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Summary

From a case of in utero foetal death at 24** weeks of gestation that occurred two days after the
diagnosis of symptomatic SARS-CoV-2 infection in the mother, we isolated the incriminating virus by
immunochemistry and molecular techniques in several foetal tissues, with a variant analysis of the

SARS-CoV-2 genome.
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Abstract

Observations of vertical transmission of SARS-CoV-2 infection from mother to foetus have recently
been described in the literature. However, the consequences of such transmission, whether foetal or
neonatal, are poorly understood. From a case of in utero foetal death at 24" weeks of gestation that
occurred seven days after the diagnosis of symptomatic SARS-CoV-2 infection in the mother, we
isolated the incriminating virus by immunochemistry and molecular techniques in several foetal
tissues, with a variant analysis of the SARS-CoV-2 genome. Moreover, the foetal demise could be
explained by the presence of placental histological lesions, such as histiocytic intervillositis and
trophoblastic necrosis, in addition to foetal tissue damage. We observed mild foetal growth
retardation and visceral damage to the liver, causing hepatocellular damage and haemosiderosis. To
the best of our knowledge, this is the first report in the literature of foetal demise secondary to
maternal-foetal transmission of SARS-CoV-2 with a congenital infection and a pathological
description of placental and foetal tissue damage. SARS-CoV-2 was identified in both specimens by
three independent techniques (immunochemistry, RT-gPCR and RT-dPCR). Furthermore, the

incriminating variant has been identified.
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Introduction

Pregnancy is associated with a higher risk of severe SARS-CoV-2 infection than that in the
nonpregnant population (1,2). The risk of vertical transmission and its possible consequences have
already been studied (3-5). Thus, it was only recently shown that vertical transmission from the
mother to foetus was possible. Although some authors pointed out that the risk of miscarriage did
not appear to be increased in infected women (6), the possibility of an unfavourable pregnancy
outcome, such as intrauterine foetal death (IUD), secondary to SARS-CoV-2 infection remains
unresolved. The diagnosis and identification of a variant would also be questions raised by such a
possibility. Here, we present the adverse outcome of an intrauterine infection of SARS-CoV-2 causing
foetal demise and placental and foetal injuries, with the identification of viral RNA and proteins in

both specimens in addition to detection of the incriminating variant.

Case study

A 40-year-old woman, gravida 3, para 2, was admitted to the maternity emergency unit in February
2021 at 24" weeks of gestation (WG) for decreased active foetal movements. The patient already
had two healthy children born at term from uncomplicated pregnancies and only had a history of
hypothyroidism that was stable and treated for 10 years with L-thyroxin. The pregnancy was
uneventful, and all ultrasound examinations and routine tests were normal. A mid-trimester

ultrasound was performed 2 weeks earlier and was normal.

Six days before her admission, she presented with a severe cough without fever. Real-time
polymerase chain reaction (RT-gqPCR) testing of SARS-CoV-2 was positive on her nasopharyngeal

swabs, which allowed the detection of 20H/501Y. V2 (B1.351, Beta) variant.

On arrival at the department, the patient was haemodynamically stable, had good oxygen saturation
(99%), and did not have a fever (36°1); her respiratory rate was 19 cycles/minute. Routine laboratory

tests revealed thrombocytopenia of 100.000 G/L, and her haemoglobin was 11.5 g/dl. The



ultrasound showed a 550 g foetus with only a few movements, normal amniotic fluid and normal
placental morphology and umbilical Doppler. The foetal heart rate was 150 bpm, which was
normally oscillating and reactive for the term. Ultrasound and follow-up monitoring were then
recommended, without indication for hospitalization. The next day, the patient presented with
blood loss and decreased foetal movements. On ultrasound, foetal cardiac activity was not found,
leading to the diagnosis of an IUD. The ultrasound appearance of the placenta was unremarkable,
with normal amniotic fluid. The medical assessment carried out in the patient 24 hours prior showed
that the patient was stable (111,000 G/L platelets, normal coagulation and hepatic assessment). It
was decided to induce labour, which delivered a stillborn female weighing 528 g. A pathological

examination of the foetus and placenta was offered and approved by the couple.

