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Abstract: SARS-CoV-2 placental infection, also known as placentitis (SP), is an established
cause of stillbirth; however, this pathology is rare and its incidence across different viral
variants is unknown. We report two new cases of SP-associated stillbirth in the third
trimester of pregnancy. The cases were identified by a retrospective review of 84 fetal
autopsies performed at our institution from 1 March 2020 to 1 March 2024. In one case,
the mother was previously healthy and asymptomatic for COVID-19. In the second case,
the mother had a history of multiple sclerosis (MS) and suffered recurrent moderate-to-
severe COVID-19. In both cases, the placentas showed SP with massive perivillous fibrin
deposition (PVFD), involving more than 90% of placental discs, resulting in placental
insufficiency and lethal hypoxic–ischemic injury to the fetuses. Placental tissues were
positive for SARS-CoV-2 by in situ hybridization (ISH) and immunohistochemistry (IHC).
Sequencing revealed the delta variant in Case 1 and omicron XBB.1.515 in Case 2. The data
demonstrate that SP, albeit rare, continues to cause intrauterine fetal demise (IUFD) across
viral variants regardless of the clinical severity of the infection. The persistence of rare
cases of SP as COVID-19 becomes globally endemic emphasizes the importance of disease
prevention in pregnancy.
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1. Introduction
COVID-19 has been associated with adverse effects on women’s health in pregnancy

and childbirth, including higher rates of maternal mortality, hospitalization, admission to
the intensive care unit, mechanical ventilation, preterm birth, gestational hypertension and
stillbirth [1–3]. In the first pandemic year, statistical data indicated only a slight increase in
the rates of stillbirth as compared to pre-pandemic rates; however, a significant increase was
detected during the delta variant prevalence in late 2021. Thus, 0.98% of COVID-19-affected
deliveries pre-delta and 2.70% during the delta period resulted in stillbirth [4]. The associa-
tion between stillbirth and newly emerging virulent SARS-CoV-2 strains is controversial.
Although some studies indicated little or no effect of infection on pregnancy outcomes
during the omicron circulation [5,6], several other reports demonstrated pregnancy risks
with omicron similar to those associated with the alpha and delta variants [7,8].

The pathologic process directly responsible for stillbirth in SARS-CoV-2 infection has been
known as SARS-CoV-2 placentitis (SP), defined as a histopathological triad with concomitant
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detection of SARS-CoV-2 in placental tissue [9]. The placenta responds to SARS-CoV-2 by (1)
inflammation localized to the intervillous compartment (intervillositis); (2) necrosis of villous
trophoblasts, a significant part of which is due to direct viral cytopathic effects on this cell
type; and (3) rapidly progressive and massive perivillous fibrin deposition (PVFD), which
obliterates the feto-maternal interface (placental barrier). This leads to placental insufficiency
and subsequent intrauterine fetal demise (IUFD) from severe fetal hypoxia in cases when the
process progresses to involve more than 75% of the placental disc [10].

SP is rare and, although the exact incidence is unknown, it has been reported in 1.5–12%
of infected parturient women whose placentas have been examined by pathology [6,11–14].
SP is a serious manifestation of SARS-CoV-2 infection and is associated with stillbirth in up
to 50% of documented cases [6,15–19]. The mechanism underlying the development of SP
in a small percentage of infected pregnant women remains unclear, but it is likely related to
SARS-CoV-2 viremia, which is also rare in pregnancy [20]. The disease shows no correlation
with the clinical severity of maternal COVID-19 and is frequently asymptomatic, although
thrombocytopenia and decreased fetal movements have been reported in approximately
50% of cases [6,12,21,22].

Herein, we analyze all cases of fetal demise which underwent autopsy with placental
examination at our institution during 4 years of the COVID-19 pandemic and identified two
cases of fatal SP. These were associated with different viral strains, which were prevalent in
the corresponding months.

