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A B S T R A C T

We report a case of right upper limb ischaemia diagnosed at birth in a neonate whose mother had presented
with paucisymptomatic COVID-19 four weeks previously. Typical causes were investigated and excluded.
Maternal morbidity and mortality resulting from COVID-19 during pregnancy is well recognised and docu-
mented, however, foetal and neonatal complications are increasingly being reported. Our case sheds further
light on the diverse nature of such complications, and in particular this type of possible association related to
their delayed onset.

© 2022 Elsevier Masson SAS. All rights reserved.
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Background

COVID-19 during pregnancy has been reported in the literature to
lead to an increased risk of acute complications including miscarriage,
preeclampsia, premature delivery, and foetal death in utero [1,2]. Verti-
cal transmission of COVID-19 from mother to foetus, and its direct con-
sequences, has recently been described [3]. However, the indirect
consequences, whether foetal or neonatal, are still poorly known, partic-
ularly medium- and long-term consequences in relation to the episode
of maternal infection [4]. Some studies have demonstrated the existence
of placental tissue damage associated with COVID-19 during pregnancy
and upon delivery [4−7]. Such conditions lead to hypercoagulability
induced by the virus, in addition to overall inflammation due to the
infection and bed confinement associated with the symptomatic phase
[8,9]. The case presented here raises important concerns about possible
delayed foetal and neonatal morbidity following COVID-19 in pregnant
women, even in cases with a mildly symptomatic clinical course.
Case presentation

We report the case of a 29-year-old female patient (gravidity 3,
parity 2) with no notable medical history. Obstetric monitoring was
unremarkable for pregnancy. The patient presented with an influenza-
like illness at 31 weeks and a positive COVID-19 PCR test. She was
admitted at 35+1 weeks having experienced decreased active foetal
movements for three days. Based on an ultrasound scan, foetal weight
was estimated at 2030 g § 10% (< 5th percentile) with a PI > 95th per-
centile, a positive diastole according to umbilical Doppler, and cere-
bro-placental inversion. It should be noted that at the second and third
trimester ultrasound, the foetus was eutrophic at the 30th percentile
with sustained growth. Cardiotocography (CTG) revealed a micro-
oscillating and non-reactive foetal heart rate with no deceleration and
no uterine contraction. A COVID-19 PCR test, performed routinely
upon admission, was negative. As the foetal heart rate was non-reac-
tive, an emergency cesarian section was performed outside of labor
under general anesthesia, which resulted in the birth of a baby boy
weighing 2050 gs (3rd percentile) with the following blood arterial
gas analyses at birth: pH: 6.92, PCo2: 82 mm Hg, HCO3-: 16.5 mmol/l,
base excess − 18.4, and lactates: 9.75 mmol/l. A neonatal examination
revealed ischaemia of the right upper limb, affecting the hand and
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Fig. 1. Clinical course of ischaemia: at birth (a, b), at D21 of life (c), and at D29 of life, i.e. five days after amputation (d).
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forearm to the elbow, with major skin detachment and a haemor-
rhagic bulla on the dorsal aspect of the hand. The thumb and thenar
eminence areas were unaffected (Figs. 1a and b). There was an absence
of radial and humeral pulses, apparent pain, and spontaneous move-
ment of the right upper limb. A neonatal blood test revealed thrombo-
cytopenia at 61 G/L, severe prothrombin deficiency at 25%, fibrinogen
at 0.96 g/L, and a protein C level of 23% (compared to the norm of
20%). Given this context, the child was transferred to a tertiary referral
center for further treatment with intravenous antibiotic therapy,
administration of vitamin K, and a platelet transfusion. Doppler ultra-
sound of the upper limbs showed good patency of the right axillary
and subclavian arteries, however, a patency defect in the proximal por-
tion of the humeral artery was identified with no anomaly in the bra-
chial and cephalic veins. After multi-disciplinary discussion, it was
decided to continue medical treatment with intravenous curative hep-
arin therapy and daily wound care. Local improvement in the ischae-
mic appearance was observed in the following days (Fig. 1c). An
angioscan performed when the baby was seven days old revealed the
presence of a residual non-obstructive clot in the proximal part of the
ulnar artery with good patency of a secondary network supplying the
palmar arch, which accounted for the regression of necrosis, particu-
larly in the thumb. Finally, after stabilization of the necrotic areas, par-
tial amputation of the 4th and 5th rays of the right hand was
performed at 24 days of age, combined with debridement of the dorsal
aspect of the hand and the ulnar border of the forearm (Fig. 1d). Skin
healing was achieved a fortnight after the operation and the new-born
was discharged after one and a half months in hospital.

