancet 2020.
Wang, D.; Hu, B.; Hu, C.; Zhu, F.; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y., et al.
Clinical characteristics of 138 hospitalized patients with 2019 novel coronavirus-infected pneumonia
in wuhan, china. Jama 2020.
Bienkov, A. Sudden loss of smell could indicate ‘hidden carriers’ of coronavirus, say uk experts Science
Alert 2020.

Diagnostics 2019, 9, x FOR PEER REVIEW

19.
20.
21.

22.

23.
24.
25.
26.

27.
28.

29.

30.

31.

32.

33.
34.
35.
36.
37.
38.

39.

40.

19 of 22

Pan, X.; Chen, D.; Xia, Y.; Wu, X.; Li, T.; Ou, X.; Zhou, L.; Liu, J. Asymptomatic cases in a family cluster
with sars-cov-2 infection. The Lancet Infectious Diseases 2020, 20, 410-411.
Jamieson, D.J.; Theiler, R.N.; Rasmussen, S.A. Emerging infections and pregnancy. Emerg Infect Dis
2006, 12, 1638-1643.
Sargent, I.L.R., C. . Immunobiologic adaptations of pregnancy. In Medicine of the fetus and mother.,
Reece, E.A., Hobbins.,J.C.,Mahoney,M.J.,Petrie,R.H., Ed. JB Lippincott Company: Philadelphia, USA,
1992; pp 317-327.
Schwartz, D.A. Being pregnant during the kivu ebola virus outbreak in dr congo: The rvsv-zebov
vaccine and its accessibility by mothers and infants during humanitarian crises and in conflict areas.
Vaccines (Basel) 2020, 8.
HARRIS, J.W. Influenza occurring in pregnant women: A statistical study of thirteen hundred and fifty
cases. Journal of the American Medical Association 1919, 72, 978-980.
Rao, A.R.; Prahlad, I.; Swaminathan, M.; Lakshmi, A. Pregnancy and smallpox. J Indian Med Assoc 1963,
40, 353-363.
Price, M.E.; Fisher-Hoch, S.P.; Craven, R.B.; McCormick, J.B. A prospective study of maternal and fetal
outcome in acute lassa fever infection during pregnancy. Bmj 1988, 297, 584-587.
Mupapa, K.; Mukundu, W.; Bwaka, M.A.; Kipasa, M.; De Roo, A.; Kuvula, K.; Kibadi, K.; Massamba,
M.; Ndaberey, D.; Colebunders, R., et al. Ebola hemorrhagic fever and pregnancy. J Infect Dis 1999, 179
Suppl 1, S11-12.
Peng, P.W.H.; Ho, P.L.; Hota, S.S. Outbreak of a new coronavirus: What anaesthetists should know. Br
J Anaesth 2020.
van Doremalen, N.; Bushmaker, T.; Morris, D.H.; Holbrook, M.G.; Gamble, A.; Williamson, B.N.;
Tamin, A.; Harcourt, J.L.; Thornburg, N.J.; Gerber, S.I., et al. Aerosol and surface stability of sars-cov2 as compared with sars-cov-1. N Engl J Med 2020.
N., G. Who reviews ‘current’ evidence on coronavirus transmission through air.
