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MoTheRs wiTh feTal deMise
Two Cases of SARS-CoV-2 Infection
with Associated Placental Pathology
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Fig. 1a. ISH for SARS-CoV-2 virus showing viral RNA within 
syncytiotrophoblast (Case 1).

Fig. 1b. Immunostaining of C4d in syncytiotrophoblastic layer of placental 
villi (Case 1).
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The novel coronavirus SARS-CoV-2, responsible for 
the COVID-19 disease, has evolved into a worldwide pan-
demic. Although there has been much research on the 
origin, pathophysiology, treatment, and immunization of 
SARS-CoV-2, only a limited number of studies consider its 
effects on maternal health and fetal development, particu-
larly in the second trimester of pregnancy.1-5

We present two similar cases of intrauterine fetal 
demise (IUFD) occurring during the second trimester of 
pregnancy in the setting of a SARS-CoV-2 positive mother.

CLINICAL PRESENTATION
Case 1

A 21-year-old unvaccinated gravida 2 para 1 woman 
(BMI 29.51 kg/m2) presented to Penn Medicine Lancaster 
General Health Women & Babies Hospital triage at 21 weeks 
gestational age. Her past medical history included anemia, 
headaches, a prior detached retina, and frequent tobacco use. 
(She reported quitting during the fourth week of her preg-
nancy.) She complained of leakage of fluid and contractions, 

but otherwise had no symptoms of SARS-CoV-2 infection. 
As part of the hospital protocol during the COVID-19 pan-
demic, the patient underwent a nasopharyngeal PCR screen 
and was found to be positive.

Although ultrasound one week prior had been normal, 
an ultrasound at this presentation confirmed fetal demise. 
She underwent induction with misoprostol and oxytocin, 
and she delivered a male fetus and placenta vaginally after 
six hours of labor without complications. Her vitals were 
normal following delivery. She remained asymptomatic 
from her SARS-CoV-2 infection during her delivery and 
hospitalization. At the patient’s request, a fetal autopsy and 
placental evaluation were conducted.

Case 2
A 29-year-old G1P0 female presented to Women & 

Babies Hospital triage at 22 weeks gestational age with 
complaint of a gush of blood-tinged fluid. She was unvac-
cinated for SARS-CoV-2, and other noteworthy history 
showed that starting two weeks prior to admission she had 
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symptoms of congestion, fatigue, dry cough, diaphoresis, 
chills, and increased dyspnea, especially with exertion. 
Ten days prior to presentation to triage, the patient tested 
positive for SARS-CoV-2 by nasopharyngeal PCR swab. 
No respiratory assistance was needed to treat the dys-
pnea on exertion. She tested negative for SARS-CoV-2 by 
nasopharyngeal PCR one week later (three days prior to 
presentation to triage). 

On presentation to triage, the patient was found to have 
preterm premature rupture of the membranes (PPROM); 
IUFD was confirmed by ultrasound. The patient under-
went induction with misoprostol and delivered a male fetus 
and placenta vaginally after six hours of labor without com-
plications. At the patient’s request, a fetal autopsy was not 
conducted, however a gross external fetal evaluation was 
performed during the placental examination.

PLACENTAL EXAMINATION
Both placentas were submitted to the pathology labo-

ratory in formalin and processed according to standard 
procedures; gross and histological examination were per-
formed. In each case, the placental disc was at the high end 
of expected range (>95th percentile): the first case weighed 
153 grams (96th percentile for gestational age) and the sec-
ond case 175 grams (97th percentile for gestational age).

Six representative unstained placental sections of the 
first case were sent to the pathology laboratory at the 
Hospital of the University of Pennsylvania to undergo 
chromogenic in situ hybridization (ISH) and complement 
4d (C4d) immunostaining. ISH staining confirmed the 
presence of SARS-CoV-2 within the syncytiotrophoblast 
(Fig. 1a). Complement staining of C4d was found in the 
syncytiotrophoblastic layer of the placental villi (Fig. 1b). 
This C4d staining of the placenta was much stronger and 

more uniform in our case than in a second trimester IUFD 
control placenta (Fig. 1c).

In both cases, placental histology showed extensive 
diffuse intervillous and perivillous fibrin deposition with 
widespread associated villous infarction and hemorrhage 
(Figs. 2a and 2b on page 6). In addition, significant thrombi 
deep to the fetal surface and patchy hemorrhage throughout 
the placental parenchyma were identified in both patients 
(Figs. 2c and 2d on page 7). No acute or chronic inflamma-
tion was noted in either case.