Sterile blood cultures were revealed in the mother. Thrombophilia
tests (Antithrombin, Protein C, Protein S, Lupus anticoagulant, Factor
V Leiden, Prothrombin gene mutation, anti-b�2-Glycoprotein-1
2

antibodies, and anti-Cardiolipin antibodies) performed on both
parents were negative. However, such negative thrombophilia tests
cannot exclude with certainty the presence of thrombophilia in the
child. The baby presented with a global coagulation factor deficit, but
this is usual for age and term. When rechecked at a later date, no
anomalies were found. No platelet incompatibility was found
between the mother and the new-born. An anatomopathological
examination of the placenta revealed first and foremost a eutrophic
specimen for term with lesions of foetal vascular malperfusion (FVM)
(Fig. 2a) including drastic thrombosis of the large chorionic trunks
and high-grade lesions of the distal villi with large patches of avascu-
lar villi, sparse mesenchymal expression of the S1 spike protein
(umbilical cord and chorionic plate vessels) (Fig. 2b and c) with a pre-
dominantly perivascular tropism and rare villous mesenchymal
expression, a positive staining in rare fibroblastic-type cells in the
placental villi as well as in chorionic plate (Fig. 2d and e) as well as
images of chronic residual villitis on CD3 immunostaining (Fig. 2f)
(References of the antibodies at Supplementary material 1). Placental
specimens, the amniotic membrane, and the umbilical cord were
found to be free of viral RNA based on molecular techniques (qPCR).
In order to rule out any doubts over an immunohistochemistry arte-
fact we performed a negative and a positive control of the immunos-
taining using similar pre-analytic conditions of formalin fixation
(Fig. 2g, h, and i) (Supplementary material 2).

A COVID-19 PCR test was not performed at the time of the child’s
birth, and the child later showed no suggestive symptoms. This test
was performed when the baby was 20 days old, in preparation for
surgery, and was negative. However, COVID-19 serology of the baby
at one month of age revealed the presence of IgG antibodies and
absence of IgM. These serological findings may reflect foetal and/or



Fig. 2. Microscopic examination of the placenta: Histopathological features of the placenta with thrombosis of chorionic vessels and intramural fibrin deposition (a) (b) and (c)
Brown staining of mesenchymal cells of umbilical cord with SARS-CoV-2 Spike protein anti-body, arrow: vascular wall (d) and (e) Positive staining in rare fibroblastic-type cells in
the placental villi as well as in chorionic plate using an antibody to SARS-CoV-2 Spike protein (x40) (f) Lymphocytic villositis with CD3 immunostaining (arrow) (x25). (g) Positive
placenta control SARS-CoV-2 Spike protein with brown staining of the trophoblast layer (to right corner), fibroblastic-type cells of the chorionic plate (on the left) (x20) as well as
exceptional mesenchymal cells of umbilical cord (h). (i) Negative placenta control SARS CoV-2 Spike protein.
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neonatal infection or result from the transplacental passage of mater-
nal antibodies.
Discussion