https://www.npr.org/2020/03/28/823292062/who-reviews-available-evidence-on-coronavirustransmission-through-air?t=1585737986128, 2020.
WHO. World health organisation: Modes of transmission of virus causing covid-19: Implications for
ipc precaution recommendations . https://www.who.int/publications-detail/modes-of-transmissionof-virus-causing-covid-19-implications-for-ipc-precaution-recommendations, 2020.
Alhazzani, W.; Møller, M.H.; Arabi, Y.M.; Loeb, M.; Gong, M.N.; Fan, E.; Oczkowski, S.; Levy, M.M.;
Derde, L.; Dzierba, A., et al. Surviving sepsis campaign: Guidelines on the management of critically ill
adults with coronavirus disease 2019 (covid-19). Intensive Care Medicine 2020.
Yu, P.; Zhu, J.; Zhang, Z.; Han, Y. A familial cluster of infection associated with the 2019 novel
coronavirus indicating possible person-to-person transmission during the incubation period. The
Journal of Infectious Diseases 2020.
Kampf, G. Efficacy of ethanol against viruses in hand disinfection. J Hosp Infect 2018, 98, 331-338.
Robertson, C.A.; Lowther, S.A.; Birch, T.; Tan, C.; Sorhage, F.; Stockman, L.; McDonald, C.; Lingappa,
J.R.; Bresnitz, E. Sars and pregnancy: A case report. Emerg Infect Dis 2004, 10, 345-348.
Stockman, L.J.; Lowther, S.A.; Coy, K.; Saw, J.; Parashar, U.D. Sars during pregnancy, united states.
Emerg Infect Dis 2004, 10, 1689-1690.
Alserehi, H.; Wali, G.; Alshukairi, A.; Alraddadi, B. Impact of middle east respiratory syndrome
coronavirus (mers-cov) on pregnancy and perinatal outcome. BMC Infect Dis 2016, 16, 105.
Munnur, U.; de Boisblanc, B.; Suresh, M.S. Airway problems in pregnancy. Crit Care Med 2005, 33,
S259-268.
Mushambi, M.C.; Kinsella, S.M.; Popat, M.; Swales, H.; Ramaswamy, K.K.; Winton, A.L.; Quinn, A.C.;
Obstetric Anaesthetists, A.; Difficult Airway, S. Obstetric anaesthetists’ association and difficult airway
society guidelines for the management of difficult and failed tracheal intubation in obstetrics.
Anaesthesia 2015, 70, 1286-1306.
Chen, H.; Guo, J.; Wang, C.; Luo, F.; Yu, X.; Zhang, W.; Li, J.; Zhao, D.; Xu, D.; Gong, Q., et al. Clinical
characteristics and intrauterine vertical transmission potential of covid-19 infection in nine pregnant
women: A retrospective review of medical records. Lancet 2020, 395, 809-815.
Liu, Y.; Chen, H.; Tang, K.; Guo, Y. Clinical manifestations and outcome of sars-cov-2 infection during
pregnancy. J Infect 2020.

