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Objectives: It is now well established that in utero vertical SARS-CoV-2 transmission can occur during the 

late third trimester. However, little is known about other gestational ages. Recently, an increased risk of 

early miscarriage was reported in pregnant women who were SARS-CoV-2-positive. The objective of the 

current study was to evaluate the putative SARS-CoV-2 vertical transmission during the first trimester of 

pregnancy. 

Design: This is an observational study on pregnant women who were SARS-CoV-2-positive during the 

first trimester. Fetal and syncytiotrophoblastic specimens were collected by hysterosuction from 17 preg- 

nant women who were SARS-CoV-2-positive and voluntarily terminated the pregnancy between week 8 

and 12. We investigated the viral vertical transmission using SARS-CoV-2 RNA detection in the fetus and 

syncytiotrophoblast by two different techniques. 

Results: The results suggest that SARS-CoV-2 vertical transmission is indeed possible during the first 

trimester in asymptomatic women. Although maternal viremia was never detected, roughly 30% of the 

fetuses and 17% of the syncytiotrophoblasts were found to be SARS-CoV-2-positive. 

Conclusion: Indeed, SARS-CoV-2 can spread to the fetus through the syncytiotrophoblast. Concerningly, 

this happens in asymptomatic pregnant women as well. Possible long-term detrimental consequences on 

fetal development still need to be assessed. This should be taken into consideration in the management 

of pregnant women by implementing preventive strategies. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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It is now well established that in utero vertical SARS-CoV-2 

ransmission can occur during the late third trimester ( Fenizia 

t al., 2020 ; Vivanti et al., 2020 ). A systematic review of the cases

eported in the literature estimated that of all the newborns who 

ere SARS-CoV-2-positive, congenital transmission ranged from 

.7 to possibly 12.2% ( Raschetti et al., 2020 ). As specimens are eas-

ly accessible postpartum, many studies focused on the late third 
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rimester to assess the risk of vertical transmission. However, little 

s known about other gestational ages. 

The ability of SARS-CoV-2 to infect a given tissue is directly cor- 

elated to the expression of viral host cell entry factors ( Kumar 

t al., 2021 ; Wang et al., 2020 ). Among others, the two major 

ost cell factors, which directly correlate with the ability of SARS- 

oV-2 to successfully enter and infect cells, are the angiotensin- 

onverting enzyme 2 and the transmembrane protease serine 2 

 Hoffmann et al., 2020 ; Rossi et al., 2021 ). Interestingly, the pla-

ental expression of angiotensin-converting enzyme 2 and trans- 

embrane protease serine 2 is higher during the first trimester 

nd decreases over time ( Cui et al., 2021 ; Valdés et al., 2006 ). It

s therefore tempting to speculate about a putatively higher risk 
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Table 1 

Study population. 

Total study 

population ( n = 17) 

Age, years, median (range) 34 (27-39) 

Gestational age at admission, median (range) 10 (8-12) 

Real-time polymerase chain reaction assay of 

a nasopharyngeal swab 

Positive, n (%) 17 (100) 

Body mass index, kg/m 

2 , median (range) 22 (18-31) 

Known sick contact, n (%) 1 (6) 

Smoking, n (%) 2 (12) 

Ethnicity, Caucasian, n (%) 9 (53) 

Chronic comorbidity, n (%) 1 (6) 

Obesity, n (%) 1 (6) 

Parity, nulliparous, n (%) 4 (24) 

Symptomatic patients, n (%) 0 (0) 
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f SARS-CoV-2 infection during such time. In the literature, just a 

ew cases of miscarried fetuses are reported, who then are found 

o be SARS-CoV-2-positive themselves and/or their placenta, over- 

ll spanning from week 13 to 24 ( Baud et al., 2020 ; Chamseddine

t al., 2020 ; Hosier et al., 2020 ; Pulinx et al., 2020 ; Valdespino-

ázquez et al., 2021 ). The putative contribution of SARS-CoV-2 in- 

ection to such pregnancy losses needs to be carefully evaluated. 

ecently, a large study reported a higher risk of early miscarriage 

uring the first trimester in pregnant women infected with SARS- 

oV-2 than in the general noninfected population ( Balachandren 

t al., 2022 ). Moreover, those cases of miscarriages might repre- 

ent the so-called tip of the iceberg because the vertical transmis- 

ion might occur more frequently early on during the pregnancy. 

he actual risk of vertical transmission during the first trimester 

f pregnancy and the possible detrimental consequences on fetal 

evelopment need to be promptly assessed. 

