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Abstract

:

Pregnancy does not appear to increase susceptibility to SARS-CoV-2 infection, but some physiological changes, such as the reduction of residual functional volumes, elevation of the diaphragm, and impaired cellular immunity, may increase the risk of severe disease and result in a higher risk of complications. The article’s primary objective is to evaluate the factors associated with symptomatic COVID-19 disease in pregnancy. The secondary objective is to describe maternal and neonatal outcomes and cases of vertical transmission of the infection. All pregnant women hospitalized with SARS-CoV2 infection were included in a prospective study in the UOC of Obstetrics and Gynecology, AOOR Villa Sofia—Cervello, Palermo, between May 2020 and April 2021. The patients who requested the termination of the pregnancy according to Law 194/78 were excluded. We included 165 pregnancies with a total number of 134 deliveries. Overall, 88.5% of the patients were asymptomatic at the time of admission and 11.5% were symptomatic. Of them, 1.8% of the patients required hospital admission in the intensive care unit. Symptoms occurrences were positively associated with the increase in maternal BMI (OR 1.17; p = 0.002), the prematurity (OR 4.71; p = 0.022), and at a lower birth weight (OR 0.99; p = 0.007). One infant tested positive for SARS-CoV2 nasopharyngeal swab; 11.4% of newborns had IgG anti SARS-CoV2 at birth; IgM was positive in 2.4% of newborns. There was no difference statistically significant difference in the vertical transmission of the infection among the group of symptomatic pregnant women and that of asymptomatic pregnant women.
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1. Introduction


Coronavirus Disease-19 (COVID-19) is caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) and includes several characterizations, from asymptomatic patients to respiratory failure, cardiac and cardiovascular complications, thromboembolic and inflammatory complications. Pregnancy does not appear to increase susceptibility to this infection, even if the entry into respiratory cells of SARS-CoV-2 is mediated by ACE2, and its expression increases during pregnancy, which may provide favorable conditions for SARS-CoV-2 infection [1].



Physiological changes during pregnancy, such as reduced functional residual volumes, diaphragm elevation, and altered cell immunity, may be at increased risk for severe disease, necessitating maternal intensive care unit admission, mechanical ventilation, and, in rare cases, extracorporeal membrane oxygenation [2,3]. Deaths have been reported equally in pregnant and non-pregnant women of reproductive age [4]. Among pregnant women, especially those who develop COVID-19 pneumonia, there is an increased risk of preeclampsia, preterm, and cesarean delivery due to fever and hypoxemia [5,6]. In this regard, it is worth mentioning a multinational cohort study which enrolled a total of 2130 women during the first phase of the pandemic, 706 of whom had COVID-19 and 1424 who were uninfected. Women diagnosed with COVID-19 were at higher risk of preeclampsia/eclampsia, serious infections, need for intensive care, maternal mortality, preterm delivery including iatrogenic, perinatal morbidity, and mortality. Although the presence of fever and dyspnea was associated with a higher risk of serious maternal and perinatal complications, asymptomatic patients were also at higher risk for maternal morbidity and preeclampsia [7,8,9,10].



Vertical transmission of SARS-CoV-2 appears to be limited, although it should not be ruled out altogether in light of the viral presence in placental villi and fetal membranes, which points to the possibility that the virus may be able to access the placenta and affect fetal development [1].



At any rate, the SARS-CoV-2-related cytokine storm could bring about higher morbidity and mortality rates in pregnant women, and possibly even pose a threat to the developing fetus and neonate, even in the absence of vertical viral transmission. For these reasons, more effective, evidence-based strategies, models, and targets need to be outlined, for the ultimate purpose of mitigating the impact of viral infection and improving maternal and fetal outcomes [1]. Furthermore, this evaluation should be useful in terms of raising awareness and clinical management abilities in the case of a new pandemic infection.



Information on SARS-CoV2-infected pregnancies is evolving rapidly and it is critical to collect data to plan for best practice. The main purpose of this study is to evaluate maternal and neonatal outcomes of pregnant women with SARS-CoV-2 infection. The secondary objective is to describe cases of vertical transmission of SARS-CoV2 infection.




2. Materials and Methods


2.1. Objectives


This study accounted for 165 pregnant women, with a total number of 134 deliveries, while 31 pregnant women were discharged before delivery due to improvement of clinical symptoms.



The patients were divided into groups based on the “NIH COVID-19 Treatment Guidelines” [11,12]:




	✓

	
Asymptomatic or presymptomatic infection: positive test for SARS-CoV-2 but no symptoms;




	✓

	
Mild illness: any signs and symptoms (e.g., fever, cough, sore throat, malaise, headache, muscle pain) without shortness of breath, dyspnea, or abnormal chest imaging;




	✓

	
Moderate illness: evidence of lower respiratory disease by clinical assessment or imaging and a saturation of oxygen (SaO2) ≥ 94 percent at room temperature at sea level—severe illness: respiratory frequency > 30 breaths per minute, SaO2 < 94 percent on room air at sea level, ratio of arterial partial pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2) < 300, or lung infiltrates > 50 percent;




	✓

	
Critical illness: respiratory failure, septic shock, and/or multiple organ dysfunction.










2.2. Inclusion and Exclusion Criteria


In this retrospective study, all pregnant women hospitalized with SARS-CoV-2 infection in the Department of Obstetrics and Gynecology, Villa Sofia—Cervello Hospitals, Palermo, Sicily, between May 2020 and April 2021, were included. Pregnant women requiring termination of pregnancy as well as non-pregnant women hospitalized for other gynecological conditions were excluded.




2.3. Maternal and Fetal Outcomes


We collected personal and anamnestic data, reason and duration of hospitalization, duration of positivity to the nasopharyngeal molecular swab, symptoms, saturation, need for oxygen therapy or access to the intensive care unit, diagnostic tests and therapy. Fetal status was assessed by ultrasound and, in third-trimester pregnancies, with cardiotocography. We also evaluated pathologies of pregnancies and outcomes such as live birth, miscarriage, and stillbirth. For patients who gave birth with SARS-CoV-2 infection, data on delivery and any postpartum complications were collected.




2.4. Neonatal Outcomes


All newborns underwent a thorough review of their history, including gestational age, sex, birth weight, Apgar Score, type of feeding, length of hospitalization, symptoms for up to one week of age, such as respiratory distress, oxygen desaturation, feeding problems, fever, and/or seizures, heart rate anomalies thorough clinical examination, review of laboratory evaluations, rRT-PCR analysis of nasopharyngeal swab samples, and COVID-19 serology to determine SARS-CoV-2 status for those born to SARS-CoV-2-positive mothers.




2.5. Evaluation Vertical Transmission


All newborns from SARS-CoV-2 positive mothers were tested via a SARS-CoV-2 quantitative rRT-PCR nasopharyngeal swab at birth on day 3 and/or day 7 during their hospital stay. In case of positive result, neonates were re-tested on day 14.




2.6. Statistical Analysis


Socio-demographic and clinical characteristics of all the recruited pregnant women were summarized using frequencies and percentages. In order to evaluate the distribution of quantitative variables such as age, the skewness and kurtosis test was performed. Mean and standard deviation (SD) were chosen for the normal distribution of these variables, while median and interquartile range (IQR) were used for the non-normal distribution. The differences in quantitative variables normally and not normally distributed among pregnant with COVID-19 infection were evaluated, respectively, with the Student’s t test and with the Wilcoxon and Mann–Whitney test, while the Chi2 test was used for the qualitative variables.