Diagnostics 2019, 9, x FOR PEER REVIEW

41.
42.
43.

44.
45.

46.

47.
48.

49.

50.

51.
52.
53.
54.

55.
56.
57.
58.

59.
60.

61.

20 of 22

Wang, X.; Zhou, Z.; Zhang, J.; Zhu, F.; Tang, Y.; Shen, X. A case of 2019 novel coronavirus in a pregnant
woman with preterm delivery. Clin Infect Dis 2020.
Zhu, H.; Wang, L.; Fang, C.; Peng, S.; Zhang, L.; Chang, G.; Xia, S.; Zhou, W. Clinical analysis of 10
neonates born to mothers with 2019-ncov pneumonia. Transl Pediatr 2020, 9, 51-60.
Wu, Z.; McGoogan, J.M. Characteristics of and important lessons from the coronavirus disease 2019
(covid-19) outbreak in china: Summary of a report of 72314 cases from the chinese center for disease
control and prevention. Jama 2020.
Moore, L.G.; Charles, S.M.; Julian, C.G. Humans at high altitude: Hypoxia and fetal growth. Respir
Physiol Neurobiol 2011, 178, 181-190.
Meher, S.; Hernandez-Andrade, E.; Basheer, S.N.; Lees, C. Impact of cerebral redistribution on
neurodevelopmental outcome in small-for-gestational-age or growth-restricted babies: A systematic
review. Ultrasound Obstet Gynecol 2015, 46, 398-404.
Monteith, C.; Flood, K.; Pinnamaneni, R.; Levine, T.A.; Alderdice, F.A.; Unterscheider, J.; McAuliffe,
F.M.; Dicker, P.; Tully, E.C.; Malone, F.D., et al. An abnormal cerebroplacental ratio (cpr) is predictive
of early childhood delayed neurodevelopment in the setting of fetal growth restriction. Am J Obstet
Gynecol 2019, 221, 273.e271-273.e279.
Dong, L.; Tian, J.; He, S.; Zhu, C.; Wang, J.; Liu, C.; Yang, J. Possible vertical transmission of sars-cov2 from an infected mother to her newborn. JAMA 2020.
Park, J.M.; Shin, J.I.; Lee, J.S.; Jang, Y.H.; Kim, S.H.; Lee, K.H.; Lee, C.H. False positive immunoglobulin
m antibody to cytomegalovirus in child with infectious mononucleosis caused by epstein-barr virus
infection. Yonsei Med J 2009, 50, 713-716.
Chen, S.; Huang, B.; Luo, D.J.; Li, X.; Yang, F.; Zhao, Y.; Nie, X.; Huang, B.X. [pregnant women with
new coronavirus infection: A clinical characteristics and placental pathological analysis of three cases].
Zhonghua Bing Li Xue Za Zhi 2020, 49, E005.
Schwartz, D.A.; Graham, A.L. Potential maternal and infant outcomes from (wuhan) coronavirus 2019ncov infecting pregnant women: Lessons from sars, mers, and other human coronavirus infections.
Viruses 2020, 12.
Zheng Qing-Liang, D.T., Jin Li-Ping. Single-cell rna expression profiling of ace2 and axl in the human
maternal – fetal interface. . Reproductive and Development Medicine 2020.
Kennedy, C.E.; Yeh, P.T.; Pandey, S.; Betran, A.P.; Narasimhan, M. Elective cesarean section for women
living with hiv: A systematic review of risks and benefits. Aids 2017, 31, 1579-1591.
Fan, C.; Lei, D.; Fang, C.; Li, C.; Wang, M.; Liu, Y.; Bao, Y.; Sun, Y.; Huang, J.; Guo, Y., et al. Perinatal
transmission of covid-19 associated sars-cov-2: Should we worry? Clin Infect Dis 2020.
Wang, L.; Shi, Y.; Xiao, T.; Fu, J.; Feng, X.; Mu, D.; Feng, Q.; Hei, M.; Hu, X.; Li, Z., et al. Chinese expert
consensus on the perinatal and neonatal management for the prevention and control of the 2019 novel
coronavirus infection (first edition). Ann Transl Med 2020, 8, 47.
Lu, Q.; Shi, Y. Coronavirus disease (covid-19) and neonate: What neonatologist need to know. J Med
Virol 2020.
Steinbuch, Y. Chinese baby tests positive for coronavirus 30 h after birth.
https://nypost.com/2020/02/05/chinese-baby-tests-positive-for-coronavirus-30-h-after-birth/, 2020.
Shiu, E.Y.C.; Leung, N.H.L.; Cowling, B.J. Controversy around airborne versus droplet transmission
of respiratory viruses: Implication for infection prevention. Curr Opin Infect Dis 2019, 32, 372-379.
NHCPRC. National health commission of the people’s republic of china: Notice on strengthening
maternal disease treatment and safe midwifery during the prevention and control of new coronavirus
pneumonia. . http://www.nhc.gov.cn/xcs/zhengcwj/202002/4f80657b346e4d6ba76e2cfc3888c630.shtml,
2020.
Qiao, J. What are the risks of covid-19 infection in pregnant women? Lancet 2020, 395, 760-762.
Maxwell, C.; McGeer, A.; Tai, K.F.Y.; Sermer, M. No. 225-management guidelines for obstetric patients
and neonates born to mothers with suspected or probable severe acute respiratory syndrome (sars). J
Obstet Gynaecol Can 2017, 39, e130-e137.
Ai, T.; Yang, Z.; Hou, H.; Zhan, C.; Chen, C.; Lv, W.; Tao, Q.; Sun, Z.; Xia, L. Correlation of chest ct and
rt-pcr testing in coronavirus disease 2019 (covid-19) in china: A report of 1014 cases. Radiology 2020,
200642.

Diagnostics 2019, 9, x FOR PEER REVIEW

62.

63.
64.
65.
66.
67.

68.
69.

70.
71.

72.
73.

74.
75.

76.
77.

78.

79.

80.
81.

82.