2. Materials and Methods
This study was approved by the institutional review board. We performed a retrospective

analysis of fetopsies from the pathology files of our institution during 4 years of the COVID-19
epidemic (from 1 March 2020 to 1 March 2024). Clinical information was extracted from elec-
tronic medical records. A total of 84 fetal autopsies with concomitant placental examinations
were performed during this period. In 2 cases, maternal SARS-CoV-2 nasopharyngeal PCR
tests were positive at the time of delivery. Pathology reports and slides were re-reviewed
by 2 pathologists (MS, LD). Placental and fetal tissues were studied by SARS-CoV-2 in situ
hybridization (ISH) and immunohistochemistry (IHC) using techniques and reagents de-
scribed previously [23]. RNA from tissue samples was extracted using Quick-RNA FFPE
Miniprep with the optional xylene deparaffinization protocol (Zymo Research, Irvin, CA,
USA). An xGen SARS-CoV-2 Amplicon Panel (Integrated DNA technologies, Coralville, IA,
USA) was used to perform tiled amplification of the viral genome, utilizing the low input
protocol recommendations. Amplicons were barcoded using an Oxford Nanopore Native
Barcoding Expansion 96 kit (NBD114.96) (Oxford Nanopore Technologies, Oxford, UK) and se-
quenced on an Oxford Nanopore GridION R10.4.1 flow cell. Sequencing reads were mapped
to the NC_045512.2 reference genome using minimap2 (https://lh3.github.io/minimap2/
(accessed on 6 December 2024)) and lineages in each sample were identified using freyja
(https://github.com/andersen-lab/Freyja (accessed on 6 December 2024)).

3. Detailed Case Description
3.1. Case 1

A 30-year-old pregnant woman, gravida 3 para 0, presented to the emergency room
with acute abdominal pain for 2 days at 31 4/7 weeks of gestation. The patient had no
significant antenatal medical history and the pregnancy course was largely uncomplicated.
She reported abdominal tightening and excessive fetal movements but denied vaginal
bleeding or leakage of fluid. The patient denied any headache, congestion, vision, smell or
hearing changes, sore throat, difficulty swallowing, neck stiffness, chest pain, palpitations,
coughing and shortness of breath, nausea, vomiting, diarrhea, urinary symptoms, extremity
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swelling, or muscle or joint pains. The physical exam was unremarkable. Her compete
blood count, including platelets, was within normal range. IUFD was diagnosed by
ultrasound and shortly afterwards she spontaneously delivered a stillborn female fetus and
placenta. A SARS-CoV-2 nasopharyngeal PCR test was positive on admission to labour
and delivery. Vaccination records were not available.

The fetopsy showed a macerated female fetus in the 25–50th percentile for weight,
with periorbital edema and small pleural and peritoneal effusions consistent with mild fetal
hydrops. No dysmorphic features or congenital anomalies were identified. Microscopic ex-
amination revealed signs of meconium aspiration indicative of a fetal hypoxic–ischemic in-
jury and was otherwise unremarkable. A fetal nasopharyngeal swab SARS-CoV-2 PCR test
was positive; however, SARS-CoV-2 IHC was negative in the neck, lung and heart tissues.

The accompanying placenta was in the 10th percentile for weight. Gross examination
was remarkable for subchorionic and scattered intraparenchymal hematomas that involved
approximately 20% of the placental disc. The remaining parenchyma was diffusely pale, firm and
somewhat gritty (Figure 1A). Microscopic examination revealed acute and chronic intervillositis
with trophoblast necrosis and massive perivillous fibrin deposition involving more than 90% of
intervillous space (Figure 1B). SARS-CoV-2 IHC detected viral proteins in villous trophoblasts,
stroma and fetal endothelium (Figure 1C). ISH using a double-stranded SARS-CoV-2 probe was
positive in villous trophoblasts, indicating viral replication in this cell population. The cause
of death was severe hypoxic–ischemic injury with fetal hydrops due to placental insufficiency
caused by SP with massive PVFD and transplacental SARS-CoV-2 infection.COVID 2025, 5, x FOR PEER REVIEW 4 of 9 

 

 

 

Figure 1. Gross and microscopic placental pathology, Case 1. (A) Slice of placental tissue with 
diffuse parenchymal consolidation and subchorionic hematoma; (B) microscopy of the placenta 
with chorionic villi (CV) encased in fibrillary material occupying maternal perivillous space, the so-
called massive perivillous fibrin deposition (PVFD), with areas of mixed inflammatory infiltrates 
(intervillositis, IVS). Hematoxylin–eosin stain, x200; (C) immunohistochemical detection of SARS-
CoV-2 nucleocapsid protein with signal (brown chromogen) in trophoblastic lining (arrows) of 
chorionic villi (CV), endothelium of fetal capillaries (asterisk), and villous stromal cells 
(arrowheads). Anti-SARS-CoV-2 nucleocapsid rabbit monoclonal antibody, clone 0001 (mAb 001); 
dilution 1:5000 (Sino Biological, Wayne, PA, USA), x400. 

