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			Abstract  

			Since the first report of COVID-19 in December 2019, our knowledge and treatment modalities have evolved at great pace understanding its impact on the maternal and neonatal outcomes. Whilst pregnant patients are not more susceptible to acquiring the infection as compared to the general population, they may be at higher risk of developing severe symptoms given the physiological changes, relative immune-compromised state of pregnancy, and their neonates at risk of consequent iatrogenic preterm deliveries.  Our review article discusses outcomes of pregnant women and neonates with COVID-19 from several countries including the UK, USA, France, Italy and China; but also provides a comprehensive analysis against available literature till Dec 2020. 
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			Introduction	

			Coronavirus disease 2019 (COVID-19) has evolved as global pandemic since it was first reported in November 2019, with an estimated 94 million people infected and over 2 million deaths worldwide as of mid-Jan 2021 [1]. Whilst pregnant patients are not more susceptible to acquiring the infection in comparison to the general population [2], they may be at higher risk of developing severe symptoms given the relative immune-compromised state of pregnancy [3]. Furthermore, it poses a host of difficulties in the management, due to a number of physiological changes of pregnancy [4] and risk of iatrogenic preterm births [5,6]. Skin to skin and breastfeeding widely recognised as highly beneficial in the post-partum period, however in some cases, mothers and babies have been separated following the birth in order to prevent possible transmission of the virus to the baby, without sufficient evidence to support this [7,8]. Pregnant women, as a patient population, benefit a great deal from clinical research and trials. Because of lack of active inclusion of this group including in vaccinations trials, obstetricians and organisations have to rely on data from case series, case reports, observational and retrospective studies in order to inform guidance and clinical decision making.

			The aim of this literature review is to establish the outcomes of pregnant patients and neonates with COVID-19 from some of 
countries heavily affected by the pandemic including the UK, USA, France, Italy and China published between November 2019 and June 2020; but also analyse them against available literature till Dec 2020. 

			Materials and Methods

			This is a narrative review of the literature published between November 2019 and June 2020. In July 2020, we carried out a literature search across PUBMED using the search terms ‘COVID-19’, ‘pregnancy’, ‘pregnancy outcomes’, ‘SARS-CoV-2’ and ‘neonatal outcomes’. PECO framework was used for the review. The inclusion criteria included studies with original data for COVID-19 in pregnancy (suspected or confirmed) at any gestation of pregnancy (mean gestational age between 6 to 41 weeks) and neonates born to these mothers with COVID-19 in these studies. The exclusion criteria were postnatal and non-pregnant women. 

			Data was amalgamated into ‘regional’ datasets. The data was collected using Microsoft Excel. Primary outcomes included maternal hospital and ITU admissions, maternal morbidity and mortality related to COVID-19 in pregnancy, risk of vertical transmission, neonatal morbidity and mortality related to COVID-19 in pregnancy. The secondary outcomes included effect of ethnicity on outcomes and impact on mode of delivery related to COVID-19 in pregnancy.  

			Result

			The search yielded a total of 363 studies published during this time. Each paper was individually assessed and only those which presented original data were included. Total of 45 papers were finalised to review, and these were further categorised according to their country of origin. Total 1,211 suspected plus confirmed cases were identified with mean gestational age between 6 to 41 weeks. Out of these 648 (54%) were from China, 428 (35%) from Europe and 135 (11%) were reported from USA and Canada. 132 (11%) women had co-morbidities; most commonly hypertension, diabetes mellitus, asthma and haematological diseases. Diabetes Mellitus was most frequently reported, affecting 63 (48%) in European studies. Summary in box 1 and 2. 

			[image: ]

			Box 1 & 2: Study and case summary.

			Maternal morbidity and mortality

			Table 1: Maternal morbidity and mortality outcomes.