21 of 22

Shi, H.; Han, X.; Jiang, N.; Cao, Y.; Alwalid, O.; Gu, J.; Fan, Y.; Zheng, C. Radiological findings from 81
patients with covid-19 pneumonia in wuhan, china: A descriptive study. The Lancet Infectious Diseases
2020, 20, 425-434.
Kanne, J.P.; Little, B.P.; Chung, J.H.; Elicker, B.M.; Ketai, L.H. Essentials for radiologists on covid-19:
An update—radiology scientific expert panel. Radiology 0, 200527.
Lahham, A.; H, A.L.; Kameel, S. Estimation of female radiation doses and breast cancer risk from chest
ct examinations. Radiat Prot Dosimetry 2018, 179, 303-309.
Jain, C. Acog committee opinion no. 723: Guidelines for diagnostic imaging during pregnancy and
lactation. Obstet Gynecol 2019, 133, 186.
ACS. American cancer society: Understanding radiation risk from imaging tests. (1 April 2020),
Larke, F.J.; Kruger, R.L.; Cagnon, C.H.; Flynn, M.J.; McNitt-Gray, M.M.; Wu, X.; Judy, P.F.; Cody, D.D.
Estimated radiation dose associated with low-dose chest ct of average-size participants in the national
lung screening trial. AJR Am J Roentgenol 2011, 197, 1165-1169.
Guo, L.; Ren, L.; Yang, S.; Xiao, M.; Chang; Yang, F.; Dela Cruz, C.S.; Wang, Y.; Wu, C.; Xiao, Y., et al.
Profiling early humoral response to diagnose novel coronavirus disease (covid-19). Clin Infect Dis 2020.
Amanat, F.; Nguyen, T.; Chromikova, V.; Strohmeier, S.; Stadlbauer, D.; Javier, A.; Jiang, K.; AsthagiriArunkumar, G.; Polanco, J.; Bermudez-Gonzalez, M., et al. A serological assay to detect sars-cov-2
seroconversion in humans. medRxiv 2020, 2020.2003.2017.20037713.
Tang, X.; Wu, C.; Li, X.; Song, Y.; Yao, X.; Wu, X.; Duan, Y.; Zhang, H.; Wang, Y.; Qian, Z., et al. On the
origin and continuing evolution of sars-cov-2. National Science Review 2020.
Xu, X.-W.; Wu, X.-X.; Jiang, X.-G.; Xu, K.-J.; Ying, L.-J.; Ma, C.-L.; Li, S.-B.; Wang, H.-Y.; Zhang, S.; Gao,
H.-N., et al. Clinical findings in a group of patients infected with the 2019 novel coronavirus (sars-cov2) outside of wuhan, china: Retrospective case series. BMJ 2020, 368, m606.
Singh, S.; McGlennan, A.; England, A.; Simons, R. A validation study of the cemach recommended
modified early obstetric warning system (meows)*. Anaesthesia 2012, 67, 12-18.
Isaacs, R.A.; Wee, M.Y.; Bick, D.E.; Beake, S.; Sheppard, Z.A.; Thomas, S.; Hundley, V.; Smith, G.B.; van
Teijlingen, E.; Thomas, P.W. A national survey of obstetric early warning systems in the united
kingdom: Five years on. Anaesthesia 2014, 69, 687-692.
Blumenthal, E.A.; Hooshvar, N.; McQuade, M.; McNulty, J. A validation study of maternal early
warning systems: A retrospective cohort study. Am J Perinatol 2019, 36, 1106-1114.
Peyronnet, V.; Sibiude, J.; Deruelle, P.; Huissoud, C.; Lescure, X.; Lucet, J.C.; Mandelbrot, L.; Nisand,
I.; Vayssiere, C.; Yazpandanah, Y., et al. [infection with sars-cov-2 in pregnancy. Information and
proposed care. Cngof.]. Gynecol Obstet Fertil Senol 2020.
Russell, C.D.; Millar, J.E.; Baillie, J.K. Clinical evidence does not support corticosteroid treatment for
2019-ncov lung injury. The Lancet 2020, 395, 473-475.
Van Ierssel, S.D., N; Bottieau, E; Huits, R; Wyndham-Thomas, C; Van Loock, R. Interim clinical
guidance for patients suspected of/confirmed with covid-19 in belgium. Version 5.
https://epidemio.wiv-isp.be/ID/Documents/Covid19/COVID19_Interimguidelines_Treatment_ENG.pdf, 2020.
Yao, X.; Ye, F.; Zhang, M.; Cui, C.; Huang, B.; Niu, P.; Liu, X.; Zhao, L.; Dong, E.; Song, C., et al. In vitro
antiviral activity and projection of optimized dosing design of hydroxychloroquine for the treatment
of severe acute respiratory syndrome coronavirus 2 (sars-cov-2). Clin Infect Dis 2020.
Gautret, P.; Lagier, J.C.; Parola, P.; Hoang, V.T.; Meddeb, L.; Mailhe, M.; Doudier, B.; Courjon, J.;
Giordanengo, V.; Vieira, V.E., et al. Hydroxychloroquine and azithromycin as a treatment of covid-19:
Results of an open-label non-randomized clinical trial. Int J Antimicrob Agents 2020, 105949.
LAREB. Bijwerkingen centrum lareb. Dutch surveillance and knowlegde centre for drug related
adverse effects in pregnancy and lactation. (26 March 2020),
Zash, R.; Jacobson, D.L.; Diseko, M.; Mayondi, G.; Mmalane, M.; Essex, M.; Petlo, C.; Lockman, S.;
Makhema, J.; Shapiro, R.L. Comparative safety of antiretroviral treatment regimens in pregnancy.
JAMA Pediatr 2017, 171, e172222.
CDC. Centers for disease control and prevention: Interim infection prevention and control
recommendations for patients with suspected or confirmed coronavirus disease 2019 (covid-19) in
healthcare
settings.
https://www.cdc.gov/coronavirus/2019-ncov/infection-control/controlrecommendations.html, 2020.