3.2. Case 2 

A 39-year-old gravida 1 para 0 pregnant woman with multiple sclerosis (MS) treated 
with rituximab conceived by in vitro fertilization. She reported a single dose of the Pfizer 
COVID-19 vaccine in April 2021 and COVID-19 infection in November 2021, 8 months 
prior to conceiving. At 26 weeks of pregnancy, she was diagnosed with a second SARS-
CoV-2 infection presenting with mild sinusitis. One month later, after initial resolution of 
the infection, she was hospitalized with COVID-19 re-activation presenting with shortness 
of breath requiring treatment with supplemental oxygen, steroids and remdesivir. She 
also received treatment for influenza and bacterial coverage. One week following 
treatment for COVID-19 re-activation, she presented with contractions and absent fetal 
cardiac activity and spontaneously delivered a stillborn female fetus at 34 4/7 weeks. Her 
nasopharyngeal SARS-CoV-2 PCR test was still positive at the time of delivery. Her 
complete blood count was remarkable for mild leukocytosis, as well as mild anemia and 
thrombocytopenia. The coagulation panel was within normal range. 

The fetopsy revealed a female fetus weighing 1910 g (in the 25th percentile for 
gestational age) with features of fetal hydrops (pericardial, pleural and peritoneal 
effusions) and signs of fetal hypoxia and stress, including acrocyanosis and meconium 

Figure 1. Gross and microscopic placental pathology, Case 1. (A) Slice of placental tissue with
diffuse parenchymal consolidation and subchorionic hematoma; (B) microscopy of the placenta
with chorionic villi (CV) encased in fibrillary material occupying maternal perivillous space, the
so-called massive perivillous fibrin deposition (PVFD), with areas of mixed inflammatory infiltrates
(intervillositis, IVS). Hematoxylin–eosin stain, x200; (C) immunohistochemical detection of SARS-
CoV-2 nucleocapsid protein with signal (brown chromogen) in trophoblastic lining (arrows) of
chorionic villi (CV), endothelium of fetal capillaries (asterisk), and villous stromal cells (arrowheads).
Anti-SARS-CoV-2 nucleocapsid rabbit monoclonal antibody, clone 0001 (mAb 001); dilution 1:5000
(Sino Biological, Wayne, PA, USA), x400.

Sequencing analysis of placental homogenates, performed later as a part of this study,
detected the delta SARS-CoV-2 variant (AY.X), prevalent in the population at the time of
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delivery (December of 2021); the exact sub-lineage could not be obtained due to low, partial
sequencing coverage (65% genomic coverage with a mean depth of 6x).

3.2. Case 2

A 39-year-old gravida 1 para 0 pregnant woman with multiple sclerosis (MS) treated
with rituximab conceived by in vitro fertilization. She reported a single dose of the Pfizer
COVID-19 vaccine in April 2021 and COVID-19 infection in November 2021, 8 months prior
to conceiving. At 26 weeks of pregnancy, she was diagnosed with a second SARS-CoV-2
infection presenting with mild sinusitis. One month later, after initial resolution of the
infection, she was hospitalized with COVID-19 re-activation presenting with shortness of
breath requiring treatment with supplemental oxygen, steroids and remdesivir. She also
received treatment for influenza and bacterial coverage. One week following treatment for
COVID-19 re-activation, she presented with contractions and absent fetal cardiac activity
and spontaneously delivered a stillborn female fetus at 34 4/7 weeks. Her nasopharyngeal
SARS-CoV-2 PCR test was still positive at the time of delivery. Her complete blood count
was remarkable for mild leukocytosis, as well as mild anemia and thrombocytopenia. The
coagulation panel was within normal range.