Bivariable analyses were performed to assess the associations between factors allegedly linked to symptomatic (mild, moderate, and critical illness) COVID (Odds ratio (OR) with a confidence interval of 95%). The significant (p < 0.05) factors associated in bivariable analyses were run into a multivariable logistic regression model in order to identify predictors of symptomatic COVID-19. A p-value of <0.05 was considered statistically significant. Statistical analyses were performed using Stata/SE 14.2 (Copyright 1985–2015, StataCorp LLC, 4905 Lakeway Drive, College Station, TX 77845, U.S. Revision 29 January 2018).





3. Results


As shown in Table 1, 12 patients (7.3%) were hospitalized for COVID-related symptoms, 107 (64.9%) for obstetric reasons, 31 (18.8%) were new mothers transferred from other structures in the region due to a positive swab found in time of delivery, 9 (5.4%) were for abortion, and 6 (3.6%) were for other reasons.



At admission, 146 patients (88.5%) were asymptomatic, 8 (4.8%) had mild disease, 9 (5.5%) had moderate/severe disease, and 2 (1.2%) had critical disease.



During hospitalization, 11 (6.7%) patients needed oxygen therapy, while the remaining 154 (93.3%) did not. Finally, 3 patients (1.8%) required admission to the intensive care unit (Table 1).



The patients were then subdivided into two main groups: asymptomatic and symptomatic. As shown in Table 2, the symptomatic group showed a higher mean BMI than the asymptomatic group (33.9 vs. 28.9, p = 0.001); thus, the mode of delivery, preterm delivery and complications during hospitalization showed a statistically significant difference in the two groups (Table 2).



Regarding the 123 newborns admitted to the Department of Neonatology and Neonatal Intensive Care Unit, Villa Sofia Cervello Hospital, a statistically significant difference in birth weight was found between the group of symptomatic versus asymptomatic patients, as shown in Table 3.



Overall, 104 babies were born at term and 26 were born preterm; 66.6% of them were adequate for gestational age; 12.2% were small for gestational age (SGA) and 9.8% were large for gestational age (LGA). No neonatal respiratory distress was reported, and only 9% of newborns required noninvasive respiratory support at birth.



During their hospital stay, all infants remained asymptomatic, with normal temperature and vital parameters. Only one newborn was positive at nasopharyngeal swab for SARS-CoV2: the first SARS-CoV-2 test resulted positive at birth at their 25th hour of life. Repeated SARS-CoV-2 tests at 25, 48 h, 7 days, and 14 days of life were positive. The SARS-CoV-2 test resulted negative at 21 days of life. Soon after birth, the baby’s serology tested positive for both SARS-CoV-2 immunoglobulin (Ig)-G and Ig-M titers.



Overall, 11.4% (n = 14) of newborns had anti SARS-CoV2 IgG at birth; IgM was positive in 2.4% (n = 3) of newborns. There was no statistically significant difference in vertical transmission of the infection between the symptomatic and asymptomatic pregnant groups (Table 3).



A univariable analysis shows COVID-19 symptoms to be positively associated among maternal characteristics with increased maternal BMI (OR = 1.18, 95% CI 1.06–1.29, p value 0.002) and prematurity (OR 4.71; p = 0.022). After controlling for factors and statistical significance at multivariable analysis, only the unit increase of BMI (OR = 1.18, CI95% 1.04–1.35, p = 0.011) was associated with being symptomatic for COVID-19 among the maternal outcome (Table 4).



At univariable analysis, COVID-19 symptoms were positively associated among neonatal characteristics with birth weight (OR = 0.99, CI95% 0.99–1.00, p = 0.007). After controlling for other factors, COVID-19 symptoms of the mother were associated with the use of ventilation by the infants (OR = 26.95 CI95% = 1.26–574.29, p = 0.035) (Table 5).




4. Discussion


4.1. Risk-Factor Assessment


The article relies on data from the first cases of SARS-CoV2 positive pregnancies. The main results were that high BMI values were associated with a higher risk of symptomatic disease. These data are in agreement with the scientific literature that associates obesity with adverse outcomes from COVID-19 in the general population. Indeed, SARS-CoV-2 had the ability to gain entry into human cells by direct binding to ACE2 receptors on host cells [13]. Obese individuals have been found to be more susceptible to COVID-19 infection, which is likely due to the higher density of ACE2 in adipose tissue [14]. Furthermore, in animal models, tumor necrosis factor-α (TNF-α) is a multifunctional cytokine expressed in adipose tissue capable of influencing insulin-induced signaling and preventing glucose transporter type 4 (GLUT-4) expression, which gives rise to higher levels of free fatty acids (FFA), and worsening insulin resistance [15]. Immune inflammation pathways can be triggered by overly high levels of FFAs via several signaling pathways, ultimately leading to TNF-α, interleukin-6 (IL-6), leptin, and resistin [16], all of which play a direct role in the differentiation of monocytes into activated M1 macrophages. Inflammatory cytokines, active oxygen radicals, and nitric oxide (NO) can originate from M1 macrophages, and can negatively impact the endogenous immune response to pathogens [16]. The inflammatory response caused by obesity thus results in more pronounced cell aggregation and higher levels of cytokine production.



Nutritional status therefore has a major role in the development of COVID-19 complications, hospitalization length, and mortality rates, as pointed out by research findings from diverse populations [17]. Ultimately, obesity has been linked to higher rates of major complications due to its considerable impact on immune responses. In particular, an interesting review article has pointed to obesity as a considerable factor in the likelihood of incurring severe COVID-19 complications and the need for ICU admission, intubation, and even higher mortality rates. Such evidence makes it necessary to keep overweight and obese patients under close observation and monitoring at all times [18].



The second fundamental aspect which seems to emerge from the multivariate analysis is the linkage between symptomaticity and prematurity, and consequently low weight at birth.



Recent findings arising from an analysis of data gathered between April to May 2017 to 2019 and April to May 2020 pointed to a lower rate of prematurity (from 5.31% to 4.91%, p < 0.01). Furthermore, a decrease in the rate of prematurity was still observed after the end of lockdown (from June to September 2020) for singleton pregnancies. However, among the 1752 SARS-CoV-2-positive patients with singleton pregnancies, a higher prematurity rate was reported in 2020 than in 2017 to 2019 (9.93% vs. 5.32%; p < 0.01), regardless of the severity of prematurity. On the other hand, a lower prematurity rate was reported in uninfected or untested in 202 patients compared to those who gave birth in the 2017–2019 period (4.67% vs. 5.32%; p < 0.01), irrespective of prematurity severity [19].



A lower rate of preterm births during the COVID-19 pandemic has been reported by various sources [20,21,22,23], although it is worth noting that such an overall decrease does not account for SARS-CoV positive and negative patients, unlike the present study. In any case, some studies have reported that such a decrease was limited to deliveries to white patients residing in more affluent neighborhoods, and deliveries at non-outpatient care facilities; such findings may be due to the fact that COVID-19 response measures may have benefited women with more indicators of advantage [24]. A recent noteworthy retrospective cohort study has focused on the clinical manifestations, complications, and maternal–fetal outcomes in women with SARS-CoV-2 infection during delivery and divided patients into two groups: symptomatic and asymptomatic. Compared to asymptomatic patients, symptomatic pregnant women at the time of delivery were found to have slightly higher, though not significant, preterm delivery and cesarean section rates, in addition to lower neonatal birthweights and Apgar score, [25].