In contrast to the only similar case previously published (contract-
ing COVID-19 some days before and being positive at delivery) [10],
in our case, the mother had contracted COVID-19 a month before
birth, and was negative at the time of delivery. Little is known about
the prothrombotic nature of this infection in utero. We report here on
drastic placental vascular malperfusion lesions that may cause the
fetal/neonatal complication described. Such placental abnormalities
have been previously reported in patients with COVID-19 with rare
cases of high-grade FVM being described [6]. However, we were
unable to find any histological lesions classically associated with
recent active transplacental COVID-19 infection, such as lymphohis-
tiocytic intervillitis, intervillous thrombosis, or notable trophoblastic
necrosis. In published cases of vertical transmission with severe fetal
adverse effects, viral particles, proteins, and PCR were strongly posi-
tive in fetal placental tissues. Indeed, in those cases, they were acute
COVID-19 infection. The delivery, examination of the placenta,
COVID-19 immuno staining and molecular testing were performed
grossly at the same time of the infectious event and the adverse fetal
outcome [2]. We know much less about old, or sequellar, trans pla-
cental infection with COVID-19, like we supposed in this observation
(viral infection occurred at 31 weeks and vascular fetal complications,
delivery with examination of the placenta, immune staining, and
molecular testing performed one month later). Only the expression
within the placental villi was reported in those publications. Indeed,
the trophoblastic expression is more obvious to visualize as we noted
on the positive control comparing to mesenchymal peri vascular cells
immunostaining with viral protein. These aspects have not been
reported in the published cases of trans placental COVID-19 infec-
tions and virological sampling were not performed and/or not men-
tioned on the umbilical cord or on chorionic plate but rather on the
placental tissue. No differentiated virological sampling of the
3

chorionic plate or umbilical cord was specified in those publications
nor vascular fetal malperfusion abnormalities.

2021 data obtained from umbilical cord-derived mesenchymal
stem cells show that COVID-19 receptor mARN expression is absent/
very low in these cells. These findings were consistent with the very
low expression of viral protein on positive control as well as on the
umbilical cord of the patient. Interesting fact, we observed in the pos-
itive control a lower positivity of viral protein on the umbilical cord
comparing to the mesenchymal cells of chorionic plate supposing
that it could be a variable expression between umbilical cord and
chorionic plate COVID-19 mesenchymal cell receptor mARN. The
kinetic of expression receptor mARN could also be variable according
to the term of the pregnancy. In the 2021 data, obtained from umbili-
cal cord-derived mesenchymal stem cells, the term of pregnancy
were not specified as well.

The presence of rare traces of viral proteins in the villous mesen-
chyme, as well as stigmata of chronic villitis, may point to longstand-
ing transplacental infection, for which we emphasize predominant
tropism to perivascular and non-trophoblastic cells, which may prob-
ably cause this unusual presentation. To our knowledge, the S1 spike
protein labeling sites reported here have not been reported else-
where in the literature. Although it was not possible to demonstrate
viral RNA using molecular techniques (qPCR), we cannot rule out a
potential link between COVID-19 infection and this thrombotic neo-
natal outcome. This complication could be the consequence of an ear-
lier infection (the interval between maternal infection and the birth
of the baby was one month) due to the presence and very low expres-
sion of the S1 spike protein. Moreover, we noted some positivity of
Spike Protein on rare mesenchymal cell villi in addition to the pres-
ence of residual chronic villitis on CD3 immunostaining allowed us to
evoke the hypothesis of a sequellar COVID-19 trans placental infec-
tion associated to fetal vascular malperfusion. Furthermore, this
immunostaining was performed on formalin-fixed, paraffin-embed-
ded tissue and not on fresh tissue, as recommended [11], and areas of
viral tropism were not targeted for molecular examination.

Typical foetal and neonatal thrombotic aetiologies, such as amniotic
bridge, Kasabach-Merrit syndrome [12], and congenital coagulation
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factor deficiency, as well as maternal and paternal origins, were ruled
out. The relationship between maternal COVID-19 and upper limb
ischaemia in the case reported here is of interest, as it highlights the
possibility of delayed foetal/neonatal complications.

Conclusion

We cannot conclude with certainty that the COVID-19 alone was
responsible for such vascular fetal complication, but it is interesting
to describe another such association and that weak perivascular pro-
tein expression at distance of infection. We highlight the need, in
cases of such proven acute vertical infection, to take differentiated
samples (umbilical cord, membranes and placenta) at variable terms
of gestation in order to appreciate expression of viral protein and
receptor viral mRNA to better interpret them in the supposed cases
of possible sequellar infection.
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