In this scenario, we performed a study by testing the presence 

f the virus in syncytiotrophoblastic and fetal specimens on a co- 

ort of 17 women who were SARS-CoV-2-positive and voluntarily 

erminated the pregnancy during the first trimester. 

aterial and methods 

tudy population 

This is an observational, cross-sectional monocentric study that 

ncludes 17 pregnant women between week 8 and 12 gestation 

ho voluntarily terminated the pregnancy, in full compliance with 

he Italian law No. 194 of May 22, 1978. None of the pregnancy 

erminations was related to any medical condition. At the time 

f admission, they all resulted SARS-CoV-2-positive through poly- 

erase chain reaction (PCR) test using nasopharyngeal swabs. All 

he subjects were enrolled between November 2020 and February 

021, with the Delta variant being the leading variant at the time. 

herefore, given the considered timeframe, none of the subjects re- 

eived any SARS-CoV-2 vaccination. All the subjects self-reported 

o previous SARS-CoV-2 infections. All women underwent clini- 

al evaluation of vital signs and symptoms and laboratory analy- 

is at admission. The therapeutic management was consequently 

ailored according to the clinical findings and national guidelines. 

emographic and anthropometric characteristics and medical and 

bstetric comorbidities were recorded at enrollment through a cus- 

omized data collection form and summarized in Table 1 . Briefly, 

ll enrolled women were asymptomatic, and all pregnancies were 

ingleton, with regular evolution for gestational age. Data accuracy 

as independently verified by two study investigators. 
160 
pecimen collection 

Biological samples were collected during the termination pro- 

edure, which consisted of hysterosuction intervention for all the 

nrolled subjects. In particular, full-thickness syncytiotrophoblasts 

nd fetus biopsies were obtained. Bioptic samples were obtained 

n a sterile way by a dedicated operator. Moreover, a 10-ml mater- 

al blood sample in ethylenediaminetetraacetic acid was collected. 

amples from obstetrics and gynecology units were immediately 

ransferred to the dedicated laboratory to be readily processed. 

issue processing 

The collected syncytiotrophoblastic and fetal tissues were fur- 

her processed only when clearly identifiable. The inner portion 

f syncytiotrophoblasts was isolated. Biopsies were manually dis- 

ected into few sections of approximately 2 mm 

3 . Such sections 

ere then thoroughly homogenized and total RNA was isolated us- 

ng the acid guanidinium thiocyanate-phenol-chloroform method 

RNAbee, Duotech, Milan, Italy). As a result, RNA in RNase-free wa- 

er was obtained. 

Plasma samples were collected from the blood of all enrolled 

ubjects. RNA was extracted by the Maxwell® RSC Instrument 

ith the Maxwell® RSC Viral Total Nucleic Acid Purification Kit 

Promega, Fitchburg, WI, USA). As a result, RNA eluted in RNase- 

ree water was obtained. 

ARS-CoV-2 detection 

Each RNA sample was analyzed by real-time PCR and Quanti- 

ene technology (Thermo Fisher Scientific, Waltham, MA, USA). 

Once RNA was reverse transcribed into complementary DNA, 

eal-time PCR was performed on a CFX96 (Bio-rad, CA, USA) using 

aqMan probes specifically designed to target two regions of the 

ucleocapsid gene of SARS-CoV-2. For such application, we used 

he 2019-nCoV Centers for Disease Control and Prevention quan- 

itative PCR Probe Assay Emergency Kit (IDT, IA, USA), which also 

ncludes primers and probes that target the human RNase P gene. 

 cycle threshold value < 37 was defined as a positive test result, 

ccording to the manufacturer’s instructions. 

Gene expression of 100 ng of RNA was performed by quanti- 

ene Plex assay (Thermo Scientific, Waltham, MA, USA), which 

rovides a fast and high throughput solution for multiplexed gene 

xpression quantitation based on Luminex technology, allowing the 

imultaneous measurement of seven custom-selected viral genes of 

nterest in a single well of a 96-well plate. The quantiGene technol- 

gy is not based on the amplification of retrotranscribed samples, 

educing sample handling. 