Materials and Methods

Pathological examination

Foetal autopsy and placental sampling and grossing were performed according to recommendations
of the French Society of Fetopathology (7). Body parameters and fresh organ weights were

evaluated according to Maroun and Graem growth curves.

Microscopic examination was carried out for foetal and placental tissues fixed in 4% buffered
formalin, and samples were paraffin embedded (FFPE). Staining methods performed on 3-5 pum thick
sections were haemalun eosin saffron, Perls Prussian blue (thymus, lung, bronchial tree, stomach,
spleen, adrenal gland, kidney, oesophagus, liver, heart, pancreas, and trachea), Trichrome (liver and

heart) and Reticulin (liver) stains.

IHC with peroxidase detection and haemalun counterstain was performed in a Ventana BenchMark
XT and Ventana BenchMark ULTRA automat using the ultra-View Universal DAB Detection kit after

heat pretreatment at pH 6 or 9 depending on the monoclonal antibodies tested: CD163 (Leica 10D6,



1:250), CD20 (Cliniscience L26, 1/150), CD3 (Dako F7.2.38, polyclonal ready to use), CD8 (DAKO
CD8/144B, 1:1000), CD4 (Roche SP35 ready to use), MUM1(DAKO Mum1P, 1:25), CD68 (Menarini
KP1, 1/200), AE1-AE3 (Roche polyclonal ready to use), HSV1 (DAKO poly, 1/500, HSV2 (Diagnostics,
poly, ready to use), PAVOVIR9 (KO, polyclonal B150), CMV1 (B1.8KO, 1/500, HSV2 (Clinostics, 4CAC4,
ready to use), and PAVOVIR9 (R9:100). C5b-9 and C4d were used as negative controls on foetal (liver
and lung) and placental specimens with similar preanalytic conditions. The identification of C5b-9
and C4d within some of the decidual cells and in a number of villi and perivillous fibrin deposition

were considered nonspecific staining.

SARS-CoV-2 (ProSci, 2019-nCoV Envelope antibody, rabbit pAB,1:100), SARS-CoV-2 (RDS, SARS-CoV-2
Spike S1, monoclonal mouse, 1:10). Negative controls (placenta and foetal liver specimens) were
included for SARS-CoV-2 proteins with similar preanalytic conditions of formalin fixation.
Immunochemistry (IHC) using anti-SARS-CoV-2 antibodies (anti-envelope and/or anti-spike proteins)
was carried out on placental (extraplacental membranes, placental disk) and selected FFPE foetal

specimens (lung, heart, liver and stomach).

RNA extraction

Paraffinized samples (one slide per tissue sampled) were pretreated with deparaffinization solution
(QIAGEN), frozen samples were mashed, and all lysates were incubated with Proteinase K. After the
addition of MS2 bacteriophage (as an extraction control), nucleic acid samples were extracted by

EZ1 Virus Mini Kit v2.0 (QIAGEN) on an EZ1 automat (QIAGEN).

RT-qPCR for SARS-CoV-2

The extracts obtained were tested using the TagPath™ COVID-19 triplex RT-gPCR kit (Thermo Fisher)
according to the manufacturer's instructions. The SARS-CoV-2 genomic targets are located on the N,

S, and Orf 1ab genes, with the MS2 bacteriophage serving as a control for extraction and reverse



transcription. The results were interpreted according to the recommendations of the TagPath™
COVID-19 triplex CE-IVD kit. The presence of human DNA was validated by the detection of a signal
for the ALB gene below 30 Ct. SARS—CoV-2 RT-gPCR (RT-qPCR) was carried out on foetal swabs
(mouth, nasopharyngeal, mouth, stomach, bowel and anal), frozen placental samples (extraplacental
membranes and basal plate), frozen foetal tissues (lung and the right kidney), formalin fixed and
paraffin embedded (FFPE) and placental and foetal samples (thymus, lung, bronchial tree, stomach,
spleen, adrenal gland, kidney, oesophagus, liver, heart, pancreas, and trachea) using an in-house

real-time reverse transcription-PCR assay (47) to detect the emerging SARS-CoV-2 N501Y variants.