The fetopsy revealed a female fetus weighing 1910 g (in the 25th percentile for ges-
tational age) with features of fetal hydrops (pericardial, pleural and peritoneal effusions)
and signs of fetal hypoxia and stress, including acrocyanosis and meconium aspiration. No
congenital anomalies or dysmorphic features were present. A fetal nasopharyngeal swab
for SARS-CoV-2 was not performed; IHC for SARS-CoV-2 was negative in fetal lung tissue.

Placental examination showed a small-for-gestational-age placenta with scattered
hemorrhages encompassing approximately 15% of placental parenchyma, which was
otherwise diffusely consolidated (Figure 2A).
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Figure 2. Gross and microscopic placental pathology, Case 2. (A) Slice of placental tissue with diffuse
parenchymal consolidation and scattered small hemorrhages; (B) microscopy of the placenta with
chorionic villi (CV) encased in perivillous fibrin with extensive areas of intervillous inflammation
(IVS). Hematoxylin–eosin stain, x200; (C) in situ hybridization with double-stranded RNA probe
showing SARS-CoV-2 signal (brown chromogen) in trophoblastic lining (arrows) of chorionic villi
(CV). RNAscope-ProbeV-nCoV2019-S (Advanced-Cell-Diagnostics, Hayward, CA, USA); x400.
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Microscopically, the features of SP were observed and included intervillositis, tro-
phoblast necrosis and massive PVFD, involving more than 95% of the placental disc
(Figure 2B). IHC against SARS-CoV-2 nucleocapsid protein was strongly positive in villous
trophoblasts and maternal mononuclear cells localized in the intervillous space. ISH was
consistent with viral replication in villous trophoblasts (Figure 2C). The cause of death
was fetal hypoxic–ischemic injury attributed to placental insufficiency due to SP with
massive PVFD.

Sequencing of the placental sample demonstrated the omicron XBB.1.5 variant of
SARS-CoV-2 (92% genomic coverage with a mean depth of 57x), which was prevalent in
the population at that time (February of 2023).

Case summaries are presented in Table 1.

Table 1. Clinical characteristics of 2 stillbirths due to SARS-CoV-2 placentitis.

Maternal Characteristics Case 1 Case 2

Age, Gravity, Parity 30 yo G3P0020 39 yo G1P0
Maternal Medical History Unremarkable MS treated with rituximab
Antenatal History First trimester bleeding, resolved In vitro fertilization
SARS-CoV-2 PCR Status Positive on admission for IUFD Positive for 8 weeks prior to IUFD
Severity of COVID-19 Asymptomatic Moderate-to-severe
Vaccination/Immunity
Status Unknown One dose of Pfizer vaccine, early 2021

History of prior COVID-19, late 2021

Placental Characteristics

Weight 261 g (small for gestational age) 292 g (small for gestational age)
Extend of SP with PVFD More than 90% More than 95%
Additional Placental
Pathology

Subchorionic and intervillous hematomas
Obliterative vasculopathy of stem vessels Multiple intervillous hematomas

SARS-CoV-1 ISH Positive in villous trophoblasts Positive in villous trophoblasts

SARS-CoV-2 IHC
Positive in maternal macrophages, villous
trophoblasts, villous stromal cells and
endothelium of fetal capillaries

Positive in maternal macrophages, villous trophoblasts,
villous stromal cells and endothelium of
fetal capillaries

SARS-CoV-2 Sequencing Delta variant Omicron XBB.1.515 variant

Fetal Characteristics

Date of Stillbirth December 2021 February 2023
Gestational Age 31 weeks and 4 days 34 weeks and 4 days
Weight 1430 g (appropriate for gestational age) 1910 g (appropriate for gestational age)

Autopsy Findings Fetal hydrops. Diffuse alveolar hemorrhage and
meconium aspiration

Fetal hydrops
Meconium aspiration

Nasopharyngeal
SARS-CoV-2 PCR Test Positive Not performed

SARS-CoV-2 ISH and IHC in
Fetal Organs Negative Negative

4. Discussion
Placental and fetopsy findings from the two cases of IUFD in women infected with

SARS-CoV-2 were virtually identical: both featured SP involving more than 90% of placental
discs resulting in placental insufficiency. Severe fetal hypoxic–ischemic injury with non-
immune hydrops ensued, following the sequelae of fatal intrauterine SARS-CoV-2 infection
reported previously [10]. Similarly to prior reports [10–12,21], no evidence of replicating
virus was found in the fetal tissues.