			
				
					
					
				
				
					
							
							Maternal outcomes

						
							
							N (%)

						
					

					
							
							Total women

						
							
							1,211

						
					

					
							
							ITU admissions

						
							
							82 (7%)

						
					

					
							
							ECMO

						
							
							8 (0.7%)

						
					

					
							
							Invasive ventilation

						
							
							55 (4.5%)

						
					

					
							
							Non-invasive ventilation

						
							
							8 (0.7%)

						
					

					
							
							Antiviral or antibacterial agents

						
							
							388 (32%)

						
					

					
							
							Antenatal steroids

						
							
							117 (10%)

						
					

					
							
							Maternal Deaths

						
							
							7 (0.6%)

						
					

					
							
							Mortality rate among ITU admissions

						
							
							7 (8.5%)

						
					

				
			

			Out of 1,211 women, 82 (7%) had Intensive care unit (ITU) admissions and 8 (0.7%) required extracorporeal membrane oxygenation (ECMO).  The highest number of ITU admission was noticed in the European studies, i.e. 41/428 (10%). 55 (4.5%) cases required invasive ventilation and 8 (0.7%) received non-invasive ventilation. 7 (0.6%) deaths had been reported, 2 from USA and 5 from the UK. The overall mortality rate among the patients admitted in ITU was 7/82 (8.5%). 388 (32%) of the women received antiviral or antibacterial agents. Highest numbers of antibacterial or antiviral agents were used in the Chinese studies 369/648 (57%). Antenatal steroids were used in 117 (10%) v.

			Mode of delivery

			Completed birth data was available for 946 women. 14 women suffered miscarriage in this cohort (1.5%). Live births were reported in 926/932 (99.4%) cases and stillbirths in 6/932 (0.6%) cases. None of miscarriages or stillbirths were related to COVID-19. Out of 932 cases, 776 (83%) underwent Caesarean Section (CS) whilst 156 (17%) had vaginal delivery (Figure 1).  On further analysis of CS, 324 (42%) were done for conditions related to COVID-19 and 452 (58%) for some other indication, previous CS being the most common. Overall CS rate was highest in China i.e., 92%. Preterm birth rate was 21.5% (201/932). Most were iatrogenic preterm births 118/201 (58%) and 85/201 (42%) were spontaneous preterm births.  

			Neonatal Outcomes

			Completed birth data was available for 946 cases as mentioned earlier. Among 14 cases who suffered miscarriage, 9/14 (64%) were reported from China and 6/9 were induced miscarriages because of concerns regarding unknown effect of COVID-19 on fetus. However, rest were spontaneous miscarriages.

			COVID swabs were reported in 893 neonates. 14 (1.6%) babies were positive for COVID-19 <12 hours of birth. 11 (1%) babies showed positive Covid-19 swabs >12 hours of birth. Majority (91%) were tested negative (Figure 2). There were 12/926 (1.3%) neonatal deaths but none of them were related to COVID-19. There were no congenital anomalies noted. 
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			Discussion

			Following the outbreak of COVID-19 in December 2019, there had been uncertainties regarding its impact on the pregnancy and neonatal outcomes. It was initially thought that pregnant women may be more susceptible to severe COVID-19 disease as compared to the general population as observed in MERS, SARS-COV-1 or ZIKA virus. Contrary to this, almost all the studies showed the risk of severe disease is not increased in pregnant women with SARS-COV- 2 as compared to general population [9]. 

			Looking at primary outcomes from maternal aspect in our review, 82 (7%) had Intensive care unit (ITU) admissions and 8 (0.7%) required extracorporeal membrane oxygenation (ECMO). Overall, 7 (0.6%) deaths had been reported, 2 from USA and 5 from the UK. The overall mortality rate among the patients admitted in ITU was 7/82 (8.5%). 11% of women in our series had co-morbidities with diabetes being most common risk factor (48% in European studies).

			Reviewing maternal morbidity and mortality in other studies, based on disease severity characteristics by Wu, et al. [10] and comparison with pregnant population by Breslin, et al. [11], 86% exhibited mild disease, 9.3% severe disease, 4.7% critical disease. 