All the procedures were carried out in accordance with the 

ood laboratory practice guidelines adapted in our laboratory. 

esults 

To address the risk of vertical transmission during 

he first trimester, we enrolled 17 unvaccinated asymp- 

omatic/paucisymptomatic pregnant women who were SARS- 

oV-2 positive between week 8 and 12 gestation and voluntarily 

erminated the pregnancy. 

Upon the medical procedure of pregnancy termination, abortive 

issues were sampled. Specimens were processed and tested by 

eal-time PCR, as previously described ( Fenizia et al., 2020 ). Due 

o the collection procedure, samples were contaminated with ma- 

ernal blood. Although it is unlikely, because SARS-CoV-2 viremia 

haracterizes the most severe clinical outcomes only ( Hagman 

t al., 2022 ; Jacobs et al., 2021 ), we tested maternal blood as well

o exclude a possible carry-over of the virus from such tissue. Upon 
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Figure 1. SARS-CoV-2 detection for the 17 enrolled subjects. (a) Real-time polymerase chain reaction cycle threshold values are reported in panel a. (b) QuantiGene assay on 

fetal and syncytiotrophoblastic tissues. For each of the viral targets, values are expressed as fluorescence arbitrary units. Abbreviations: FT, fetal tissue; MB, maternal blood; 

ST, syncytiotrophoblast tissue. 
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ollection by venipuncture before the clinical procedure, blood 

amples were processed and tested by real-time PCR. No plasma 

ample (0%) resulted in SARS-CoV-2-positive. Stunningly, five out 

f the 17 (29%) considered fetuses were found to be SARS-CoV-2- 

ositive, as well as three syncytiotrophoblasts (17%) ( Figure 1 ). In 

wo cases (number 6 and 9), both the fetus and the syncytiotro- 

hoblast tested positive, whereas in three cases (number 2, 10, 

nd 17), only the fetus tested positive. We found one case only 

number 16) displaying SARS-CoV-2 positivity in the syncytiotro- 

hoblast but not the fetus. Moreover, this was the only case of 

iscrepancy between the real-time PCR and the QuantiGene as- 

ay, probably due to the extremely low amount of the virus. All 

he other samples tested by real-time PCR and by QuantiGene as- 

ay in parallel ( Figure 1 a and 1 b, respectively) resulted to be con-

ordant. No significative differences were reached when comparing 

ge, parity, gestational age, or comorbidities between the pregnan- 

ies resulting in fetal/syncytiotrophoblast infection and the ones 

hat did not, with the cohort size as a limiting factor (data not 

hown). 

iscussion 

Although preliminary, these data suggest that vertical transmis- 

ion in the first trimester might be possible and, even more con- 

erningly, it can happen in asymptomatic pregnant women as well. 

The ability of SARS-CoV-2 to spread to the fetus is not an iso- 

ated case among viruses ( Koyuncu et al., 2013 ). Indeed, among 

ther pathogens, the rubella virus and cytomegalovirus can be 

ften vertically transmitted during the first trimester and com- 

only have severe consequences ( Stegmann and Carey, 2002 ). On 

 broader picture, placental and fetal infection or even just in- 

ammation relates to growth restriction, birth defects, bone mar- 

ow suppression, altered neurodevelopment, and even fetal demise 

 Megli and Coyne, 2022 ). It is still controversial whether the SARS- 

oV-2 pandemic has been going together with an increased mis- 
161 
arriage rate because opposing data were reported ( Cosma et al., 