The observed SARS-CoV-2 gross placental characteristics (diffusely firm, gritty con-
sistency with scattered hemorrhages) were distinctive. This morphology should raise a
suspicion of SP, prompting further microscopic and appropriate IHC studies. This becomes
relevant since the universal SARS-CoV-2 PCR screening of pregnant and parturient women
has been discontinued by many hospitals and the diagnosis of SP, which frequently devel-
ops in asymptomatic patients, can be missed if placentas are not studied with microscopy
and IHC.
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Our cases align with the published SP literature on the lack of correlation be-
tween placental involvement by SARS-CoV-2 infection and maternal COVID-19 disease
severity [9–13] and further demonstrate that SP equally affects healthy women with asymp-
tomatic or mild COVID-19 and women with moderate-to-severe COVID-19. In one of our
cases, the women suffered from MS. Interestingly, another case of fatal SP in the setting of
MS was reported in a series of cases from Greece [12]. Studies of COVID-19 in MS patients
yielded controversial data on the severity of the infection in this patient population [24];
however, the second reported case of fatal SP in MS warrants further attention.

We detected the delta variant in the placenta of a patient with asymptomatic COVID-
19; this finding is in keeping with the reported higher risks of stillbirth associated with
this variant [4]. Identification of the omicron variant in the second case demonstrates the
ability of this variant to cause fatal SP as well. Although generally known to be associated
with milder disease, omicron XBB.1.5 was responsible for recurrent, prolonged moderate-
to-severe COVID-19 in our second case, involving the MS patient previously treated with
rituximab, which suppresses B-cell-mediated immunity. It has been proposed that aberrant
immune responses play a role in the pathogenesis of idiopathic intervillositis with massive
PVFD and may contribute to the same disease process caused by SARS-CoV-2 [25]. Thus,
synergetic effects of omicron and compromised immunity cannot be ruled out in our second
case of fatal SP.

The incidence of fatal SP cannot be concluded from our study. However, we can
approximate that in our practice it is comparable to CMV and parvovirus B-19 infections,
each of which was diagnosed as a cause of stillbirth once during the analyzed 4-year
period. The incidence of ascending bacterial intrauterine infection leading to stillbirth in
our practice was six times higher (12 cases during the analyzed period).

Although the COVID-19 pandemic was declared over as of May 2023, the infection
remains globally endemic and the risks of pregnancy loss attributable to SARS-CoV-2, albeit
low, persist. It is important that SP becomes a recognized disease entity by clinicians and
pathologists alike, especially because SP can cause rapidly progressive fetal decline despite
lack of maternal symptoms in half of the cases, making it difficult to detect and manage
in a timely manner. In this clinical scenario, infection prevention is crucial. Although
SARS-CoV-2 vaccination has proven safe in pregnancy, its utility remains uncertain in
patients with immunosuppression or autoimmune disease who can show compromised
vaccine responses [26]. Further studies are needed to optimize SARS-CoV-2 prevention
strategies, detection and treatment options in pregnancy.

Author Contributions: Conceptualization, L.D. and A.-C.U.; methodology, M.K.A. and S.Z.M.
software, M.K.A.; validation, M.K.A. and S.Z.M.; investigation, M.A.S.; resources, L.D. and A.-C.U.;
data curation, M.K.A.; writing—original draft preparation, M.A.S.; writing—review and editing, L.D.;
visualization, L.D. and M.A.S.; supervision, L.D. and A.-C.U. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Columbia University in
the City of New York (IRB-AAAT0272 approved on 6 June 2021).

Informed Consent Statement: Patient consent was waived due the following reasons: the research
involved no more than minimal risk to the subjects; the waiver or alteration would not adversely
affect the rights and welfare of the subjects; the research could not practicably be carried out without
the waiver or alterations. Whenever appropriate, the subjects will be provided with additional
pertinent information after participation.



