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Abstract
Compared to the parental SARS-CoV-2 virus, infections by the now dominant Delta variant of SARS-CoV-2 appear to be
more common and more severe in pregnant women. The need for a robust, cheap, and quick method for diagnosing
placental infection by SARS-CoV-2 has thus become more acute. Here, we describe a highly sensitive and specific immu-
nohistochemical assay for SARS-CoV-2 nucleocapsid protein for routine use in placental pathology practice.
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Introduction

In the last few months, the Delta variant (B.1.617.2) of
SARS-CoV-2 has become the predominant variant in
many countries.1-4 This has been accompanied by a
greater number of infections among pregnant women and
a greater proportion of severe infection and worse preg-
nancy outcomes compared to the period of SARS-CoV-2
infection prior to the Delta variant dominance.4,5 This
has increased the request for evaluation of placentas to
look for evidence of SARS-CoV-2 infection as a first
step to determining transplacental transmission. The histo-
pathologic features of SARS-CoV-2 infection have now
been well-documented and include histiocytic intervillosi-
tis, intervillous fibrin, and trophoblast necrosis.6-9

However, none of these histologic features by themselves
are diagnostic of SARS-CoV-2 infection of the placenta.
For example, while plasmacellular villitis is characteristic
of cytomegalovirus (CMV) infection, a diagnosis of
CMV placentitis can be confidently made only by the dem-
onstration of CMV cytopathic change and/or immunohis-
tochemistry for CMV proteins. Likewise, a diagnosis of
placental infection by SARS-CoV-2 can only be made by
demonstration of the virus by electron microscopy,
in-situ hybridization or polymerase chain reaction for
viral RNA, or immunohistochemistry for viral proteins.10

Of these techniques, immunohistochemistry is the most
accessible, the easiest and quickest to perform, and the
cheapest option for pathology laboratories across the
world. Here we describe the validation of a robust
SARS-CoV-2 immunohistochemistry assay in placental
tissue.

Methods

After an initial trial of 4 antibodies – 2 against
SARS-CoV-2 spike protein and 2 against SARS-CoV-2
nucleocapsid protein (Table 1), we selected mouse mono-
clonal antibody to SARS-CoV/SARS-CoV-2 nucleocapsid
protein (SinoBiological, Wayne, PA, USA) for its robust
staining in our hands. Using a dilution of 1:4000 and
heat-induced epitope retrieval at high pH, the antibody
was optimized on an autostainer (Dako Omnis, Agilent,
Santa Clara, CA, USA). The optimization was performed
on formalin-fixed and paraffin-embedded (FFPE) sections
of lung tissue from adult patients who died of
SARS-CoV-2 infection as previously reported.11

Results and Discussion

The sensitivity of the optimized immunostain was assessed in
FFPE sections of placental tissues from 9 patients with posi-
tive nasopharyngeal SARS-CoV-2 PCR and characteristic
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clinical and histopathologic features totaling 30 sections
including replicates (2-10 different blocks per case).
Positive staining was typically granular to chunky and
usually intracytoplasmic in the trophoblast, although in

areas of trophoblast necrosis, extracytoplasmic granular to
chunky staining was also considered positive. All 9 unique
placental tissue sections showed robust focal/multifocal (4/
9, 44%) or diffuse (5/9, 56%) staining (Figure 1 A). All

Table 1. Immunohistochemical Antibodies Against SARS-CoV-2.

Target Host Clonality Vendor Catalog #

SARS-CoV/SARS-CoV-2 Nucleocapsid Protein Mouse Monoclonal SinoBiological 40143-MM05
SARS-CoV/SARS-CoV-2 Spike Protein Rabbit Polyclonal SinoBiological 40150-T62-COV2
SARS-CoV-2 Nucleocapsid Protein Rabbit Monoclonal ABclonal A20021
SARS-CoV-2 Spike Protein Rabbit Monoclonal ABclonal A20022