FETAL EXAMINATION
A fetal autopsy of the first patient showed no devel-

opmental abnormalities; however, tissue examination 
revealed degenerative changes consistent with IUFD with-
out evidence of vasculopathy. The lung sections showed 
scattered degenerated cells (possibly neutrophils) within 
alveolar spaces. The umbilical cord (aside from being 
slightly edematous) and fetal membranes exhibited no spe-
cific histopathologic abnormalities.

The fetuses’ weights were low: in the first case, 222 
grams (1.45 fetal-placental weight ratio, <5th percentile), and 
in the second case, 392 grams (2.24 fetal-placental weight 
ratio, <50th percentile). The fetal external measurements 
were within normal limits. The organ weights for the first 
case were slightly small for gestational age. In the second 
case, the fetus also showed no gross external abnormalities 
other than blood pooling in areas of the subcutaneous tis-
sue and skin sloughing, indicating death several days prior.

No testing for SARS-CoV-2 was performed on either of 
the fetuses or amniotic fluids.

LABORATORY METHODS
Given the severity of the placental abnormalities 

observed in the first case, six representative unstained 
placental sections were sent to the pathology laboratory at 
the Hospital of the University of Pennsylvania for further 
analysis.

Chromogenic RNA ISH (BOND RNAscope Detection 
Reagents Brown; Leica Biosystems DS9790) was performed 
using a Leica Bond III instrument. Five-micron-thick 
FFPE tissue sections were stained according to manufac-
turer instructions with probes to SARS-CoV-2 viral RNA 
(Probe-V-nCoV2019-S; Advanced Cell Diagnostics 848568). 
Positive (PPIB; Leica Biosystems RS7755) and negative 
(dapB; Leica Biosystems RS77756) control probes were used 

Fig. 1c. Immunostaining of C4d in second trimester IUFD placenta 
(control).

to assess RNA and tissue quality.
The tissue sections were stained using polyclonal anti-

bodies against anti-human C4d (diluted 1:100; American 
Research Products Inc., 12-5000). Staining performed with 
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a Leica Bond III instrument used the Bond Polymer Refine 
Detection System (Leica Biosystems DS9800). Heat-induced 
epitope retrieval was done for 20 minutes in Epitope 
Retrieval Solution 1 (Leica Biosystems AR9961).

DISCUSSION
Although no formal diagnosis of maternal vascular 

malperfusion (MVM) occurred, these cases had many 
features consistent with MVM, such as gross findings of 
placental infarction and hemorrhage, and microscopic 
findings of extensive intervillous and perivillous fibrin 
deposition.3,6 These findings align with those described 
in much of the literature on placental pathology associ-
ated with SARS-CoV-2 infections.1-4 Further, although 
fetal vascular malperfusion (FVM) has been associated 
with COVID-19,1,2,7 there was no evidence of FVM in 
this case.

In addition, there was no evidence of any vasculopathy, 
which has been reported to be one of the main features of 
MVM associated with COVID-19.1-3 No acute or chronic 
inflammation was noted, which is consistent with a subset 
of SARS-CoV-2 positive pregnancies that exhibit no inflam-
matory response.1,2,8 Other studies have demonstrated 
clear evidence of inflammation in SARS-CoV-2 infection-
associated pregnancies through pathologies such as villitis, 
intervillositis, deciduitis, chorioamnionitis, and funisitis.3,4,9 
It is important to note that the lung sections collected 
during the fetal autopsy showed scattered collections of 
degenerated cells within the alveolar spaces, possibly repre-
senting neutrophils (and thus serving as potential evidence 
for inflammation).

Pregnant women have increased levels of ACE 2 
receptors in the placenta to help facilitate fetal growth and 
regulate angiotensin-II levels. Due to the transmembrane 
ACE 2 providing a point of entry into cells, viruses such 
as SARS-CoV-2 can enter the syncytiotrophoblast, cytotro-
phoblast, endothelium, and vascular smooth muscle of villi 
where ACE 2 is significantly expressed.10 Given this virus’s 
association with the activation of coagulation pathways and 
potential progression to fibrinolysis,11 there is enough evi-
dence to suggest hypercoagulopathy leading to thrombosis 
or increased fibrin deposition resulting in associated villous 
infarction or hemorrhage.1-4 These histopathological features 
appear to exist regardless of COVID-19 symptomatology.

Viral particles, such as SARS-CoV-2, can induce acti-
vation of the alternative and lectin complement pathways, 
causing the deposition of several complement proteins.12,13 
One of these complement proteins, C4d, has been used as 
a biomarker to detect antibody-mediated disease, and it has 
applications for detecting antibody-mediated injury in pla-
cental tissue.14,15 Since covalently bound C4d has a greater 
chance of staying at the original site of complement activa-
tion than the antibodies themselves, and because it anchors 
tightly to the tissue, it was utilized for the immunostain 
over other complement proteins and immunoglobulins.14 
Consequently, complement staining of C4d was performed 
to assess for immune-complex-mediated deposition.