COVID 2025, 5, 8 7 of 8

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Knight, M.; Bunch, K.; Vousden, N.; Morris, E.; Simpson, N.; Gale, C.; O’Brien, P.; Quigley, M.; Brocklehurst, P.; Kurinczuk,

J.J.; et al. Characteristics and outcomes of pregnant women admitted to hospital with confirmed SARS-CoV-2 infection in UK:
National population based cohort study. BMJ 2020, 369, m2107. [CrossRef] [PubMed]

2. 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, 817–826. [CrossRef] [PubMed]

3. Smith, E.R.; Oakley, E.; Grandner, G.W.; Ferguson, K.; Farooq, F.; Afshar, Y.; Ahlberg, M.; Ahmadzia, H.; Akelo, V.; Aldrovandi, G.;
et al. Perinatal COVID PMA Study Collaborators; Perinatal COVID PMA Study Collaborators. Adverse maternal, fetal, and
newborn outcomes among pregnant women with SARS-CoV-2 infection: An individual participant data meta-analysis. BMJ Glob
Health 2023, 8, e009495. [CrossRef] [PubMed]

4. DeSisto, C.L.; Wallace, B.; Simeone, R.M.; Polen, K.; Ko, J.Y.; Meaney-Delman, D.; Ellington, S.R. Risk for Stillbirth Among Women
With and Without COVID-19 at Delivery Hospitalization—United States, March 2020–September 2021. MMWR Morb. Mortal.
Wkly. Rep. 2021, 70, 1640–1645. [CrossRef]

5. Carlson, J.; Simeone, R.M.; Ellington, S.; Galang, R.; DeSisto, C.L.; Fleming-Dutra, K.; Riley, L.; Meaney-Delman, D.; Tong, V.T.
Pre-Delta, Delta, and Omicron Periods of the Coronavirus Disease 2019 (COVID-19) Pandemic and Health Outcomes During
Delivery Hospitalization. Obstet. Gynecol. 2024, 143, 131–138. [CrossRef]

6. Damman, E.; Trecourt, A.; de la Fournière, B.; Lebreton, F.; Gaillot-Durand, L.; Fichez, A.; Chauvy, L.; Thonnon, C.; Destras,
G.; Devouassoux-Shisheboran, M.; et al. Predictive factors for severe placental damage in pregnant women with SARS-CoV-2
infection. Placenta 2023, 136, 1–7. [CrossRef]

7. Min, D.D.; Min, J.H. Pregnancy-related and Neonatal Outcomes during Omicron Variant-Dominant COVID-19 Pandemic among
the Black-Dominant Population. Am. J. Perinatol. 2024; epub ahead of print. [CrossRef]

8. Liu, L.L.; Lin, L.H.; Lin, F.; Yang, Y.K.; Lin, C.F.; Zhang, L.; Huang, Y.C.; Liao, Y.W.; Zeng, Y.Q.; Zeng, G.K.; et al. The clinical
characteristics of COVID-19 omicron variant infection in pregnant women and their neonates. Front. Med. 2023, 10, 1229794.
[CrossRef]

9. Watkins, J.C.; Torous, V.F.; Roberts, D.J. Defining Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Placentitis.
Arch. Pathol. Lab. Med. 2021, 145, 1341–1349. [CrossRef]

10. Schwartz, D.A.; Avvad-Portari, E.; Babál, P.; Baldewijns, M.; Blomberg, M.; Bouachba, A.; Camacho, J.; Collardeau-Frachon, S.;
Colson, A.; Dehaene, I.; et al. Placental Tissue Destruction and Insufficiency From COVID-19 Causes Stillbirth and Neonatal
Death From Hypoxic-Ischemic Injury. Arch. Pathol. Lab. Med. 2022, 146, 660–676. [CrossRef]

11. Thomas, J.; Sun, Y.; Debelenko, L. Infrequent Placental and Fetal Involvement in SARS-CoV-2 Infection: Pathology Data from a
Large Medical Center. J. Dev. Biol. 2021, 9, 45. [CrossRef]