As for the high rate of caesarean sections, a retrospective review of case records in India compared outcomes (cesarean section rate, maternal and neonatal ICU admission, and feto-maternal mortality) in positive and negative pregnant women at delivery. Similar to our results, considerably higher cesarean section rates were reported among women with COVID-19. Furthermore, viral RNA was detected in the cord blood and nasopharyngeal swab of one infant [26].



Other studies also point to cesarean section as the most widespread delivery modality in parturient women with COVID-19. In particular, another Indian study accounting for 44 women undergoing cesarean section during the study period, with elective and emergency surgeries of 22 each, showed that no indication other than COVID-19 status was reported in 13 out of 44 patients [27].



In order to prevent the host COVID-19 complication herein laid out, the anti-SARS-CoV-2 vaccination is a safe and effective tool even in pregnancy. In this regard, an interesting mathematical model proposed by an Indian group that studied the transmission dynamics was associated with the decrease of COVID-19, underlining the importance of non-pharmaceutical interventions and vaccination as a strategy for the control of COVID-19 [28]. However, a part of the population of pregnant women still shows vaccine hesitancy, for which suitable counseling by gynecologists is certainly a valuable option worth pursuing [29].



A systematic review of a small sample of 6 early pandemic studies shows that, although vertical transmission of severe acute respiratory syndrome arising from coronavirus infection has so far been ruled out, and maternal and neonatal outcomes have been favorable overall, preterm delivery rates by cesarean section are still worrisome [30]. In any case, COVID-19, which is linked to respiratory insufficiency in late pregnancies, can undoubtedly give rise to a complex clinical scenario [6,31].



A review centered around 36 research studies has focused on deliveries in 203 SARS-CoV-2 positive pregnant women. Rather similar levels of disease severity in pregnant as opposed to non-pregnant women were reported. The majority of patients, 68.9%, ultimately gave birth via cesarean section, with COVID-19 status as the sole common indication [32].



As for the management of newborns at our hospital, the decision to separate newborns is necessarily made on a case-by-case basis, and is shared and agreed upon by mothers and the healthcare professionals based on a thorough risks vs. benefits evaluation. Mother and newborn were separated in the case of maternal severe clinical symptoms, or after surgery in cases of caesarean section, due to the impossibility of taking care of the newborn independently.



Mothers were counseled prior to discharge about home isolation and precautions, according to guidelines from the Italian Society of Neonatology. Clinical follow-up for infants was provided remotely and a repeat test for SARS-CoV-2 was administered 7 or 14 days after discharge, and then at 1 month after discharge.



Only one newborn tested positive at our facility. Furthermore, the mother wore a face mask throughout the hospital stay, had no skin-to-skin contact with the baby, no direct breastfeeding, no visitors (including parents) were allowed during the newborn’s first 14 days of life, and strict droplet isolation precautions took place. All such precautions notwithstanding, the newborn tested positive for SARS-CoV-2 at birth. In other studies, SARS-CoV-2 positive infants were also observed, but no definitive evidence of vertical transmission remains because available data are still insufficient [30]. Several studies now show that the SARS-CoV-2 genome can be detected in umbilical cord blood and placenta at term, and infants demonstrate elevated levels of SARS-CoV-2 specific IgG and IgM antibodies [33,34]. Although specimens of placental tissue or amniotic fluid found positive for any pathogen are considered a diagnostic sign of maternal infection, further confirmatory testing is needed before it can be deemed a sign of neonatal congenital infection [35]. Hence, it stands to reason that even though SARS-CoV-2 has been reportedly found by RT-PCR in the placenta, as reflected by various findings, a positive RT-PCR test in the fetus/neonate does not necessarily follow [36,37,38]. By the same token, positivity detected in the amniotic fluid does not necessarily entail fetal positivity. Even though RT-PCR in amniotic fluid have detected the presence of SARS-CoV-2 in a relatively limited number of case reports, not all infants were confirmed to be infected [39,40,41,42]. By virtue of such findings, a positive SARS-CoV-2 assay on amniotic fluid or placenta alone is not enough to provide a reliable level of confirmatory proof as to actual in-utero infection. As far as the contamination of umbilical cord blood is concerned, that is thought to possibly take place because of cross-contamination with maternal blood during sample collection, or blood cells from the mother getting into the fetal bloodstream through the placenta over the course of gestation, or most commonly, maternal blood cells getting into fetal circulation during labor, due to contractions of the uterus [43,44,45]. In light of such dynamics, confirmatory testing via fetal/neonatal peripheral blood sample or testing of another sterile or non-sterile sample is needed in addition to PCR.



It is likely that studies centered around placental tissue are the most significant in terms of providing insight as to SARS-CoV-2 vertical transmission. A Brazilian study on five pregnant women infected with SARS-CoV-2 before vaccination who gave birth to a stillborn child investigated placental alterations compared to a prepandemic sample. It is worth noting that RT-PCRq found SARS-CoV-2 RNA in three out of five placentas at least two to twenty weeks following primary pregnancy infection symptoms. Moreover, immunoperoxidase assays showed SARS-CoV-2 spike protein in all placental samples. Ultrastructural aspects of the infected placentas showed similar alteration patterns between the samples, with predominant characteristics of apoptosis and detection of virus-like particles [46].




4.2. Medicolegal Implications


In light of the risk factors associated with COVID-19 in pregnancy, both in terms of maternal and neonatal outcomes, it is worth briefly elaborating on the medicolegal repercussions that might arise from non-compliance with specific evidence based recommendations, guidelines, and best practices. The need to take into account the host of immunological changes which occur during pregnancy, over the third trimester especially, stems from the fact that such adjustments make women more vulnerable and more likely to develop major severe symptoms from SARS-CoV-2 infection; similar dynamics have also been shown with previous similar epidemics such as severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) [47,48]. COVID-19 vaccines based on mRNA have been shown to pose no safety concerns during pregnancy or breastfeeding, and they do not affect fertility [49]. A possible element complicating the decision-making process and the implementation of suitable treatment options is due the fact that COVID-19 during pregnancy often shows signs and symptoms similar to those in non-pregnant patients [50,51], although one systematic review found that pregnant and recently pregnant people were less likely to manifest fever, cough, dyspnea, and myalgia than non-pregnant females of reproductive age [52]. When assessing pregnant symptomatic people without fever, it is worth bearing in mind that it may be difficult to differentiate between several COVID-19 manifestations and common pregnancy symptoms, such as nausea, shortness of breath, and fatigue. Providing thorough counseling to pregnant patients as to the risks of COVID-19 infection is also key: the increased risk for severe disease from SARS-CoV-2 during pregnancy ought to be discussed and recommendations for the effective protection from infection should be given [53].



