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Abstract 

 

We previously demonstrated that the late gestation placental expression pattern of ACE2 (the 

primary SARS-CoV-2 receptor) is localized to the villous syncytiotrophoblast (ST), usually in a 

polarized membranous pattern at the ST base sparing the apical surface (that directly exposed to 

maternal blood). We found that the late gestation placental expression pattern of TMPRSS2 (the 

spike proteinase required for SARS-CoV-2 cellular infection), is usually absent in the trophoblast but 

rarely, weakly expressed in the placental endothelium. We now show the developmental protein 

expression patterns of ACE2 and TMPRSS2 by immunohistochemistry throughout gestation, from 

first through third trimester. We found TMPRSS2 expression was rarely detectable in villous 

endothelium and very rarely detectable in the ST across gestation. We found ACE2 expression varied 

during gestation with circumferential ST expression more common in early gestations and polarized 

expression more common in later gestation. Although this study is small, these preliminary results 

suggest that earlier gestation pregnancies may be more vulnerable to infection than later gestation 

pregnancies. 
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Background 

Most viruses that infect the placenta do so via hematogenous spread leading to infection of the villi 

[1, 2]. Infection of the placenta, and subsequently, the fetus, typically occurs by direct villous 

trophoblastic infection or a paracellular route via damage to the villous trophoblastic barrier. The 

virus must be transported across the villous stroma and through the vascular endothelium to enter 

the fetal bloodstream and cause congenital (vertical) infection [3]. Alternatively, the virus can enter 

the placental/fetal blood stream more directly via villous vasculosyncytial membrane infection, 

where the villous syncytiotrophoblast (ST) and the villous capillary endothelium are apposed, 

essentially functioning as a single unit [4]).  

 

Despite a large number of women with COVID-19 during pregnancy, SARS-CoV-2 rarely infects the 

placenta [5, 6]. Furthermore, vertical infection of the fetus by SARS-COV-2 is quite rare and has been 

documented in only a few case reports usually in term gestations [7-10].  Transmission and infection 

in early  pregnancy has not been well studied. Lack of maternal-fetal transmission is likely due in 

large part to the apparent low prevalence of SARS-CoV-2 viremia in pregnancy[6], while reported 

rates of viremia in non-pregnant populations have ranged widely, from 1 – 27 % [11, 12]. No viremia 

was detected in 62 SARS-CoV-2-infected pregnant women we studied and reported previously [6].  

 

To enter and infect cells, SARS-CoV-2 requires a receptor, most commonly ACE2, and a serine 

protease, usually TMPRSS2 [13]. Receptor and protease must be co-expressed in cells for SARS-CoV-

2 infection to occur. In our previous work we showed that ACE2 is expressed in the ST, extravillous 

trophoblast (EVT), and cytotrophoblast (CT) and that TMPRSS2 was usually not detected by 

immunohistochemistry in any later-gestation placental cells [6, 14].  The function of ACE2 in the 

placenta is  thought to activate the renin-angiotensin system in chorionic villi and extravillous 
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trophoblast. ACE2 may play a role in trophoblast invasion and changes in vascular flow [15-18]. 

When present, TMPRSS2 was rarely and very weakly detected in the placental (fetal) endothelium 

and ST (in a uniform pattern) [6, 14]. The role of TMPRSS2 expression in the placenta is unknown. 

Based on our prior findings, we hypothesized that one barrier to vertical SARS-CoV-2 transmission is 

that ACE2 protein expression pattern is polarized towards the stromal (basal) side of the villous ST 

and rarely expressed on the apical side where it would be directly exposed to maternal blood and 

SARS-CoV-2 viremia (Figure 1) [6, 14]. Polarized ACE2 expression, away from maternal blood, would 

likely limit viral adhesion to the ST, and widespread absence of TMPRSS2 in the ST would likely 

inhibit viral entry into the villous trophoblast.  

 

While this protein expression pattern may play a protective role against placental and vertical SARS-

CoV-2 infection in later gestations, the receptor expression pattern in early-gestation placentas has 

not been described. Importantly, if the polarized expression pattern develops over gestation and is 

not present in first or second trimester placentas, early gestational SARS-CoV-2 infections may cross 

the placenta more readily and lead to vertical SARS-CoV-2 transmission, possibly with damaging fetal 

effects (analogous to the more damaging effects seen with early gestation Zika virus [ZikV] infection 

[19]). To better understand the risk of early gestational vertical SARS-CoV-2 transmission, we 

examined placental receptor expression patterns from early first trimester through to mid third 

trimester. 