RT-dPCR

To improve the sensitivity of the detection of the SARS-CoV-2 genome, we used the IDNCOV-2d(s) kit
(ID SOLUTIONS) on a NaicaTM Crystal digital PCR system (Naica Geode and Naica Prism3; Stilla
Technologies). Primers and double-labelled probes (hydrolysis probe) were designed in three specific
regions of the SARS-CoV-2 viral RNA: N1 and N2 for the N gene and IP2 for the RdRP gene.
Fluorescence signals were detected .in the same FAM channel to increase the sensitivity and
specificity of the test, and 3 droplets were theoretically emitted in the presence of one copy of the
SARS-CoV-2 genome. A human gene measured in the HEX channel was used as an internal control to
verify the presence of the sample. The reaction conditions were in accordance with the
manufacturer's recommendations. According to the supplier, the limit of blank (LoB) values at 95%
confidence of ARM-IDNCOV-2(s) and the limit of detection (LoD) are 2 and 6 droplets for N1+N2+IP2,

respectively, and the same is true for endogenous.



Results

Placenta examination and results of SARS-CoV-2 testing

Macroscopic examination of the placenta revealed a diffusely distributed pattern of vertically
oriented, firm trabeculae, lattice-like deposition of fibrin, with 6 cm subchorionic thrombosis
and multiple intervillous thrombosis. During the microscopic examination, we observed
prominent perivillous fibrin depositions with severe lymphohistiocytic _intervillositis
composed of CD4 lymphocytes, an increase in CD163- and CD68-positive macrophages and
scarce  MUMI-positive plasma cells. In addition, placental examination revealed
trophoblastic necrosis with immunodetection of C4d and C5b-9 in the trophoblast layer. C4d
and C5b-9 were negative on the control placenta (some of the decidual cells and a number of
villi were positive amid perivillous fibrin deposition). Finally, brown staining of the
trophoblast necrosis layer was performed using an antibody against the SARS-CoV-2 spike
protein, and positive staining was observed on villous cytotrophoblast (VCT)
syncytiotrophoblast (VST), in some fibroblastic-type and Hofbauer cells and on extravillous
trophoblast cells (EVT) in the placental villi. We also noticed positivity for the SARS-CoV-2
envelope protein on some decidual capsular cells and granulocytes in the lumen of the
umbilical vessels (Figures I and 2). Both RT-qPCR and RT-dPCR confirmed the abundance
of SARS-CoV-2 in placental formalin-fixed and frozen specimens. The highest viral loads

were detected in fixed formalin placental tissue (7able I).

Foetal examination and results of SARS-CoV-2 testing

The foetus presented mild growth restriction, with biometrics close to 23 WG. The macroscopic
examination of foetal organs revealed several petechial lesions on the liver surface, and some were
found on the pleurae of the lower right and left lung lobes, along with the findings of mild

cardiomegaly. The foetal brain was in an advanced state of lysis and was not removed. Microscopic



examination revealed adrenal, splenic and liver haemorrhages and the appearance of a “cardiac
liver” with a subcapsular predominance (Figures 3 and 4). This resulted in significant sinusoidal
dilatation with blood stasis and collapse of the hepatocyte trabeculae. The hepatocytes that were
most affected in the subcapsular regions contained haemosiderin pigments. We also noted the
presence of chronic hypoxic lesions with exaggerated haematopoiesis. There were also rare findings
of emperipolesis in liver sinusoids without increased size or number of macrophages or clustering.
No extrahepatic iron overload was observed on Perls Prussian blue stain. There were no
inflammatory cells found in the foetal tissues. C5b-9 and C4d antibodies were negative on foetal
samples that were labelled for those antibodies (liver and lung). Mouth, nasopharyngeal and
stomach foetal swabs that were tested for SARS-CoV-2 were positive. SARS IHC on lung sections
detected the SARS envelope protein within the desquamated cells in alveolar spaces, alveolar cells,
fibroblasts and granulocytic cells, and the SARS envelope protein was also positive in stomach
sections within the desquamated cells. The IHC for SARS-CoV-2 spike protein was positive on
stomach samples within the cytoplasm of the stromal cells of the submucosae and the granulocytic
cells. There was also positive staining of the SARS spike protein in macrophages of the liver and
lymph node as well as in the cytoplasm of pericardium, endothelial and granulocytic cells in the

heart samples (Table 1).