			Allotey, et al. [12] included 77 studies in their live systematic review on maternal and perinatal outcomes and found severe symptoms in 13%, 4% admitted to ICU, 3% required ventilation, 0.4% received ECMO and 0.1% mortality rate. Severe disease has been found to be associated with high BMI, vitamin D deficiency, multiple pregnancies, women with co-morbidities and in Black Asian and Minority ethnic group (BAME). Lokken, et al. [13] identified 13% (6/46) obstetric patients with severe disease had co-morbidities. United Kingdom Obstetric Surveillance System (UKOSS) reported 70% of the pregnant women admitted to the hospital for COVID-19 were overweight or obese and a quarter of them had co-morbidities [14]. 56% women were from Black Asian and Minority ethnic group (BAME) and were noted to be twice at risk of hospital admission and severe disease as compared to other ethnic groups. 

			Overall maternal mortality with COVID-19 is <1% as evident from our results too and it corresponds with study by N Breslin, et al. [11] (<1%) as well as UKOSS (1%). Maternal mortality in ICU admitted pregnant women is around 12%; seen as 8% (7/82) in our review, 12.2% (5/41) in UKOSS, 15% (2/13) in Blitz, et al. [15] and 12.9% (11/85) in Kim, et al. [16]. 

			Looking at secondary outcomes of impact on mode of delivery in women with COVID-19 in pregnancy, we found that majority of women (83%) underwent CS than vaginal delivery and it could be a reflection of different obstetric practices of mode of delivery in other countries rather than an obstetric clinical indication alone. For example, on further analysis of CS, 42% were done for conditions related to COVID-19 and 58% for some other indication, previous CS being the most common. Overall CS rate was highest in China i.e., 92% [17-19]. 

			The rate of caesarean section (CS) had been reported in the range of 70-100% in different other reviews as well. The most common indications included previous caesarean, foetal distress, meconium-stained liquor, co-morbidities and maternal COVID-19 infections [20-25]. The highest rate had been reported in China and the rates may differ in different countries on basis of their obstetric practice. Moreover, it could be related to concerns in early phases about risk of severe respiratory illness with COVID-19 as seen with other severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV) infection with high maternal and foetal mortality. There was also concern about vertical transmission at vaginal delivery to the baby in early phases of pandemic. But the subsequent studies have shown that the vaginal secretions and amniotic fluid were negative for COVID-19, negating vertical transmission risk [21-23, 25, 26-28].

			In our review, preterm birth rate was 21.5% (201/932). Most were iatrogenic preterm births 118/201 (58%) and 85/201 (42%) were spontaneous preterm births. Any stress response in the body can cause preterm labour, but there is no direct association of COVID-19 observed with the preterm birth. Although there was increased risk of iatrogenic preterm delivery and caesarean section associated with moderate to severe infection in 3rd trimester but mostly it was related to worsening maternal condition. However, preterm delivery and low birth weight was the single predictor for poor foetal outcome in women with COVID-19 [17].

			There is no evidence of spontaneous miscarriage or any foetal abnormalities noted in infected women. Yang Z et al and Yang H et al reported that 2/114 and 4/27 cases respectively opted for induced miscarriage earlier in pandemic due to unknown effect of COVID-19 on the foetus [18,19]. 

			Prabhu, et al. [29] described placental histology in 28/30 (93%) COVID-19 positive mothers and 99/305 (32.5%) women without COVID-19. It was noticed that foetal vascular thrombosis (p<0.001) and meconium staining (p=0.004%) were more common in COVID-19 positive patients. However, the frequency of chorioamnionitis was similar (P=0.36%). This might be explained by the increased risk of arterial and venous thromboembolism seen in COVID-19 patients [30,31]. 

			Tutiya et al reported 2 cases of severe COVID-19 infection that had thromboembolism on the 3rd post caesarean day [32]. This might be because of combination of factors including sepsis, postnatal period, major pelvic surgery and immobility. It signifies that all pregnant and postnatal women with severe infection need to be assessed for higher doses of low molecular weight heparin than standard doses. 