Methods 

We ascertained and included pre-pandemic women or women testing negative for SARS-CoV-2 

infection who underwent a therapeutic pregnancy termination or preterm delivery between 

1/1/2019 and 12/1/2020 by searching the Massachusetts General Hospital pathology database. We 

reviewed placental or villous tissue hematoxylin and eosin slides and pathology reports and 
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retrieved appropriate formalin fixed paraffin embedded (FFPE) blocks for immunohistochemical 

(IHC) studies. Initial diagnoses were rendered by perinatal pathologists, either by DJR or by 

pathologists she trained, using the Amsterdam Consensus diagnostic nosology [20].  We performed 

IHC on 5 micron sections from FFPE blocks including villous tissue using an automated stainer (Bond-

III; Leica Microsystems Bannockburn, IL) with ACE2 monoclonal antibody (clone CL4035 [1:15,000], 

Thermo Fisher Scientific, Waltham, MA) and TMPRSS2 antibody (clone PA5-83286 [1:1,000] Thermo-

Invitrogen, Carlsbad, CA) in accordance with the manufacturer’s recommendations. The slides were 

stained in a single batch with appropriate controls. A perinatal pathologist (DJR) reviewed IHC slides 

and qualitatively scored each for location and intensity of the signal. The study was approved by the 

Mass General Brigham Institutional Review Board (2020P001116) and was exempt of the 

requirement for informed consent. 

 

Results  

We examined 12 cases ranging in gestational age from 5 weeks 3 days to near term at 36.0 weeks 

(Table 1). Both IHC stains produced signals in control tissue (Figures 1 and 2). ACE2 expression was 

uniformly strong in the villous ST, CT (Figure 2) and EVT (data not shown) in a membranous pattern. 

We again observed a common distinct ACE2 expression polarity in the ST favoring basal over apical 

expression (10/12 cases), but occasionally observed a primarily circumferential membranous 

expression (3/12 cases, one overlap with the basal expression pattern) (Figure 2A). Among three 

cases with predominantly circumferential staining, two cases (cases 1 and 6) had an earlier 

gestational age, whereas one case (case 11) has a later gestational age (Table 1). TMPRSS2 

expression was usually not detected in villous tissues but occasionally weakly detected in the ST 

(cases 1 and 6) or placental endothelium (cases 5 and 10) and was not detected in the EVT (data not 

shown). The TMPRSS2 expression pattern was cytoplasmic to faintly membranous (Figure 2, B and 

C). 
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Discussion 

Here, we demonstrate that the ACE2 receptor needed for cellular SARS-CoV-2 placental infection, is 

expressed in the placental ST, EVT, and CT across all three pregnancy trimesters. Similar to our 

previous findings in third trimester pregnancies exposed to SARS-CoV-2 [6, 14], we find rare, weak 

expression of the serine protease TMPRSS2 in the placental endothelium and very rarely in the ST 

(Figures 1B, 2B, and 2C). Overall, we conclude that TMPRSS2 is not detectable or weakly expressed in 

the placental villous tissues throughout pregnancy. We also again show that ACE2 expression is 

polarized, such that the apical ST surface directly exposed to maternal blood usually does not 

express the protein, but rather, ACE2 expression is biased to the ST stromal (basal) side (Figures 1A 

and 2A). We suggest that this expression pattern offers some barrier to placental cellular SARS-CoV-

2 infection when spread hematogenously. However, in early gestation ACE2 is expressed more 

frequently circumferentially in the ST (Figure 2A). Relatively higher ACE2 expression on the apical ST 

surface in early gestation suggests a weakness of the ST barrier function which could result in higher 

placental infection rates and vertical SARS-CoV-2 transmission in the setting of early pregnancy 

exposures, although this has not been reported to date. As more pregnant women recover from first 

trimester SARS-CoV-2 infection, it is important to remain vigilant to possible placental infection and 

vertical transmission. Experience with other TORCH or TORCH-like infections suggests that infections 

in early gestation may be more morbid to the fetus than those in later gestation [21, 22].  