If a pregnant patient should need hospitalization due to COVID-19 infection, it ought to be at a hospital capable of guaranteeing maternal and fetal monitoring should the need arise. COVID-19 in pregnancy should be managed by ensuring fetal and uterine contraction monitoring, based on gestational age, whenever deemed advisable. In addition, delivery planning should be adequately designed and implemented on a case-by-case basis by relying on a multidisciplinary, team-based approach that may include consultation with obstetric, maternal-fetal medicine, infectious disease, pulmonary-critical care, and pediatric specialists, whenever deemed necessary. Provable and documented compliance with recommendations and evidence-based criteria outlined and released by scientific societies and institutions (such as the Centers for Disease Control and Prevention [54,55], the American College of Obstetricians and Gynecologists [56], and the Society for Maternal-Fetal Medicine [57], among others) can greatly contribute to ensuring that care for pregnant patients with COVID-19 is delivered in a viable fashion, from a medicolegal perspective, in order to shield healthcare professionals from negligence-based malpractice allegations in case of adverse outcomes [58,59,60]. Novel telemedicine-based methods of providing care and counseling to pregnant women need to take into account the relevant norms and regulations [61,62], as well as the unique complexities that such innovative practices entail from a legal and ethical standpoint [63,64].





5. Conclusions


The present study is based on the identification of patients at greater risk of contracting a symptomatic form of COVID 19 in order to reduce the onset of complications and, consequently, stem the increase in preterm deliveries, with possible sequelae in the short, medium and long term. Overall, findings from the present study support the claim that neonates born to mothers with confirmed or suspected SARS-CoV-2 are mostly asymptomatic, and therefore their status is not associated with worse clinical outcomes. However, neonatal critical illness is still a possibility; administering a nasopharyngeal swab at least at 24 h after birth and monitoring the infants for possible symptoms for 14 days after birth are necessary precautions and major contributors to medicolegal viability in case of adverse outcomes, as is long-term follow-up. Parents must be thoroughly counseled and directly involved in the decision-making process with options for rooming in, skin-to-skin contact, and breastfeeding with appropriate protective equipment, taking into account the organization of the hospital that hosts the pregnant patient and the newborn.







Author Contributions


Conceptualization, M.M., S.Z., V.R., D.T., A.G., M.T., S.C., V.B., G.C. and G.G.; methodology, M.M., V.R., D.T., M.T., S.C., G.C. and G.G.; software, M.M., S.Z., A.G., M.T., S.C., V.B., G.C. and G.G.; validation, M.M., S.Z., V.R., D.T., A.G., M.T., S.C., V.B., G.C. and G.G.; formal analysis, M.M., S.Z., V.R., D.T., G.C. and G.G.; investigation, M.M., S.Z., V.R., D.T., A.G., M.T., S.C., V.B., G.C. and G.G.; resources, M.M., S.C., V.B., G.C. and G.G.; data curation, M.M., S.Z., V.R., D.T., A.G., M.T., S.C., V.B., G.C. and G.G.; writing—original draft preparation, M.M., S.Z., V.R. and G.G.; writing—review and editing, M.M., S.Z., V.R., S.C., V.B., G.C. and G.G.; visualization, M.M., S.C., V.B., G.C. and G.G.; supervision, M.M. and G.G.; project administration, M.M., S.Z., V.R., D.T., A.G., M.T., S.C., V.B., G.C. and G.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Informed consent has been granted in writing by all the subjects enrolled.




Data Availability Statement


The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Verma, S.; Carter, E.B.; Mysorekar, I.U. SARS-CoV-2 and Pregnancy: An Invisible Enemy? Am. J. Reprod. Immunol. 2020, 84, e13308. [Google Scholar] [CrossRef]

	



Dashraath, P.; Wong, J.L.J.; Lim, M.X.K.; Lim, L.M.; Li, S.; Biswas, A.; Choolani, M.; Mattar, C.; Su, L.L. Coronavirus Disease 2019 (COVID-19) Pandemic and Pregnancy. Am. J. Obstet. Gynecol. 2020, 222, 521–531. [Google Scholar] [CrossRef] [PubMed]

	



Kasraeian, M.; Zare, M.; Vafaei, H.; Asadi, N.; Faraji, A.; Bazrafshan, K.; Roozmeh, S. COVID-19 Pneumonia and Pregnancy; a Systematic Review and Meta-Analysis. J. Matern. Fetal Neonatal Med. 2022, 35, 1652–1659. [Google Scholar] [CrossRef]

	



Ellington, S.; Strid, P.; Tong, V.T.; Woodworth, K.; Galang, R.R.; Zambrano, L.D.; Nahabedian, J.; Anderson, K.; Gilboa, S.M. Characteristics of Women of Reproductive Age with Laboratory-Confirmed SARS-CoV-2 Infection by Pregnancy Status–United States, January 22–June 7, 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 769–775. [Google Scholar] [CrossRef]

	



Khoury, R.; Bernstein, P.S.; Debolt, C.; Stone, J.; Sutton, D.M.; Simpson, L.L.; Limaye, M.A.; Roman, A.S.; Fazzari, M.; Penfield, C.A.; et al. Characteristics and Outcomes of 241 Births to Women with Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection at Five New York City Medical Centers. Obstet. Gynecol. 2020, 136, 273–282. [Google Scholar] [CrossRef]

	



Gullo, G.; Cucinella, G.; Tumminello, M.; Renda, B.; Donzelli, M.; Lo Bue, V.; Termini, D.; Maranto, M.; De Tommasi, O.; Tarantino, F. Convalescent Plasma Use in Pregnant Patients with COVID-19 Related ARDS: A Case Report and Literature Review. Ital. J. Gynaecol. Obs. 2022, 34, 228. [Google Scholar] [CrossRef]

	



Villar, J.; Ariff, S.; Gunier, R.B.; Thiruvengadam, R.; Rauch, S.; Kholin, A.; Roggero, P.; Prefumo, F.; Do Vale, M.S.; Cardona-Perez, J.A.; et al. Maternal and Neonatal Morbidity and Mortality among Pregnant Women with and without COVID-19 Infection: The INTERCOVID Multinational Cohort Study. JAMA Pediatr. 2021, 175, 817. [Google Scholar] [CrossRef] [PubMed]

	



Papageorghiou, A.T.; Deruelle, P.; Gunier, R.B.; Rauch, S.; García-May, P.K.; Mhatre, M.; Usman, M.A.; Abd-Elsalam, S.; Etuk, S.; Simmons, L.E.; et al. Preeclampsia and COVID-19: Results from the INTERCOVID Prospective Longitudinal Study. Am. J. Obstet. Gynecol. 2021, 225, 289.e1–289.e17. [Google Scholar] [CrossRef] [PubMed]

	



Villar, J.; Soto Conti, C.P.; Gunier, R.B.; Ariff, S.; Craik, R.; Cavoretto, P.I.; Rauch, S.; Gandino, S.; Nieto, R.; Winsey, A.; et al. Pregnancy Outcomes and Vaccine Effectiveness during the Period of Omicron as the Variant of Concern, INTERCOVID-2022: A Multinational, Observational Study. Lancet 2023, 401, 447–457. [Google Scholar] [CrossRef]

	



Eskenazi, B.; Rauch, S.; Iurlaro, E.; Gunier, R.B.; Rego, A.; Gravett, M.G.; Cavoretto, P.I.; Deruelle, P.; García-May, P.K.; Mhatre, M.; et al. Diabetes Mellitus, Maternal Adiposity, and Insulin-Dependent Gestational Diabetes Are Associated with COVID-19 in Pregnancy: The INTERCOVID Study. Am. J. Obstet. Gynecol. 2022, 227, 74.e1–74.e16. [Google Scholar] [CrossRef]

	



National Institutes of Health. Clinical Spectrum of SARS-CoV-2 Infection. Issued on 26 September 2022. Available online: https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/ (accessed on 20 January 2023).