Figure 1. Validation of immunohistochemical staining of SARS-CoV-2 nucleocapsid protein in formalin-fixed and paraffin-embedded
placental tissue. (A) immunoperoxidase staining of the infected placentas showed granular/chunky staining (brown) associated with the
trophoblast. 200x original magnification, magnification bar= 50 microns. (B) hematoxylin and eosin staining of the placentas with
positive immunoperoxidase staining showed characteristic histologic features. Shown here is diffuse trophoblast necrosis with
histiocytes and fibrin in the intervillous spaces. The horizontal arrow points to an area of trophoblast necrosis; the asterisks mark two
areas of histiocytic intervillositis; and the vertical arrow points to a focus of intervillous fibrin. 200x original magnification, magnification
bar= 50 microns. (C) electron microscopy performed on four of the placentas with positive immunoperoxidase staining showed
characteristic SARS-CoV-2 virions. The white arrows point to the rough endoplasmic reticulum; the asterisk is surrounded by many
virions within the vacuole formed by the distended rough endoplasmic reticulum; and the black arrows point to cross-sections of the
helical viral nucleocapsid (tiny black dots). N= nucleus. 40,000x original magnification, magnification bar= 200 nm.
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replicates showed identical staining patterns. Importantly, all
placenta specimens with positive staining showed histopath-
ologic features that are now known to be characteristic for
SARS-CoV-2 infection of the placenta, including histiocytic
intervillositis, intervillous fibrin, and trophoblast necrosis
(Figure 1 B).6,7,12 Further, as the gold standard test, in the
first 4 positive placenta specimens, the presence of virions
in the trophoblast was confirmed by electron microscopy,
which showed characteristic 70 to 100 nm viral particles con-
taining cross-sections of the nucleocapsid most readily iden-
tified in dilated cisternae of rough endoplasmic reticulum
(Figure 1 C).

The specificity of the optimized immunostain was
assessed in pediatric/perinatal tissues from 4 groups: 1)
autopsy lung specimens from patients who died prior to
the pandemic with histologic findings of diffuse alveolar
damage, necrosis, and/or pneumonia of non-viral etiol-
ogy (n= 8); 2) various tissues known to be positive for

other viruses including CMV, herpes simplex virus
(HSV) 1/2, adenovirus, respiratory syncytial virus
(RSV), and varicella zoster virus (VZV) and either neg-
ative for SARS-CoV-2 by nasopharyngeal PCR or from
prior to the pandemic (n= 9); 3) appendectomy speci-
mens from patients with asymptomatic pre-operative
nasopharyngeal PCR-positivity for SARS-CoV-2 (n=
6); and 4) placenta specimens from mothers who were
nasopharyngeal PCR positive for SARS-CoV-2 but clin-
ically asymptomatic or recovered and without character-
istic histologic features suggesting SARS-CoV-2
placental infection (n= 27). All these tissues were nega-
tive for SARS-CoV-2 nucleocapsid protein by immuno-
histochemistry (Figure 2). While there was some
background nonspecific blush in a few tissues, such as
staining of intraluminal material in appendix specimens,
it was not difficult to distinguish background from spe-
cific staining.

Figure 2. Examples of placentas negative for immunoreactivity with SARS-CoV-2 nucleocapsid protein antibody. The top panel shows
a placenta with chronic villitis (villitis of unknown etiology) and the bottom panel shows a placenta with mild histiocytic intervillositis
without trophoblast necrosis or intervillous fibrin. (A) and (C) immunoperoxidase staining. 200x original magnification, magnification
bar= 50 microns. (B) and (D) hematoxylin and eosin staining. 200x original magnification, magnification bar= 50 microns.
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After initial validation of the immunohistochemical
stain by one pathologist (DR), all positively staining and
negatively staining cases (single glass slides or whole
slide scans, no replicates) were reviewed by another
pathologist (CT) without clinical context. There was
100% concordance.

In summary, we have described an immunohistochem-
ical assay for SARS-CoV-2 nucleocapsid protein that is
highly sensitive, specific, and robust, allowing routine
use in placental pathology practice.
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