12. Konstantinidou, A.E.; Angelidou, S.; Havaki, S.; Paparizou, K.; Spanakis, N.; Chatzakis, C.; Sotiriadis, A.; Theodora, M.; Donoudis,
C.; Daponte, A.; et al. Stillbirth due to SARS-CoV-2 placentitis without evidence of intrauterine transmission to fetus: Association
with maternal risk factors. Ultrasound Obstet. Gynecol. 2022, 59, 813–822. [CrossRef] [PubMed]

13. Redline, R.W.; Ravishankar, S.; Bagby, C.; Saab, S.; Zarei, S. Diffuse and Localized SARS-CoV-2 Placentitis: Prevalence and
Pathogenesis of an Uncommon Complication of COVID-19 Infection During Pregnancy. Am. J. Surg. Pathol. 2022, 46, 1036–1047.
[CrossRef] [PubMed]

14. Nkobetchou, M.; Leruez-Ville, M.; Guilleminot, T.; Roux, N.; Petrilli, G.; Guimiot, F.; Saint-Frison, M.H.; Deryabin, I.; Ville, Y.;
Faure Bardon, V. Assessing importance of SARS-CoV2 infection as cause of in utero fetal death: Regional retrospective cohort
study. Ultrasound Obstet. Gynecol. 2023, 62, 867–874. [CrossRef] [PubMed]

15. Nielsen, S.Y.; Hvidman, L.E.; Aabakke, A.J.M.; Olsen, T.E.; Johnsen, I.B.G.; Bogaard, P.W.; Petersen, A.; Westergaard, H.B.;
Sørensen, A.; Hedermann, G.; et al. SARS-CoV-2 placentitis and severe pregnancy outcome after maternal infection: A Danish
case series. Acta Obstet. Gynecol. Scand. 2023, 102, 567–576. [CrossRef]

16. Delle Chiaie, L.; Stolpner, I.; Dettmer, M.S.; Baltz-Ghahremanpour, K. Acute placental insufficiency two weeks after an asymp-
tomatic COVID-19 maternal infection: The deleterious effects of the SARS-CoV-2 placentitis. Arch. Gynecol. Obstet. 2023, 13,
723–726. [CrossRef]

17. Corn, M.; Pham, T.; Kemp, W. Adverse Fetal Outcomes and Histopathology of Placentas Affected by COVID-19: A Report of
Four Cases. Cureus 2023, 15, e44402. [CrossRef]

https://doi.org/10.1136/bmj.m2107
https://www.ncbi.nlm.nih.gov/pubmed/32513659
https://doi.org/10.1001/jamapediatrics.2021.1050
https://www.ncbi.nlm.nih.gov/pubmed/33885740
https://doi.org/10.1136/bmjgh-2022-009495
https://www.ncbi.nlm.nih.gov/pubmed/36646475
https://doi.org/10.15585/mmwr.mm7047e1
https://doi.org/10.1097/AOG.0000000000005449
https://doi.org/10.1016/j.placenta.2023.03.004
https://doi.org/10.1055/a-2347-3608
https://doi.org/10.3389/fmed.2023.1229794
https://doi.org/10.5858/arpa.2021-0246-SA
https://doi.org/10.5858/arpa.2022-0029-SA
https://doi.org/10.3390/jdb9040045
https://doi.org/10.1002/uog.24906
https://www.ncbi.nlm.nih.gov/pubmed/35353936
https://doi.org/10.1097/PAS.0000000000001889
https://www.ncbi.nlm.nih.gov/pubmed/35319524
https://doi.org/10.1002/uog.27439
https://www.ncbi.nlm.nih.gov/pubmed/37519281
https://doi.org/10.1111/aogs.14541
https://doi.org/10.1007/s00404-023-06991-0
https://doi.org/10.7759/cureus.44402


COVID 2025, 5, 8 8 of 8

18. Garrido-Pontnou, M.; Navarro, A.; Camacho, J.; Crispi, F.; Alguacil-Guillén, M.; Moreno-Baró, A.; Hernandez-Losa, J.; Sesé, M.;
Ramón, Y.; Cajal, S.; et al. Diffuse trophoblast damage is the hallmark of SARS-CoV-2-associated fetal demise. Mod. Pathol. 2021,
34, 1704–1709. [CrossRef]