	



Bertino, E.; Spada, E.; Occhi, L.; Coscia, A.; Giuliani, F.; Gagliardi, L.; Gilli, G.; Bona, G.; Fabris, C.; De Curtis, M.; et al. Neonatal Anthropometric Charts: The Italian Neonatal Study Compared with Other European Studies. J. Pediatr. Gastroenterol. Nutr. 2010, 51, 353–361. [Google Scholar] [CrossRef]

	



Ni, W.; Yang, X.; Yang, D.; Bao, J.; Li, R.; Xiao, Y.; Hou, C.; Wang, H.; Liu, J.; Yang, D.; et al. Role of Angiotensin-Converting Enzyme 2 (ACE2) in COVID-19. Crit. Care 2020, 24, 422. [Google Scholar] [CrossRef]

	



Couselo-Seijas, M.; Almengló, C.; Agra-Bermejo, R.M.; Luis Fernandez, Á.; Alvarez, E.; R González-Juanatey, J.; Eiras, S. Higher ACE2 Expression Levels in Epicardial Cells than Subcutaneous Stromal Cells from Patients with Cardiovascular Disease: Diabetes and Obesity as Possible Enhancer. Eur. J. Clin. Investig. 2021, 51, e13463. [Google Scholar] [CrossRef] [PubMed]

	



Jang, D.-I.; Lee, A.-H.; Shin, H.-Y.; Song, H.-R.; Park, J.-H.; Kang, T.-B.; Lee, S.-R.; Yang, S.-H. The Role of Tumor Necrosis Factor Alpha (TNF-α) in Autoimmune Disease and Current TNF-α Inhibitors in Therapeutics. Int. J. Mol. Sci. 2021, 22, 2719. [Google Scholar] [CrossRef]

	



Makki, K.; Froguel, P.; Wolowczuk, I. Adipose Tissue in Obesity-Related Inflammation and Insulin Resistance: Cells, Cytokines, and Chemokines. ISRN Inflamm. 2013, 2013, 139239. [Google Scholar] [CrossRef]

	



Albarrán-Sánchez, A.; Ramírez-Rentería, C.; Anda-Garay, J.C.; Noyola-García, M.E.; Alberti-Minutti, P.; Flores-Padilla, G.; Guizar-García, L.A.; Contreras-García, C.E.; Marrero-Rodríguez, D.; Taniguchi-Ponciano, K.; et al. Differences in Mortality Rate among Patients Hospitalized with Severe COVID-19 According to Their Body Mass Index. Obes. Sci. Pract. 2022, 8, 423–432. [Google Scholar] [CrossRef] [PubMed]

	



Vassilopoulou, E.; Bumbacea, R.S.; Pappa, A.K.; Papadopoulos, A.N.; Bumbacea, D. Obesity and Infection: What Have We Learned from the COVID-19 Pandemic. Front. Nutr. 2022, 9, 931313. [Google Scholar] [CrossRef] [PubMed]

	



Simon, E.; Cottenet, J.; Mariet, A.-S.; Bechraoui-Quantin, S.; Rozenberg, P.; Gouyon, J.-B.; Quantin, C. Impact of the COVID-19 Pandemic on Preterm Birth and Stillbirth: A Nationwide, Population-Based Retrospective Cohort Study. Am. J. Obstet. Gynecol. 2021, 225, 347–348. [Google Scholar] [CrossRef]

	



Been, J.V.; Burgos Ochoa, L.; Bertens, L.C.M.; Schoenmakers, S.; Steegers, E.A.P.; Reiss, I.K.M. Impact of COVID-19 Mitigation Measures on the Incidence of Preterm Birth: A National Quasi-Experimental Study. Lancet Public Health 2020, 5, e604–e611. [Google Scholar] [CrossRef] [PubMed]

	



Meyer, R.; Bart, Y.; Tsur, A.; Yinon, Y.; Friedrich, L.; Maixner, N.; Levin, G. A Marked Decrease in Preterm Deliveries during the Coronavirus Disease 2019 Pandemic. Am. J. Obstet. Gynecol. 2021, 224, 234–237. [Google Scholar] [CrossRef]

	



Philip, R.K.; Purtill, H.; Reidy, E.; Daly, M.; Imcha, M.; McGrath, D.; O’Connell, N.H.; Dunne, C.P. Unprecedented Reduction in Births of Very Low Birthweight (VLBW) and Extremely Low Birthweight (ELBW) Infants during the COVID-19 Lockdown in Ireland: A “natural Experiment” Allowing Analysis of Data from the Prior Two Decades. BMJ Glob. Health 2020, 5, e003075. [Google Scholar] [CrossRef] [PubMed]

	



Hedermann, G.; Hedley, P.L.; Bækvad-Hansen, M.; Hjalgrim, H.; Rostgaard, K.; Poorisrisak, P.; Breindahl, M.; Melbye, M.; Hougaard, D.M.; Christiansen, M.; et al. Danish Premature Birth Rates during the COVID-19 Lockdown. Arch. Dis. Child. Fetal Neonatal Ed. 2021, 106, 93–95. [Google Scholar] [CrossRef] [PubMed]

	



Lemon, L.; Edwards, R.P.; Simhan, H.N. What Is Driving the Decreased Incidence of Preterm Birth during the Coronavirus Disease 2019 Pandemic? Am. J. Obstet. Gynecol. MFM 2021, 3, 100330. [Google Scholar] [CrossRef] [PubMed]

	



Grgić, G.; Cerovac, A.; Hudić, I.; Laganà, A.S.; Favilli, A.; Garzon, S.; Chiantera, V.; Margioula-Siarkou, C.; Hadžimehmedović, A.; Mandžić, A. Clinical Manifestation and Obstetric Outcomes in Pregnant Women with SARS-CoV-2 Infection at Delivery: A Retrospective Cohort Analysis. J. Pers. Med. 2022, 12, 1480. [Google Scholar] [CrossRef]

	



Ahmad, S.N.; Sameen, D.; Dar, M.A.; Jallu, R.; Shora, T.N.; Dhingra, M. Do SARS-CoV-2-Infected Pregnant Women Have Adverse Pregnancy Outcomes as Compared to Non-Infected Pregnant Women? Int. J. Women’s Health 2022, 14, 1201–1210. [Google Scholar] [CrossRef]

	



Venkateswaran, V.; Parida, R.; Khanna, P.; Bhoi, D.; Singh, A.K.; Mathur, P.; Sahoo, D.; Dass, C.; Gupta, A.; Aravindan, A.; et al. Maternal and Neonatal Characteristics, Operative Details and Outcomes in COVID-19 Positive Parturients Undergoing Cesarean Sections: A Retrospective Observational Study. J. Anaesthesiol. Clin. Pharmacol. 2022, 38, S52–S57. [Google Scholar] [CrossRef]