Both RT-gPCR and RT-dPCR confirmed the presence of SARS-CoV-2 in the foetal specimens (Table 1),
including in lung tissue (FFPE and frozen), liver and spleen (FFPE), and trachea (frozen tissue), with

almost equal viral loads. Only RT-PCR was able to highlight SARS-CoV-2 RNA in the thymus.

RT-qPCR of the placenta allowed us to exclude the original SARS-CoV-2 and 201/501Y.V1. In-house-
specific RT-gPCR allowed us to determine that the SARS-CoV-2 genotype was 20H/501Y. V2 (B1.351,

Beta) variant (9).



Discussion

Here, we present a case of SARS-CoV-2 second trimester congenital infection with in utero foetal
death (IUFD) secondary to extremely diffuse placental injuries characteristic of SARS-CoV-2 infection.
There was a severely impaired maternal-foetal exchange, resulting in foetal hypoxia with heart
failure and high levels of viral RNA in placental tissue. Our patient consulted one day before the IUD
without indication for hospitalization. She presented a reduction in foetal movements and
thrombocytopenia. The latter was associated with a 4.24-fold increased risk of inpatient mortality in

a study from Wuhan (10).

Many authors have been interested in neonatal disease from mothers infected by SARS-CoV-2 (11—
15). Vivanti and associates confirmed vertical transmission from mother to foetus and the possible

consequences in the neonatal period (6).

Several authors (16-18) have described adverse outcomes in the mid- and late trimesters in

pregnant women infected by SARS-CoV-2, but the biopsies of foetal tissues were all negative.

In this study, a congenital infection with an IUFD was diagnosed according to the proposed
classification system of Prakesh S. Shah et al. (19). SARS-CoV-2 proteins and RNA have been detected
in placental and some foetal samples using IHC, RT-gPCR and RT-dPCR assays (20-23). Indeed, we
demonstrated the presence of SARS-CoV-2 viral RNA in pulmonary and liver foetal samples by the
three previously described assays. Both RT-gPCR and RT-dPCR were positive in the spleen and
trachea. IHC of the SARS-CoV-2 spike protein was positive in the stomach and heart samples, but we

were unable to confirm the presence of viral RNA by the molecular assays used in these tissues.

SARS-CoV-2 uses the SARS-CoV receptor angiotensin-converting enzyme 2 (ACE2) for entry and the
serine protease TMPRSS2 for S protein priming. The expression of virus receptors in foetal target

organs (main tissues: foetal heart, lung, liver) is one of the determining factors for foetal

10



vulnerability to SARS-CoV-2 (24-28). In our case, there was no immunodetection of viral RNA on
cardiomyocytes, which are the major functional cells of the heart, and no segmental or histological
anomalies were noted on the heart sections. We noted several liver lesions and the presence of
SARS-CoV-2 through IHC and molecular assays. The appearance of a “congested liver secondary to
congestive heart failure” in addition to cardiomegaly were arguments for the presence of heart
failure. Such injuries were more likely due to foetal hypoxia secondary to severely impaired
maternal-foetal exchange than a direct effect of the virus itself. However, the virus might have
contributed to cardiac failure, as it was detected in situ (granulocytes and endothelial and
pericardium cells) (28). An additional argument to support our theory is that both SARS-CoV-2 RT-
gPCR and RT-dPCR assays were negative on FFPE kidney samples. In fact, unlike adult human kidney
tissue, in which ACE2 is highly expressed, ACE2 is not expressed in the foetal kidney, whereas

TMPRSS2 is moderately expressed (28).