 

Vertical transmission of some RNA viruses, including HIV and ZikV, is also dependent on receptor and 

cofactor cellular expression. The placental expression pattern of these factors has not been fully 

described, but in the case of HIV, receptors are expressed weakly on the ST and expression appears 

to be circumferential [23].  In contrast, ZikV appears to infect the placenta via paracellular pathways, 

where its receptors and cofactors are not expressed on the ST but are instead present in CT, EVT, 

and Hofbauer cells [24]. Unfortunately, placental expression patterns of other RNA viruses have not 
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been well described [14]. Understanding which cell types express viral receptors and cofactors, and 

their expression patterns, are critical to understanding the mechanisms of placental infection, 

vertical transmission, and developing targeted prevention and treatment. 

 

The main limitation of this study is the small sample size. We also did not include SARS-CoV-2 

infected placentas, as we chose to examine the native expression pattern of these factors. In 

addition, SARS-CoV-2 infected placentas are rare and to date we have none from the first or second 

trimester. In our previous work [14] and unpublished subsequent cases, we did not find evidence of 

altered expression in the presence of SARS-CoV-2 infection.  We cannot exclude possible effects of 

fetal anomalies on these expression patterns but feel such effects are  unlikely based on our prior 

clinical and research experience. 

 

In summary, these findings suggest vertical SARS-CoV-2 infection is possible in early gestation and 

may be facilitated based more prevalent ACE2 receptor expression on the apical side of the ST. The 

prevalence of vertical infection in early pregnancy and effects on the fetus and newborn remain 

unknown and are critical gaps in knowledge needed to appropriately advise women and their 

medical providers.  
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Table 1  Case Data 

 

Case number Gestational age 
(weeks) 

Clinical history ACE2 expression 
pattern in ST 

TMPRSS2  
expression 

1 5 + 3d TAB ~80 % 
circumferential,~20% 
polarized 

Very weakly 
positive in ST 
and 
endometrial 
glands 

2 7 TAB Polarized Negative 

3 8 TAB ~75% polarized, 
~25% circumferential 

Negative 

4 8 + 5d TAB Polarized Negative 

5 8 + 6d TAB ~80% polarized, 
~20% circumferential 

Faint, villous 
endothelium 

6 12 TAB, fetal 
anencephaly 

Circumferential Negative in 
ST, weakly 
positive in 
endometrial 
glands 

7 18 PPROM ~80% polarized, 
~20% circumferential 

Negative 

8 21 TAB, AV Canal 
defect 

Polarized Negative 

9 23 TAB, fetal 
forebrain 
anomalies 

~50% polarized, 
~50% circumferential 

Negative 

10 28 PET with severe 
features 

Polarized Faint, villous 
endothelium 

11 33 Chorio, NRFHT ~20% polarized, 
~80% circumferential 

Negative 

12 36 IUGR, Breech, 
severe oligo 

~80% polarized, 
~20% circumferential 

Negative 

 

AV Canal – atrioventricular canal heart defect, Chorio – acute chorioamnionitis, d – days,  IUGR – 

intrauterine growth restriction, NRFHT – non-reassuring fetal testing, oligo – oligohydramnios, PET – 

pre-eclampsia, PPROM – preterm premature rupture of membranes, ST – syncytiotrophoblast, TAB – 

therapeutic abortion 
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Figure Legends 

Figure 1. ACE2 and TMPRSS2 expression in the placenta of a woman testing negative for SARS-

CoV-2 at 33 weeks 4 days (new figure from a case published in [14]) 

A. ACE2 expression showing polarized expression of ACE2 in the ST basally (towards the 

stromal side of the ST) cells (arrow) with absent apical expression. 20X. 

B. TMPRSS2 expression showing very weak expression in the villous endothelium 

(arrowheads). 20X. 

ST - syncytiotrophoblast 

 

Figure 2. ACE2 and TMPRSS2 expression in early gestation 

A. ACE2 expression in case 5 showing both polarized expression (arrowhead) and 

circumferential expression (arrow) in the same villous ST. 20X. 

B. TMPRSS2 expression in case 10 showing weak staining in the villous endothelium 

(arrow). 40X. 

C. TMPRSS2 expression in case 1 showing very weak expression in circumferentially in 

the villous ST (arrows). 20X. 

D. TMPRSS2 control expression in prostatic epithelium. Note that weaker expression in 

some of the glandular epithelium is similar to that in B and C. 10X. 

E. ACE2 control expression in small intestinal epithelium. 20X. 

 

ST – syncytiotrophoblast 
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Figure 1 
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Figure 2 

 