	



Das, P.; Upadhyay, R.K.; Misra, A.K.; Rihan, F.A.; Das, P.; Ghosh, D. Mathematical model of COVID-19 with comorbidity and controlling using non-pharmaceutical interventions and vaccination. Nonlinear Dyn. 2021, 106, 1213–1227. [Google Scholar] [CrossRef]

	



Maranto, M.; Gullo, G.; Bruno, A.; Minutolo, G.; Cucinella, G.; Maiorana, A.; Casuccio, A.; Restivo, V. Factors Associated with Anti-SARS-CoV-2 Vaccine Acceptance among Pregnant Women: Data from Outpatient Women Experiencing High-Risk Pregnancy. Vaccines 2023, 11, 454. [Google Scholar] [CrossRef]

	



Della Gatta, A.N.; Rizzo, R.; Pilu, G.; Simonazzi, G. Coronavirus Disease 2019 during Pregnancy: A Systematic Review of Reported Cases. Am. J. Obstet. Gynecol. 2020, 223, 36–41. [Google Scholar] [CrossRef]

	



Lau, C.-H.; Mao, C.-L.; Chang, Y.-K.; Chiu, S.-K.; Lan, C.-C.; Zhao, L.-L.; Lin, H.-Y.; Huang, S.-C.; Chiu, H.-C. Emergent Cesarean Section in a Preterm Pregnant Woman with Severe COVID-19 Pneumonia in Taiwan: A Case Report. Taiwan. J. Obstet. Gynecol. 2022, 61, 868–872. [Google Scholar] [CrossRef]

	



Debrabandere, M.L.; Farabaugh, D.C.; Giordano, C. A Review on Mode of Delivery during COVID-19 between December 2019 and April 2020. Am. J. Perinatol. 2021, 38, 332–341. [Google Scholar] [CrossRef] [PubMed]

	



Pomorski, M.; Trzeszcz, M.; Matera-Witkiewicz, A.; Krupińska, M.; Fuchs, T.; Zimmer, M.; Zimmer-Stelmach, A.; Rosner-Tenerowicz, A.; Budny-Wińska, J.; Tarczyńska-Podraza, A.; et al. SARS-CoV-2 Infection and Pregnancy: Maternal and Neonatal Outcomes and Placental Pathology Correlations. Viruses 2022, 14, 2043. [Google Scholar] [CrossRef] [PubMed]

	



Boncompagni, A.; De Agostini, M.; Lugli, L.; Ternelli, G.; Colonna, V.; Biagioni, E.; Bonasoni, M.P.; Salviato, T.; Gabrielli, L.; Falconi, M.; et al. Unexpected Vertical Transmission of SARS-CoV-2: Discordant Clinical Course and Transmission from Mother to Newborn. Microorganisms 2022, 10, 1718. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Definition and Categorization of the Timing of Mother-to-Child Transmission of SARS-CoV-2. Scientific Brief. Issued on 8th February 2021. Available online: https://www.who.int/publications/i/item/WHO-2019-nCoV-mother-to-child-transmission-2021.1 (accessed on 20 January 2023).

	



Yu, N.; Li, W.; Kang, Q.; Zeng, W.; Feng, L.; Wu, J. No SARS-CoV-2 Detected in Amniotic Fluid in Mid-Pregnancy. Lancet Infect. Dis. 2020, 20, 1364. [Google Scholar] [CrossRef] [PubMed]

	



Michailidou, D.; Stavridou, A.; Panagouli, E.D.; Sergentanis, T.N.; Psaltopoulou, T.; Bacopoulou, F.; Baltag, V.; Greydanus, D.E.; Mastorakos, G.; Chrousos, G.P.; et al. The Impact of COVID-19 during Pregnancy on Maternal and Neonatal Outcomes: A Systematic Review. EMBnet J. 2021, 26, e969. [Google Scholar] [CrossRef]

	



McDevitt, K.E.M.; Ganjoo, N.; Mlangeni, D.; Pathak, S. Outcome of Universal Screening of Neonates for COVID-19 from Asymptomatic Mothers. J. Infect. 2020, 81, 452–482. [Google Scholar] [CrossRef]

	



Zamaniyan, M.; Ebadi, A.; Aghajanpoor, S.; Rahmani, Z.; Haghshenas, M.; Azizi, S. Preterm Delivery, Maternal Death, and Vertical Transmission in a Pregnant Woman with COVID-19 Infection. Prenat. Diagn. 2020, 40, 1759–1761. [Google Scholar] [CrossRef]

	



Palalioglu, R.M.; Mahammadaliyeva, A.; Erbiyik, H.I.; Muhcu, M. COVID-19 in Third Trimester May Not Be as Scary as You Think, It Can Be Innocent: Evaluating Vertical Transmission from a COVID-19 Positive Asymptomatic Pregnant Woman with Early Membrane Rupture. J. Obstet. Gynaecol. Res. 2021, 47, 838–842. [Google Scholar] [CrossRef]

	



Schwartz, D.A.; Mohagheghi, P.; Beigi, B.; Zafaranloo, N.; Moshfegh, F.; Yazdani, A. Spectrum of Neonatal COVID-19 in Iran: 19 Infants with SARS-CoV-2 Perinatal Infections with Varying Test Results, Clinical Findings and Outcomes. J. Matern. Fetal Neonatal Med. 2022, 35, 2731–2740. [Google Scholar] [CrossRef]

	



Angelidou, A.; Sullivan, K.; Melvin, P.R.; Shui, J.E.; Goldfarb, I.T.; Bartolome, R.; Chaudhary, N.; Vaidya, R.; Culic, I.; Singh, R.; et al. Association of Maternal Perinatal SARS-CoV-2 Infection with Neonatal Outcomes during the COVID-19 Pandemic in Massachusetts. JAMA Netw. Open 2021, 4, e217523. [Google Scholar] [CrossRef]

	



Masuzaki, H.; Miura, K.; Miura, S.; Yoshiura, K.-I.; Mapendano, C.K.; Nakayama, D.; Yoshimura, S.; Niikawa, N.; Ishimaru, T. Labor Increases Maternal DNA Contamination in Cord Blood. Clin. Chem. 2004, 50, 1709–1711. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, M.; Abbas, Z.; Azami, M.; Belopolskaya, M.; Dokmeci, A.K.; Ghazinyan, H.; Jia, J.; Jindal, A.; Lee, H.C.; Lei, W.; et al. Asian Pacific Association for the Study of Liver (APASL) Guidelines: Hepatitis B Virus in Pregnancy. Hepatol. Int. 2022, 16, 211–253. [Google Scholar] [CrossRef]

	



Penfield, C.A.; Brubaker, S.G.; Limaye, M.A.; Lighter, J.; Ratner, A.J.; Thomas, K.M.; Meyer, J.A.; Roman, A.S. Detection of Severe Acute Respiratory Syndrome Coronavirus 2 in Placental and Fetal Membrane Samples. Am. J. Obstet. Gynecol. MFM 2020, 2, 100133. [Google Scholar] [CrossRef] [PubMed]

	