We did not find any diffuse alveolar damage (DAD) in lung specimens, unlike what has been widely
described in COVID-19 adults (29). In some studies, SARS-CoV-2 virions were detected within both
type 1 and type 2 pneumocytes in-human adult pulmonary samples (30). In our case study, we
observed viral RNA in alveolar-type cells with the anti-SARS envelope antibody, but the anti-SARS-
CoV-2 spike protein antibody was not detected in type 1 or type 2 pneumocytes. To the best of our
knowledge, there is no available atlas of human foetal lungs (28). However, in the murine lung cell
atlas, both ACE2 and TMPRSS2 are highly expressed in airway epithelial cells and endothelial cells,
more highly than in alveolar cell types, from the late pregnancy stage to the earliest postnatal days
and decrease thereafter (31). The detection of SARS-CoV-2 viral envelope protein on alveolar cells of
the foetal lung tissue with absence of expression on respiratory cells in this second trimester IUD

case study could suggest variability of ACE2 and TMPRSS2 expression on different lineage lung cells

11



between the second and last trimester of pregnancy, since the gestational age in our case was 24"

WG.

Regarding placental lesions, our findings are similar to those reported in the literature (32—35), with
massive perivillous fibrin depositions with chronic lymphohistiocytic intervillositis and trophoblastic
cell necrosis. The combination of the latter two lesions was strongly suggestive of SARS-CoV-2
vertical transmission (36,37). IHC revealed that the inflammatory infiltrate was composed mostly of
CD163- and CD68-positive macrophages, as previously reported in the literature (37,38), with
numerous CD4-positive T cells. Moreover, in this case study, we detected the presence of
complement (C) deposition, C5b-9 and C4d, on necrotic and virus-infected trophoblastic cells, unlike
on foetal liver and lung samples and controls. Some authors found that lung deposits of C with IgG
displayed a similar even distribution. In the present case, IUD occurred seven days after the onset of
symptoms. Given that SARS-CoV-2 IgG antibodies were detected on days 0—7 and increased on days
8-14 (39), it is possible that the production of maternal SARS-CoV-2 IgG in the case of placental
passage of IgG could occur in cases of transplacental transmission of SARS-CoV-2 to activate C
pathway formation of the membrane attack complex on trophoblastic cells and induce injury and

necrosis. Vascular C deposition could be used as a marker to monitor the progression of disease (40).

We identified the presence of SARS-CoV-2 viral proteins within the villous, VCT, VST, stromal and EVT
cells, which express the ACE2 gene based on SARS-CoV-2 RNA-sequencing data from an early human
placenta (first trimester) (28). The ACEm RNA levels were highest in term placentae, with an
increasing expression of ACE2 in EVT at 24 weeks (28,41), corresponding to the term IUFD case that

we report here. Knowing that placental function is mainly regulated by villous and EVT cells, we

12



suppose that the latter could play a major role in the pathogenesis of SARS-CoV-2 infection in

placental tissue in the second trimester.

The occurrence of this condition leads to more questions than answers: should we modify the
monitoring of patients infected with SARS-CoV-2, and should we consult the emergency room for
obstetrical symptomatology as described in our situation? Compared with other well-known
congenital infections, could the severity of the antenatal clinical manifestations of SARS-CoV-2-
related disease be correlated with the gestational age of onset of the congenital infection? Finally,
we should incriminate this adverse outcome at 20H/501Y. The V2 (B1.351, Beta, South African)
variant was identified in our case, but does it concern all of the known variants? More studies and

more hindsight are needed to answer all of these questions.

In conclusion, we present a case of SARS-CoV-2 second trimester congenital infection with |IUD
secondary to extremely diffuse placental injuries. The involvement of certain variants in the poor
prognosis of pregnancy outcomes remains undetermined. Emergency obstetrical management of
pregnant women in cases of suspected vertical transmission of SARS-CoV-2 should be considered,