19. Horn, L.C.; Krücken, I.; Hiller, G.G.R.; Niedermair, M.; Perac, K.; Pietsch, C.; Höhn, A.K. Placental pathology in sudden
intrauterine death (SIUD) in SARS-CoV-2-positive oligosymptomatic women. Arch. Gynecol. Obstet. 2023, 307, 1811–1822.
[CrossRef]

20. Edlow, A.G.; Li, J.Z.; Collier, A.Y.; Atyeo, C.; James, K.E.; Boatin, A.A.; Gray, K.J.; Bordt, E.A.; Shook, L.L.; Yonker, L.M.; et al.
Assessment of Maternal and Neonatal SARS-CoV-2 Viral Load, Transplacental Antibody Transfer, and Placental Pathology in
Pregnancies During the COVID-19 Pandemic. JAMA Netw. Open 2020, 3, e2030455. [CrossRef]

21. Fitzgerald, B.; O’Donoghue, K.; McEntagart, N.; Gillan, J.E.; Kelehan, P.; O’Leary, J.; Downey, P.; Dean, J.; De Gascun, C.F.;
Bermingham, J.; et al. Fetal Deaths in Ireland Due to SARS-CoV-2 Placentitis Caused by SARS-CoV-2 Alpha. Arch. Pathol. Lab.
Med. 2022, 146, 529–537. [CrossRef]

22. Zaigham, M.; Gisselsson, D.; Sand, A.; Wikström, A.K.; von Wowern, E.; Schwartz, D.A.; Iorizzo, L.; Nelander, M.; Blomberg, M.;
Papadogiannakis, N.; et al. Clinical-pathological features in placentas of pregnancies with SARS-CoV-2 infection and adverse
outcome: Case series with and without congenital transmission. BJOG 2022, 129, 1361–1374. [CrossRef] [PubMed]

23. Debelenko, L.; Katsyv, I.; Chong, A.M.; Peruyero, L.; Szabolcs, M.; Uhlemann, A.C. Trophoblast damage with acute and chronic
intervillositis: Disruption of the placental barrier by severe acute respiratory syndrome coronavirus 2. Hum. Pathol. 2021, 109,
69–79. [CrossRef] [PubMed]

24. Li, S.; Sun, D.; Wang, R.; Du, Q.; Chen, H.; Shi, Z.; Zhou, H. Causal association between multiple sclerosis and severe COVID-19:
A bidirectional Mendelian randomization study. J. Neuroimmunol. 2024, 391, 578352. [CrossRef] [PubMed]

25. Redline, R.W. Extending the Spectrum of Massive Perivillous Fibrin Deposition (Maternal Floor Infarction). Pediatr. Dev. Pathol.
2021, 24, 10–11. [CrossRef]

26. Gallais Sérézal, I.; Spehner, L.; Kroemer, M.; Bourezane, I.; Meaux-Ruault, N.; Prati, C.; Pastissier, A.; Lodovichetti, J.; Tiberghien,
P.; Aubin, F. Timing is essential: Humoral and cellular responses to SARS-CoV-2 vaccination in a cohort of patients with
auto-immune diseases treated with rituximab. Heliyon 2024, 10, e38043. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41379-021-00827-5
https://doi.org/10.1007/s00404-022-06614-0
https://doi.org/10.1001/jamanetworkopen.2020.30455
https://doi.org/10.5858/arpa.2021-0586-SA
https://doi.org/10.1111/1471-0528.17132
https://www.ncbi.nlm.nih.gov/pubmed/35243759
https://doi.org/10.1016/j.humpath.2020.12.004
https://www.ncbi.nlm.nih.gov/pubmed/33321162
https://doi.org/10.1016/j.jneuroim.2024.578352
https://www.ncbi.nlm.nih.gov/pubmed/38704884
https://doi.org/10.1177/1093526620964353
https://doi.org/10.1016/j.heliyon.2024.e38043

	Introduction 
	Materials and Methods 
	Detailed Case Description 
	Case 1 
	Case 2 

	Discussion 
	References