Parcial, A.L.N.; Salomão, N.G.; Portari, E.A.; Arruda, L.V.; de Carvalho, J.J.; de Matos Guedes, H.L.; Conde, T.C.; Moreira, M.E.; Batista, M.M.; Paes, M.V.; et al. SARS-CoV-2 Is Persistent in Placenta and Causes Macroscopic, Histopathological, and Ultrastructural Changes. Viruses 2022, 14, 1885. [Google Scholar] [CrossRef] [PubMed]

	



COVID-19 and Pregnancy. BMJ 2020, 369, m1672. [CrossRef]

	



Di Mascio, D.; Khalil, A.; Saccone, G.; Rizzo, G.; Buca, D.; Liberati, M.; Vecchiet, J.; Nappi, L.; Scambia, G.; Berghella, V.; et al. Outcome of Coronavirus Spectrum Infections (SARS, MERS, COVID-19) during Pregnancy: A Systematic Review and Meta-Analysis. Am. J. Obstet. Gynecol. MFM 2020, 2, 100107. [Google Scholar] [CrossRef]

	



American College of Obstetricians and Gynecologists. COVID-19, Pregnancy, Childbirth, and Breastfeeding: Answers from Ob-Gyns. Issued on 13 October 2022. Available online: https://www.acog.org/womens-health/faqs/coronavirus-covid-19-pregnancy-and-breastfeeding (accessed on 26 February 2023).

	



Khan, D.S.A.; Hamid, L.-R.; Ali, A.; Salam, R.A.; Zuberi, N.; Lassi, Z.S.; Das, J.K. Differences in Pregnancy and Perinatal Outcomes among Symptomatic versus Asymptomatic COVID-19-Infected Pregnant Women: A Systematic Review and Meta-Analysis. BMC Pregnancy Childbirth 2021, 21, 801. [Google Scholar] [CrossRef]

	



Jamieson, D.J.; Rasmussen, S.A. An Update on COVID-19 and Pregnancy. Am. J. Obstet. Gynecol. 2022, 226, 177–186. [Google Scholar] [CrossRef]

	



Allotey, J.; Stallings, E.; Bonet, M.; Yap, M.; Chatterjee, S.; Kew, T.; Debenham, L.; Llavall, A.C.; Dixit, A.; Zhou, D.; et al. Clinical Manifestations, Risk Factors, and Maternal and Perinatal Outcomes of Coronavirus Disease 2019 in Pregnancy: Living Systematic Review and Meta-Analysis. BMJ 2020, 370, m3320. [Google Scholar] [CrossRef]

	



Rasmussen, S.A.; Smulian, J.C.; Lednicky, J.A.; Wen, T.S.; Jamieson, D.J. Coronavirus Disease 2019 (COVID-19) and Pregnancy: What Obstetricians Need to Know. Am. J. Obstet. Gynecol. 2020, 222, 415–426. [Google Scholar] [CrossRef]

	



COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. National Institutes of Health. Available online: https://www.covid19treatmentguidelines.nih.gov/ (accessed on 26 February 2023).

	



Centers for Disease Control and Prevention. Considerations for Inpatient Obstetric Healthcare Settings. Issued on 19 November 2021. Available online: https://www.cdc.gov/coronavirus/2019-ncov/hcp/inpatient-obstetric-healthcare-guidance.html#print (accessed on 26 February 2023).

	



American College of Obstetricians and Gynecologists. COVID-19 FAQs for Obstetrician-Gynecologists, Obstetrics. Available online: https://www.acog.org/clinical-information/physician-faqs/covid-19-faqs-for-ob-gyns-obstetrics (accessed on 26 February 2023).

	



COVID-19 and Pregnancy: What Maternal-Fetal Medicine Subspecialists Need to Know. Available online: https://s3.amazonaws.com/cdn.smfm.org/media/3559/COVID19-What_MFMs_need_to_know_%286-21-22%29_final.pdf (accessed on 26 February 2023).

	



Montanari Vergallo, G.; Zaami, S. Guidelines and Best Practices: Remarks on the Gelli-Bianco Law. Clin. Ter. 2018, 169, e82–e85. [Google Scholar] [CrossRef] [PubMed]

	



Pressman, K.; Müller, R.; Krstić, N.; Običan, S. A Novel Clinic Structure for Exposure Counseling during Pregnancy. Birth Defects Res. 2022, 114, 855–862. [Google Scholar] [CrossRef] [PubMed]

	



Malvasi, A.; Marinelli, E.; Ghi, T.; Zaami, S. ISUOG Practice Guidelines for Intrapartum Ultrasound: Application in Obstetric Practice and Medicolegal Issues. Ultrasound Obstet. Gynecol. 2019, 54, 421. [Google Scholar] [CrossRef] [PubMed]

	



Gil Membrado, C.; Barrios, V.; Cosín-Sales, J.; Gámez, J.M. Telemedicine, Ethics, and Law in Times of COVID-19. A Look towards the Future. Rev. Clin. Esp. 2021, 221, 408–410. [Google Scholar] [CrossRef] [PubMed]

	



Aziz, A.; Zork, N.; Aubey, J.J.; Baptiste, C.D.; D’Alton, M.E.; Emeruwa, U.N.; Fuchs, K.M.; Goffman, D.; Gyamfi-Bannerman, C.; Haythe, J.H.; et al. Telehealth for High-Risk Pregnancies in the Setting of the COVID-19 Pandemic. Am. J. Perinatol. 2020, 37, 800–808. [Google Scholar] [CrossRef]

	



Marinelli, S.; Basile, G.; Zaami, S. Telemedicine, Telepsychiatry and COVID-19 Pandemic: Future Prospects for Global Health. Healthcare 2022, 10, 2085. [Google Scholar] [CrossRef]

	



Kaplan, B. Revisiting Health Information Technology Ethical, Legal, and Social Issues and Evaluation: Telehealth/Telemedicine and COVID-19. Int. J. Med. Inform. 2020, 143, 104239. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Descriptive analysis.






Table 1. Descriptive analysis.





	

	

	
Total n = 165






	
Reason for admission

	
COVID-19 symptoms

	
12 (7.3%)




	
obstetrics

	
107 (64.9%)




	
puerperium

	
31 (18.8%)




	
miscarriage

	
9 (5.4%)




	
other

	
6 (3.6%)




	
Symptomaticity

	
Asymptomatic or presymptomatic infection

	
146 (88.5%)




	
Mild illness

	
8 (4.8%)




	
moderate/severe illness

	
9 (5.5%)




	
critical illness

	
2 (1.2%)




	
Oxygen therapy

	
yes

	
11 (6.7%)




	
not

	
154 (93.3%)




	
Admission to intensive care

	
yes

	
3 (1.8%)




	
not

	
162 (98.2%)
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Table 2. Maternal descriptive analysis.






Table 2. Maternal descriptive analysis.