especially in the presence of reduced foetal movement with thrombocytopenia.
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SARS-CoV-2 SARS-CoV-2 genome
detection
immunochemistry
Sample (SARS-CoV-2 spike protein RT-qPCR RT-dPCR
andj/or (status/positive
(ct) droplet>4
SARS-CoV-2 envelope protein) roplet>4)
Swabs
Mother Nasopharyngeal +
Nasopharyngeal +/33
Mouth NA +/32,0 NA
Foetal Stomach +
Bowel -
Anal -
Placenta
+
Extra placental 338 NA
membranes (decidua capsularis, granulocytic +/33,
cells: umbilical vessels)
Formalin
. +
fixed +/18,8
. (VCT necrotic cells and VST,
Placental tissue basement membrane, fibroblastic | variant RT- +/>20.000
stromal cells of villi, Hofbauer cells PCR
and EVT)
Extra placental
+/33,8 +/596
Frozen membranes
] NA
tissue
Placental tissue +/25,9 +/>20.000
Foetal Tissues
L ¥ 34,6 8
Formalin ung +/34, +/
(desquamated cells, alveolar type,
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fixed fibroblastic and granulocytic, cells)
+
Liver +/33 +/6
(macrophages)
+
Stomach (desquamated cells, stromal cells - -
of sub mucosae and granulocytic
cells)
Lymphatic node +
NA NA
(perigastric) (lymphocytes)
+
Heart (endothelial cells, granulocytes : )
and the pericardial surface)
Spleen +/34,7 +/8
Thymus +/32,8 -
NA
Adrenal gland - -
Kidney - -
Lung +/35 +/21
Stomach - NT
Frozen
i NA
Issue Trachea +/34,5 +/5
Kidney - borderline/4

Table 1: Summary of the results of SARS-CoV-2 testing with various detection techniques (“+”
positive result; “-” negative result; “NA” tissue not available; RT-QPCR: real-time polymerase chain

reaction; RT-dPCR: digital polymerase chain reaction). Villous cytotrophoblast cells (VCT), villous

syncytiotrophoblast cells (VST), extravillous trophoblast cells (EVT).
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Figure Legends

Figure 1: Microscopic examination of the placenta: (a) Lymphohistiocytic inter villositis with

trophoblast cell necrosis (x20); (b) Immunodetection of C4d and (c) C5b9 in the trophoblast layer
(x20); (d) Brown staining of the trophoblast layer using an antibody to SARS-CoV-2 spike protein
(x20); (e) Positive staining in syncytiotrophoblast as well as fibroblastic-type cells in the placental villi

(f) using an antibody to SARS-CoV-2 envelope protein (x40);

Figure 2 : Microscopic examination of the placenta : (a) Positive staining in Haufbauer cells with

SARS-CoV-2 envelope protein (x20); (b) Extravillous trophoblastic cell labelling with spike protein
antibody, (c) placental control: negativity with SARS-CoV-2  spike protein in 22 GW.
(d)Immunohistochemistry revealed that the inflammatory infiltrate was composed mostly of CD4-
positive T-cells together with an increase in CD163-positive macrophages (e); (f) Scarce MUM1-

positive plasma cells (x20) (I).

Figure 3: Microscopic examination of fetal specimens: (a) Liver hemorrhage with
appearance of “cardiac liver” of a sub capsular predominance on Trichrome stain; (b)
exaggerated hematopoiesis; (¢) Histiocyte showing emperipolesis (arrow) in the liver tissue
(x40) with CD 163 antibodies; (d) Perls Prussian blue stained section of liver fetal tissue
showing hemosiderosis (x20) ; (e) Negative fetal liver control SARS-CoV2 spike protein
(x20); (f) Brown staining of the infected liver macrophages using an antibody to SARS-CoV-
2 spike protein (x20)

Figure 4 : Microscopic examination of fetal specimens : (a) Intense brown cytoplasmic positivity of
alveolar (arrow) cells on the fetal lung (x40); (b) desquamated cells using an antibody to SARS-CoV-2
spike protein in an alveolar lumina (x40); (c) Heart specimen: staining of the SARS Cov-2 antibody-
spike protein on granulocytes (arrow) (d) Staining of the SARS-CoV-2 spike protein on the pericardial
surface (x40); (e) Brown staining of fibroblastic (red arrow) and granulocytic cells (black arrow) of

stomach mucosae using an antibody to SARS-CoV-2 spike protein (x4); (f) Positivity of SARS-CoV-2

spike protein expression on a perigastric lymph nodes.
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Figure 3
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