In case 1, the syncytiotrophoblastic layer of the pla-
cental villi had evidence of significant and uniform C4d 
deposition, especially when compared to the control 
placenta. A related study also found C4d in the syncytio-
trophoblastic layer of chorionic villi, with C4d expression 
being more significant in preeclampsia placenta relative to 
placenta lacking complications.15 It is important to note 
that while C4d deposition in the preeclampsia placenta was 
correlated with increased syncytial knots, it was not associ-
ated with any other histologic features.15
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Fig. 2a. Extensive intervillous and perivillous fibrin deposition with 
associated villous infarction, 10X (Case 1).

Fig. 2b. Extensive intervillous and perivillous fibrin deposition with 
associated villous infarction, 20X (Case 1).
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Fig. 2c. Gross examination of the placenta reveals patchy 
hemorrhage throughout the placental parenchyma (Case 1).

Fig. 2d. Gross examination of the placenta reveals patchy hemorrhage 
throughout the placental parenchyma (Case 2).

In addition, positive C4d staining (defined as >10% 
syncytiotrophoblast C4d immunoreactivity) has been asso-
ciated with a lower gestational age at delivery, lower infant 
birth weight, and lower placental weight compared with 
cases showing no C4d staining.15 These factors could help 
explain the significant C4d deposition we saw in our case. 
Our results were unlike those of researchers who found 
similar complement staining patterns in placentas from 
patients who were either positive or negative for SARS-
CoV-2 infection.12

When SARS-CoV-2 infects cytotrophoblasts and syncy-
tiotrophoblasts, it elicits complement activation and triggers 
inflammatory cytokines, which are thought to cause a pro-
coagulant environment. More specifically, the complement 
fixation along the villi border might damage the micro-
villous syncytiotrophoblastic membrane, which is then 
responsible for the complement activation and subsequent 
C4d deposition.16

Other researchers postulate that the C4d deposition 
along the microvillous border of the syncytiotrophoblasts 
may be responsible for the subsequent fibrin deposition and 
histiocytic influx.16 This may contribute to the histological 
features we saw in both cases, although only the first case 
underwent C4d immunostaining. Unfortunately, available 
literature regarding the use of C4d staining in SARS-CoV-2 
affected placentas remains scarce.

CONCLUSION
ISH stain for C4d is more conclusive and widely used 

than C4d immunostain.17 In our case, it confirmed the 
presence of SARS-CoV-2 viral antigens in the placenta and 
adds evidence to the possibility of vertical transmission of 
SARS-CoV-2. C4d present in the placenta increases the 
likelihood that SARS-CoV-2 could have been involved in 
the histopathological findings presented and the eventual 
fetal demise in our case. 

This study is subject to some limitations. First, we 
were unable to perform PCR testing on either of the 
fetuses and amniotic fluid to confirm vertical transmis-
sion of infection.8 In addition, the first patient’s past 
medical history of anemia and smoking can potentially 
serve as a contributing factor to the fetal outcome.

The extent of placental changes seen is the most logi-
cal contributing cause of fetal demise observed in both 
cases. Nonspecific, extensive intervillous fibrin deposi-
tion, as well as other features of MVM, have been seen 
in cases of active COVID-19,1-4 even in the setting of an 
asymptomatic mother.1,3

Consistent with our findings, it appears that preg-
nant women with SARS-CoV-2 infections, regardless of 

symptomatology, are more likely to exhibit adverse fetal 
outcomes and have more frequent placental histopatho-
logic abnormalities.18,19 Researchers have found that 
compared to controls, women who had been infected 
were more likely to evolve to preterm labor and infant 
death, and their placentas were more likely to show fea-
tures of MVM and FVM.18

Recent publications demonstrate a greater rate of 
placental histopathologic abnormalities among patients 
with a history of SARS-CoV-2 infection compared to 
controls, especially FVM and villitis of unknown etiol-
ogy, although they did not observe an increase in other 
placental histopathologic lesions.19 Other researchers 
have identified similar fetal and maternal outcomes 
between infected and uninfected groups, as well as no 
significant difference in observed placental gross or 
microscopic morphology.20
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This case discussion highlights the need for more 
studies to further establish the clinicopathological cor-
relations of SARS-CoV-2 infection during pregnancy. 
Doing so would enable providers to better understand 
their implications as they pertain to maternal health and 
fetal growth, and to help facilitate improved perinatal 
outcomes. Until then, increased antenatal surveillance 
and specialized care is needed for pregnant women diag-
nosed with SARS-CoV-2.
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