021 ; Kazemi et al., 2021 ). However, the infection or the resulting 

nflammation might still have nonlethal detrimental effects, which 

ay be hard to assess now, that is, the fetal neural system devel- 

ps rapidly during the first trimester. It is already well documented 

hat the complex network of neural circuits, the glia and neuron 

roliferation, migration, and synapse formation is affected by an 

nflammatory environment ( Ganguli and Chavali, 2021 ; Han et al., 

021 ; Khan and Gomes, 2020 ). In parallel, it is now well under- 

tood that SARS-CoV-2 can penetrate the central nervous system 

nd develop an infection whose symptoms might last for months 

 Huang et al., 2021 ; Wan et al., 2021 ). Indeed, part of the COVID-

9-related symptoms pivots around the nervous systems, includ- 

ng the so-called long-COVID ( Carfì et al., 2020 , p. 19; Davis et al.,

021 ; Huang et al., 2021 ). Long-term consequences of SARS-CoV-2 

n a developing fetal nervous system still need to be assessed, for 

xample, cognitive skills developed in a span of time of years. It is 

robably too early to assess if SARS-CoV-2 might be “the newest 

park” of TORCH ( Muldoon et al., 2020 ). 

How SARS-CoV-2 reaches the syncytiotrophoblast, especially in 

he absence of detectable viremia, is still an open question. The 

rocess of viral spreading throughout the different tissues/organs 

s not clearly identified. It may happen through the systemic blood 

irculation but in a rather transitory and hard-to-detect man- 

er. On the other hand, it has been proposed that SARS-CoV-2 

ould take advantage of different routes, such as the digestive 

ract ( Scaldaferri et al., 2020 ; Trougakos et al., 2021 ), the cen-

ral/peripheral nervous system ( Trougakos et al., 2021 ; Wu et al., 

020 ), and the lymphatic drainage system ( Aguirre García et al., 

021 ; Bostancıklıo ̆glu, 2020 ; Xiang et al., 2021 ), together with the 

preading through adjacent tissues ( Zeng et al., 2022 ). We hypoth- 

size that SARS-CoV-2 might reach the maternal uterine area by 

ontiguity to the intestine, which is found to be positive in roughly 

0% of subjects who were infected with SARS-CoV-2 ( Guo et al., 

021 ). 
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We observed that all the tested matching syncytiotro- 

hoblast/fetus samples were not always concordant with SARS- 

oV-2 positivity. We speculate that this apparent discrepancy 

ight rely on biological reasons. Once the virus reaches the syn- 

ytiotrophoblast or the placenta, it spreads to the fetus by ei- 

her active viral production, just altered permeability, or both 

 Argueta et al., 20AD ; Fenizia et al., 2020 ; Hosier et al., 2020 ). It

as been reported that placental infection is rather transitory and 

ot highly productive ( Colson et al., 2021 ; Tallarek et al., 2021 ),

aking viral detection harder. Such dynamics were observed in 

ully mature at-term placentas, which display different features 

rom the syncytiotrophoblasts within week 12 included in our 

tudy, but no study was reported on this very same kind of spec- 

men so far. An alternative explanation might rely on the sam- 

ling. SARS-CoV-2 does not spread through the whole syncytiotro- 

hoblast/placenta but rather infects distinct foci, putatively adding 

ome inconsistency to the tissue sampling and possibly leading to 

 consequent underestimation of the positive cases (unpublished 

bservation); although, we sampled and pooled multiple bioptic 

ections for each syncytiotrophoblast. 

A caveat of the current study is the limited number of enrolled 

omen because these kinds of specimens are not easy to obtain. 

n the other hand, because the PCR is somehow prone to contam- 

nation, on top of carefully applying all the good laboratory prac- 

ices, we double-tested each sample with an additional different 

pproach. In fact, the quantiGene assay is not based on amplifi- 

ation, as in the case of PCR, and it was designed to target dif-

erent regions for an increased reliability. Moreover, the hystero- 

uction procedure is not prone to any kind of contamination other 

han maternal blood. Together with the fact that there is no other 

tudy performed on such specimens during the first trimester of 

regnancy, another strength of this work is that specimens were 

ollected from asymptomatic mothers with no SARS-CoV-2-related 

omplications. Indeed, this may be closer to the majority of the 

regnancies and more informative on the extension of the actual 

isk of vertical transmission during the first trimester. 

Little is known about the impact of SARS-CoV-2 infection in this 

cenario, which will probably be unraveled in the coming years. 

he current work provides the first insight into the putative risks 

f SARS-CoV-2 vertical transmission during the first trimester, and 

t should be taken into consideration in the management of preg- 

ant women by implementing preventive strategies once again. 
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