	

	

	
Total n = 165

	
Symptomatic n = 19

	
Asymptomatic n = 146

	
p<






	
Age (median, IQR)

	

	
30 (19–44)

	
33 (29–35)

	
30 (26–35)

	
0.2




	
Nationality

	
Italy

	
141 (85.5%)

	
16 (11.3%)

	
125 (88.7%)

	
0.9




	
Other

	
24 (14.5%)

	
3 (12.5%)

	
21 (87.5%)




	
BMI (mean, SD)

	

	
29.4 (5.4)

	
33.9 (6.9)

	
28.9 (4.9)

	
0.001




	
Previous respiratory pathologies

	

	
4 (2.4%)

	
1 (25%)

	
3 (75%)

	
0.37




	
Previous autoimmunitary pathologies

	

	
13 (7.9%)

	
3 (23.1%)

	
10 (76.9%)

	
0.15




	
Previous hematological pathologies

	

	
10 (6.1%)

	
2 (20%)

	
8 (80%)

	
0.35




	
Smoke

	
yes

	
17 (10.3%)

	
1 (5.9%)

	
16 (94.1%)

	
0.815




	
not

	
76 (46.1%)

	
10 (13.2%)

	
66 (86.8%)




	
Pregnancy outcome

	
Caesarean section

	
65 (39.4%)

	
9 (13.8%)

	
56 (86.2%)

	
<0.001




	
Spontaneous delivery

	
67 (40.6%)

	
0 (0%)

	
67 (100%)




	
Operative delivery

	
2 (1.2%)

	
0 (0%)

	
2 (100%)




	
Evolving pregnancy

	
15 (9.1%)

	
9 (60%)

	
6 (40%)




	
Miscarriage

	
10 (6.1%)

	
0 (0%)

	
10 (100%)




	
Ectopic pregnancy

	
2 (2.1%)

	
0 (0%)

	
2 (100%)




	
Preterm birth

	
not

	
104 (63.0%)

	
5 (4.8%)

	
99 (95.2%)

	
0.014




	
yes

	
26 (15.7%)

	
5 (19.2%)

	
21 (80.8%)

	




	
Weeks to delivery, mean (SD)

	

	
36.5 (7.7)

	
37.1 (7.7)

	
36.4 (8.0)

	
0.8




	
Complications during hospitalization

	
none

	
142 (86.6)

	
11 (7.7%)

	
131 (92.3%)

	
<0.001




	
Post-partum hemorrhage

	
5 (3%)

	
0 (0%)

	
5 (100%)




	
Pulmonary embolism

	
2 (1.2%)

	
1 (50%)

	
1 (50%)




	
Deep vein thrombosis

	
1 (0.6%)

	
0 (0%)

	
1 (100%)




	
Infections

	
2 (1.2%)

	
1 (50%)

	
1 (50%)




	
Hypertension in the puerperium

	
1 (0.6%)

	
0 (0%)

	
1 (100%)




	
Metrorrhagia in the puerperium

	
2 (1.2%)

	
0 (0%)

	
2 (100%)




	
Anemia

	
1 (0.6%)

	
0 (0%)

	
1 (100%)




	
other

	
8 (4.9%)

	
5 (62.5%)

	
3 (37.5%)








Missing data: age = 3, BMI = 38, previous pathologies = 2, smoke = 72, pregnancy outcome = 3, preterm birth= 35, complications during hospitalization = 1.
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Table 3. Neonatal descriptive analysis.






Table 3. Neonatal descriptive analysis.





	

	

	
Total n = 123

	
Symptomatic n = 11

	
Asymptomatic n = 112

	
p<






	
Birth weight (mean, SD)

	

	
3085 (584)

	
2610 (698)

	
3132 (553)

	
0.004




	
Weight according to gestational age

	
AGA

	
82 (66,6%)

	
6 (7.3%)

	
76 (92.7%)

	
0.74




	
SGA

	
15 (12.2%)

	
2 (13.3%)

	
13 (86.7%)




	
LGA

	
12 (9.8%)

	
1 (8.3%)

	
11 (91.7%)




	
Ventilation

	
not

	
96 (78%)

	
6 (6.25%)

	
90 (93.75%)

	
0.084




	
yes

	
9 (7.3%)

	
2 (22.2%)

	
7 (77.8%)




	
Nasopharyngeal swab positivity

	
not

	
117 (95.1%)

	
11 (9.4%)

	
106 (90.6%)

	
0.75




	
yes

	
1 (0.8%)

	
0 (0%)

	
1 (100%)




	
IgG positivity

	
not

	
50 (40.6%)

	
4 (8%)

	
46 (92%)

	
0.48




	
yes

	
14 (11.4%)

	
2 (14.3%)

	
12 (85.7%)




	
IgM positivity

	
not

	
61 (49.6%)

	
6 (9.8%)

	
55 (90.2%)

	
0.57




	
yes

	
3 (2.4%)

	
0 (0%)

	
3 (100%)




	
Intensive care

	
not

	
107 (87%)

	
10 (9.3%)

	
97(90.7%)

	
0.95




	
yes

	
11 (8.9%)

	
1 (9.1%)

	
10 (90.9%)








Missing data: weight according to gestational age = 14, nasopharyngeal swab positivity = 5, IgG positivity = 59, IgM positivity = 59, intensive care = 5.
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Table 4. Maternal univariable and multivariable analysis of factors associated to symptomatic COVID-19.
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Crude OR

	
IC95%

	
p

	
Adjusted OR

	
IC95%

	
p






	
Median age > 30 vs. <30 years

	

	
2.46

	
0.83

	
7.26

	
0.103

	
0.42

	
0.06

	
3.17

	
0.402




	
Nationality

	
Italy

	
ref

	

	

	

	

	

	

	




	
Other

	
1.12

	
0.30

	
4.16

	
0.870

	

	

	

	




	
BMI per unit increase

	

	
1.17

	
1.06

	
1.29

	
0.002

	
1.18

	
1.04

	
1.35

	
0.011




	
Previous respiratory pathologies yes vs. no

	

	
2.78

	
0.27

	
28.29

	
0.387

	

	

	

	




	
Previous autoimmunitary pathologies yes vs. no

	

	
2.70

	
0.67

	
10.91

	
0.163

	

	

	

	




	
Previous hematological pathologies yes vs. no

	

	
2.14

	
0.42

	
10.97

	
0.361

	
2.39

	
0.14

	
41.72

	
0.55




	
Smoke yes vs. no

	

	
0.64

	
0.22

	
1.86

	
0.415

	

	

	

	




	
Preterm birth

	

	
4.71

	
1.25

	
17.75

	
0.022

	
5.66

	
0.77

	
41.24

	
0.087
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Table 5. Neonatal univariable and multivariable analysis of factors associated with symptomatic COVID-19.
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Crude OR

	
IC95%

	
p

	
Adjusted OR

	
IC95%

	
p






	
Birth weight (mean)

	

	
0.99

	
0.99

	
1.00

	
0.007

	
0.99

	
0.99

	
1.00

	
0.074




	
Weight according to gestational age

	
AGA

	
ref

	

	

	

	
ref

	

	

	




	
SGA

	
1.95

	
0.35

	
10.72

	
0.443

	
1.04

	
0.06

	
18.80

	
0.979




	
LGA

	
1.15

	
0.13

	
10.49

	
0.900

	
3.27

	
0.14

	
77.66

	
0.464




	
Ventilation

	

	
4.33

	
0.73

	
25.56

	
0.105

	
26.95

	
1.26

	
574.29

	
0.035




	
IgG positivity

	

	
1.92

	
0.31

	
11.74

	
0.482

	

	

	

	




	
Intensive care

	

	
0.80

	
0.19

	
3.41

	
0.769

	
0.01

	
0.01

	
2.94

	
0.110
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