Diagnostics 2019, 9, x FOR PEER REVIEW

83.

84.
85.
86.
87.

88.
89.
90.

91.
92.

93.

94.

95.
96.

22 of 22

WHO. World health organization: Rational use of personal protective equipment (ppe) for coronavirus
disease (covid-19) interim guidance. https://apps.who.int/iris/bitstream/handle/10665/331498/WHO2019-nCoV-IPCPPE_use-2020.2-eng.pdf, 2020.
BWH. Brigham and women’s hospital covid-19 critical care clinical guidelines
https://www.covidprotocols.org/, 2020.
Choi, H.; Krishnamoorthy, D. The diagnostic utility of d-dimer and other clinical variables in pregnant
and post-partum patients with suspected acute pulmonary embolism. Int J Emerg Med 2018, 11, 10.
Lim, V.S.; Katz, A.I.; Lindheimer, M.D. Acid-base regulation in pregnancy. Am J Physiol 1976, 231, 17641769.
C., P.-B.S.H. Recognising the seriously sick patient. Appendix 4a blood gas interpretation and
radiology in the pregnant woman. In Moet managing obstetric emergencies and trauma, Third ed.;
Cambridge University Press: 2014; pp 34-36.
Hamel, M.S.; Anderson, B.L.; Rouse, D.J. Oxygen for intrauterine resuscitation: Of unproved benefit
and potentially harmful. Am J Obstet Gynecol 2014, 211, 124-127.
Woodhouse, D.R. Water intoxication associated with high dose syntocinon infusion. Med J Aust 1980,
1, 34.
Thomas, T.A.; Cooper, G.M. Maternal deaths from anaesthesia. An extract from why mothers die 19971999, the confidential enquiries into maternal deaths in the united kingdom. Br J Anaesth 2002, 89, 499508.
Thomas, J.S.; Koh, S.H.; Cooper, G.M. Haemodynamic effects of oxytocin given as i.V. Bolus or infusion
on women undergoing caesarean section. Br J Anaesth 2007, 98, 116-119.
Isobe, K.; Iwata, M.; Ishida, F.; Kaburaki, K.; Gocho, K.; Muramatu, Y.; Sakaguchi, S.; Satou, D.; Sano,
G.; Kusano, E., et al. [a case of pulmonary alveolar hemorrhage caused by methylergometrine]. Nihon
Kokyuki Gakkai Zasshi 2008, 46, 1007-1012.
In, J.H.; Choi, J.W.; Jung, H.S.; Lee, J.A.; Joo, J.D.; Kim, D.W.; Jeon, Y.S.; Park, J.S. Severe hypotension
and water intoxication developed after an accidental oxytocin overdose in a morbidly obese patient
undergoing cesarean section -a case report. Korean J Anesthesiol 2011, 60, 290-293.
Kim, I.; Lindeman, K.; Masear, C. New onset acute pulmonary edema after methylergonovine given
during cesarean delivery of a patient with undiagnosed raynaud’s disease. Int J Obstet Anesth 2018, 36,
111-114.
Boelig, R.C.; Manuck, T.; Oliver, E.A.; Di Mascio, D.; Saccone, G.; Bellussi, F.; Berghella, V. Labor and
delivery guidance for covid-19. American Journal of Obstetrics & Gynecology MFM 2020, 100110.
FDA. The food and drug administration. Fda advises patients on use of non-steroidal antiinflammatory drugs (nsaids) for covid-19. https://www.fda.gov/drugs/drug-safety-andavailability/fda-advises-patients-use-non-steroidal-anti-inflammatory-drugs-nsaids-covid-19, 2020.
© 2020 by the authors. Submitted for possible open access publication under
the terms and conditions of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/).