			The risk of vertical transmission with COVID-19 is very low. Only 1.2% of babies in our review had positive COVID-19 swabs >12 hours after birth. None of the babies were unwell with COVID-19 related reasons. A recent systematic review by Walker et al [8] evaluated possible routes of transmission of virus from mother to baby. Only 4.2% (28/666) babies born to COVID-19 mothers tested positive and were all asymptomatic. None of them met the case definition of congenital COVID-19 infection, described by Shah, et al. [33]. Hence, the true vertical transmission was not established. Risk of transmission was neither related to the mode of delivery nor was higher with breastfeeding and skin to skin contact. Currently, there is no policy to routinely test all neonates if born to asymptomatic or even mildly symptomatic mothers. Some countries don’t have routine screening available to all labouring women. Nasopharyngeal and throat swabs immediately after or within 12 hours of birth; risk false positive results due to maternal secretions and IgM might represent maternal infection. Viral PCR in cord samples might have value but is not widely available. A few studies showed elevated IgG or IgM with negative PCR in new born babies [21,18,34]. The IgG are most likely maternally derived, however, IgM are larger molecules and cannot pass through placenta. It’s postulated that the transfer of IgM can either be due to the placental damage caused by the infection or foetal IgM production secondary to in utero exposure of degenerated viral particles at foetal and placental interface. According to Wang et al, a decline in the neonatal IgG levels after 14 days represent maternal antibodies, but neonatal infection is more likely if the antibodies persist after 6 months [34].

			Most of the studies reported mother and baby separation for 14 days to prevent horizontal transmission [18,25, 27, 35, 36].  Walker, et al. [8] Breslin, et al. [37] and Nayak, et al. [38] showed that breast feeding and direct maternal contact does not affect the transmission to the baby, provided face mask and proper hand hygiene is practised [8,37,38].

			Accumulating evidence supports ending infection control precautions using a symptom-based strategy. Concentrations of SARS-CoV-2 RNA decline after onset of symptoms, as does the likelihood of obtaining replication-competent virus, even when PCR tests remain positive. Patients with mild to moderate COVID-19 infection can be considered non-infectious 10 days after symptom onset. Persons with more severe to critical illness or severely immunocompromised likely remain infectious no longer than 20 days after symptom onset. Carefully explaining this to patients who may have had COVID-19 during pregnancy, particularly if recent test has been positive, may help reassure new mothers that they are no risk to their baby and thereby facilitate bonding and breastfeeding. 

			Conclusion

			Our international review and analysis of literature shows that the pregnant women are not more susceptible to acquiring the infection in comparison to the general population. The risk of severe disease is not increased in pregnant women with SARS-COV- 2 as compared to general population. Risk of ITU admission in pregnant women with COVID-19 is usually 4-7% with a need of invasive ventilatory support being 4-5% and 0.4-0.7% women requiring ECMO. Overall maternal mortality with COVID-19 is <1%. Maternal mortality in ICU admitted pregnant women is around 12%. 

			Severe disease has been found to be associated with high BMI, vitamin D deficiency, multiple pregnancies, women with co-morbidities and in Black Asian and Minority ethnic group (BAME). Women with co-morbidities and BAME group should be advised to seek help earlier if their clinical condition deteriorates.

			There is currently no evidence of spontaneous miscarriage or foetal abnormalities noted in women with COVID-19. Currently, there is no evidence of vertical transmission or spontaneous preterm delivery in these women as well. Foetal vascular thrombosis and meconium staining liquor have been reported in placental histology of some COVID-19 positive women but frequency of chorioamnionitis remains same as general population risk. Mode and timing of delivery should be devised according to maternal medical condition in a multidisciplinary fashion with neonatologist, medical, anaesthetic and obstetric review. Women should be supported in breast feeding as there is no evidence about risk of neonatal.
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Figure 2: Neonatal COVID-19 swab results.
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