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Abstract

An emerging complication of COVID-19 (SARS-CoV-2) infection is reported. A 23-year-old patient presented with high

temperature and reduced fetal movements at 25þ 5/40 weeks of gestation. RT-PCR proved maternal COVID-19 infection.

Ultrasound examination confirmed intrauterine death. Placenta histology showed necrosis of the villous trophoblast, associated

with Chronic Histiocytic Intervillositis (CHI) and Massive Perivillous Fibrin Deposition (MPFD) with up to 90% - of the

intervillous spaces being involved. Immunohistochemistry showed CD68 positive histiocytes in the intervillous spaces and

the villous trophoblast was positive for the COVID-19 spike protein. RNA scope signal was indicative of the presence of the

viral genome and active viral replication in the villous trophoblastic cells, respectively. MPFD is a gradually developing end-stage

disease with various etiology, including autoimmune and alloimmune maternal response to antigens expressed at the feto-

maternal interface and frequently accompanies chronic alloimmune villitis or histiocytic intervillositis. Covid-19 infection is

associated with similar pattern of histological changes of the placenta leading to placental insufficiency and fetal death. This case

report supports maternal- fetal vertical transmission of SARS-CoV-2 virus leading to placental insufficiency and fetal demise.

MPFD and CHI appear to be the typical placental histology for SARS-CoV-2 virus infection associated fetal demise.
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Introduction

A rare complication of COVID-19 (SARS-CoV-2) infec-
tion is reported.

Recently two series of placenta histology in SARS-
CoV-2 positive patients were published. Baergen and
Heller examined 20 placentas of third trimester neonates
(all survived) with SARS-CoV-2 positive mothers. There
was no positivity among neonates for SARS-CoV-2.
Their findings were non-conclusive with some evidence
of fetal vascular malperfusion and suggesting further
studies.1 Shanes et al. examined 16 placentas from
SARS-CoV-2 positive patients. They have found at least
one feature of maternal vascular malperfusion with
injured maternal vessels and intervillous thrombi.2 Both
studies suggest that the known SARS-CoV-2 associated
hypercoagulable state influenced placenta physiology.

Thrombophilia is a recognized complication of the
disease with various pathophysiologies being implicated
such as hyperviscosity3 or damage of the endothelium.4

The intervillous space creates environment that has
similar qualities like maternal blood vessels to protect
against maternal blood coagulation. Damage of the vil-
lous trophoblast can result in fibrin deposition.5

SARS-CoV-2 is known to have a wide variety of
symptoms and many organ systems can be affected.6

Entry of SARS-CoV-2 to the human cells is through
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ACE2 receptors. ACE2 receptors are present not only in
the human placenta, but also in fetal organs, raising the
possibility of vertical transmission.7 Li et al. in their arti-
cle suggested that placenta dysfunction and abortion
caused by SARS-CoV-2 need to be further carefully
investigated in clinical practice.8 Subsequently vertical
transmission of the virus was also published.9

We examined a third trimester pregnancy loss
associated to maternal SARS-CoV-2 infection, and char-
acterized with distinct histological features of tropho-
blast injury, necrosis, Chronic Histiocytic Intervillositis
(CHI) and subsequent Massive Perivillous Fibrin
Deposition (MPFD). MPFD can be associated to a
variety of pathological conditions in the placenta,
including Chronic Villitis of Unknown Etiology
(CVUE) or CHI, both linked to alloimmune maternal
response.

In our case CHI and MPFD led to placenta insuffi-
ciency and subsequent fetal loss. RNA scope proved the
presence and replication of COVID-19 virus.

Our observation is similar to other authors suggesting
that MPFD and CHI are the typical features in COVID-
19 related placentitis.9–12

In our case immunohistochemistry confirmed the
presence, whilst in situ hybridization proved both
the presence and replication of SARS-CoV-2 virus in
the trophoblastic cells. This case supports maternal-
fetal vertical transmission of SARS-CoV-2 virus leading
to placental insufficiency and fetal demise in cases of
similar clinico-pathological setting.

Case Summary

The 23-year-old Caucasian patient (gravida 2 para 1)
presented at the labour ward after an uncomplicated
course of pregnancy until the presentation with reduced
fetal movement at 25þ5/40 weeks of gestation. Last evi-
dence of fetal heart activity was documented 4 weeks
earlier at the anomaly (“mid T”) scan. She had high
temperature and flu like symptoms for approximately
4 days. She did not have other co-morbidities. On admis-
sion intrauterine fetal death was confirmed and at the
same time she was found to be positive for SARS-CoV-2
with RT-PCR. After induction of labour she delivered a
780g non-growth restricted stillborn male fetus (birth
weight: 21st partially customized centile).

Post mortem consent was limited to external exami-
nation and examination of the placenta, with permission
to research and publication.

At autopsy all observations were normal, the baby
was only mildly macerated. Nasal swab for SARS-
CoV-2 investigation was not taken from the baby. The
placenta, was examined after fixation because of the
SARS-CoV-2 infection. The placenta weight was 164g
(25th–50th centile) and on the cut surface there was

the typical pearly, firm, netlike or lacey pattern which
is characteristic of MPFD (Figure 1(A) and (B)).

Routine histological examination with H&E staining
of the placenta showed approximately 80–90% of the
villi encrusted in loose eosinophilic fibrinoid material.
There were only small clusters of preserved villi and a
minimal proportion of the parenchyma had retained free
intervillous spaces. These blood spaces (almost at the
border of the areas affected by perivillous fibrin) dis-
played chronic inflammatory infiltrate with striking
mature CD68 positive histiocytes. Typically, the inflam-
matory cells appeared palisading at the feto-maternal
interface attaching to the trophoblasts (Figure 1(C)).
High power magnification fields showed cytopathic
effects of the trophoblasts, with multiple eosinophilic
cells. The nuclear stain of the trophoblasts was pre-
served. Immune stain for SARS-CoV-2 spike protein
was strongly positive on the villus epithelial surface.
(Antibody: Genetex anti-spike monoclonal mouse anti-
body (clone 1A9) @ 1:200, Staining performed on the
Leica Bond Max; Antigen retrieval: 20 minutes ER2
(high pH); Detection – BOND polymer refine detection
kit.) (Figure 1(D)).

Changes were also visible in the villous parenchyma:
multiple apoptotic cells were seen among villous macro-
phages and capillary endothelial cells (villous stromal
vascular karyorrhexis) (Figure 1(E)). Immune stain was
negative in these areas, suggesting that the damage was
not directly virus related.

An acute process and recent insult could be suggested
as the nuclear staining and the structure of a proportion
of the villi encrusted in the fibrin appeared preserved.
There was no sign of maternal vascular malperfusion
visible.

We carried out in situ hybridization to prove the pres-
ence of viral RNA. SARS-CoV-2 virus detection was per-
formed by multiplex in situ hybridization using the
RNAscopeVR Leica Multiplex Fluorescent Assay according
to the manufacturer’s instructions [Advanced Cell
Diagnostics (ACD), Newark, CA, USA]. Probes against
the sense strand of spike gene (V-nCoV2019-S, 845701,
ACD) and antisense strand of the orf1ab gene (V-
nCoV2019-orf1ab-sense). RNAscope ISH staining was
performed on the Leica Bond RX automated IHC plat-
form. Fluorescent detection of probes was performed with
TSA-based Opal fluorophores (Opal 620- spike sense
probe; Opal 520 -ORF1ab antisense probe). Nuclear
counterstaining was performed with DAPI. Slides were
imaged using the VectraVR Polaris 2.0 (Akoya
Biosystems, Marlborough, MA, USA). Spectral unmixing
and removal of autofluoresence was performed in
InFormVR Tissue Analysis Software (Akoya Biosystems,
Marlborough, MA, USA).

RNAscope ISH demonstrated signals against the
sense spike RNA and antisense ORF1ab in the
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villous trophoblastic cells. Spike sense and orf1ab
antisense signal is indicative of the presence of
the viral genome and active viral replication,
respectively.

The in situ hybridization showed both sense and anti-
sense signals in the trophoblasts, indicating both the
presence of the virus RNA and the presence of replicat-
ing virus (Figure 2(A) to (C)).

Figure 2. RNAscope in-situ hybridization for spike sense and orf1ab antisense probes. A, Composite fluorescent image showing co-
expression of spike sense (Opal 520) and orf1ab antisense (Opal 620) signal in the chorionic trophoblast. Normal control placenta (inset)
shows no evidence of SARS-CoV-2 RNA. B and C, Unmixed pseudo-chromogenic image showing spike (B) and more prominent orf1ab
expression, consistent with active viral replication.

Figure 1. Massive perivillous fibrin deposition, section of the placenta post fixation (A), microscopic image (B). C, CD68 positive
histiocytes palisading at the feto-maternal interface attaching to the trophoblasts. D, Strong staining of the trophoblasts cells by immu-
nohistochemistry against COVID-19 spike protein. E, Villous stromal vascular karyorrhexis.

Marton et al. 3



Discussion

A crucial question of the COVID-19 pandemic is how

this virus affects the placenta and the developing fetus.
MPFD and CHI appear to be significant COVID-19
associated lesions, reported in cases with severe compli-
cations and poor pregnancy outcome.9–12 Massive
Perivillous Fibrin Deposition can be associated to
chronic inflammatory changes of the placental villi
such as CVUE or CHI.5,13 All of these entities - includ-
ing alloimmune inflammatory changes and MPFD – are
typically recurrent lesions and recognized causes of fetal
growth restriction, due to chronic and gradual failure of
the placenta function.

In our case the absence of fetal growth restriction and
the described histological features suggest acute, early
stage of MPFD.

In situ hybridization and immunohistochemistry
proved direct cytopathic effect on the trophoblast result-
ing in cell damage, attracting the CD68 positive cells and
triggering the coagulation of fibrinoid.

Our observation resembles the first COVID-19 infec-
tion related placenta pathology observed by Chen and
al., published in the Chinese literature. They described
three symptomatic SARS-CoV-2 patients who gave birth
to life babies. All the neonates survived staying negative
for SARS-CoV-2, but in all three placentas perivillous
fibrin was observed. There was no mention of chronic
histiocytic intervillositis.14 In the last year a few case
reports have been published showing that in Covid-19
positive mothers, irrespective of the maternal symptoms,
severe placenta complication can develop called by
Linehan et al. SARS-CoV-2 placentitis.9–12,15 The
common finding in the placenta linked to SARS-CoV-
2 infection is trophoblastic damage/necrosis, chronic his-
tiocytic intervillositis and acute onset of perivillous fibrin
deposition.

Our case had both MPFD and CHI. We have not
observed viral RNA signal in the villous stromal or
endothelial cells.

Our case gives insight in the morphology of SARS-
CoV-2 placentitis that is observed in the most severe
COVID-19 related pregnancy complication leading to
intrauterine fetal death. The main components of
SARS-CoV-2 placentitis are MPFD and CHI.
Immunohistochemistry and in situ hybridization proved
the vertical transmission of the virus infecting the chori-
onic epithelium of the placenta.
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