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Abstract

Purpose The SARS-CoV-2 genome has been detected in a variety of human samples including blood, urine, semen, and
faeces. However, evidence of virus presence in tissues other than lung are limited.

Methods We investigated whether SARS-CoV-2 could be detected in 50 autoptic specimens of endocrine organs from 29
patients who died of COVID-19.

Results The virus was detected in 25 specimens including ten abdominal subcutaneous adipose tissue samples (62%), six
testes (67%), and nine thyroid (36%) samples. The analysis of multiple endocrine organ samples obtained from the same
patients showed that, in virus-positive cases, the viral genome was consistently detected in all but two matched specimens.
Conclusion Our findings show that the virus spread into endocrine organs is a common event in severe cases. Further studies
should assess the rate of the phenomenon in clinically mild cases. The potential long-term effects of COVID-19 on endocrine

functions should be taken into consideration.
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Introduction

The Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) is the causative agent of the Coronavirus
Disease 2019 (COVID-19). As of June 7, 2021, more than
173 million cases have been reported worldwide with over
3.7 million deaths. (https://www.arcgis.com/apps/opsda
shboard/index.html#/bda7594740fd40299423467b48e%c
f6).
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As indicated by the exceptionally high rate of pneumonia
in moderate-to-severe cases, the primary target of SARS-
CoV-2 is the lung [1]. However, COVID-19 is a systemic
disease that can hit several different organs [2]. Indeed, the
SARS-CoV-2 receptor angiotensin-converting enzyme 2
(ACE2) and co-receptor Transmembrane Serine Protease 2
(TMPRSS?2) are expressed in a variety of tissues and also in
endocrine organs [3-5]. Accordingly, the infection may be
associated with endocrine conditions. For instance, about
20% of hospitalized COVID-19 patients develop thyro-
toxicosis [6]. Cases of subacute thyroiditis have also been
observed, suggesting that the virus could directly infect
thyroid cells [7, 8]. SARS-CoV-2 has been detected in the
semen of six COVID-19 patients (about 16% of individuals
tested), including two during the recovery phase. Conse-
quently, infection of the male genital tract is likely to occur,
although the presence of the virus in testes has yet to be
demonstrated [9]. Finally, among the predictors of poor out-
come such as aging, male sex, diabetes, and hypertension,
also overweight and obesity seem to play a central role. This
may be due to an enhanced immune activation and cytokine
production in obese patients [10], but it has been suggested
that the adipose tissue (which communicates with other tis-
sues to regulate the systemic metabolism through secretion

@ Springer


http://orcid.org/0000-0003-1657-5020
https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-021-01628-y&domain=pdf

210

Journal of Endocrinological Investigation (2022) 45:209-214

of adipocyte-derived peptide hormones, inflammatory
mediators, signalling lipids, and microRNAs [11]) might
be involved in virus tropism and replication [12].

Materials and methods

Fifty endocrine FFPE tissue samples obtained from 29
patients and 18 non-COVID-19 control cases were tested
for the SARS-CoV-2 genome by means of an RT-PCR assay
targeting the viral nucleocapsid (N) and RNA-dependent
RNA polymerase (RdRp) genes (Easy SARS-CoV-2 WE
kit, Diatech Pharmacogenetics, Jesi, Italy). In details, the
following specimens were tested in the COVID-19 cohort:
16 abdominal subcutaneous adipose tissues, 9 testes, and 25
thyroid specimens. These were compared to non-COVID-19
control cases: 4 abdominal subcutaneous adipose tissues, 3
testes, and 11 thyroid specimens.

RNA was isolated from samples using the RNeasy FFPE
kit (Qiagen, Hilden, Germany). Viral assays were run in
duplicate using about 250 ng total RNA per test. Samples
were deemed positive when amplicons were obtained for the
N or the RdRp gene, or for both. Borderline results were re-
tested using a different RNA sample extracted from the same
tissue. Relative expression levels were computed as function
of the cycle threshold (Ct) according to the 2724 method
using the RT-PCR internal positive control as reference.

To check whether SARS-CoV-2 antigens could be
detected in the adipose tissue, testis, and thyroid, three-
micrometer-thick sections were stained with anti-SARS
nucleocapsid protein antibody (NB100-56683, Novus Bio-
logicals, Centennial, CO, United States) using an automated
staining system (BenchMark ULTRA, Ventana Medical
Systems, Oro Valley, AZ, United States). Antibody binding
was evidenced with the OptiView DAB IHC Detection Kit
(Ventana). Slides were counterstained with Hematoxylin II
and Bluing Reagent (Ventana).

All analyses and plots were generated in R environment
(https://www.r-project.org, v.4.0.2, last accessed April
2021).

The study was approved by the regional scientific ethics
committee.

Results

The SARS-CoV-2 genome was searched in endocrine
specimens of 29 autopsy cases of COVID-19 (median age
66 years, IQR 42-74; 23 males, 6 females) as well as in 18
autopsy cases of individuals who died for causes other than
COVID-19 (median age 60 years, IQR 48-71; 8 males, 10
females). The median time from initial symptoms to death
was 7 days (range 1-51). The median time from death to
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autopsy was 5 days (range 1-30). All COVID-19 cases
presented histopathologic changes of lung consistent with
moderate-to-severe COVID-19.

In all cases of the COVID-19 cohort, SARS-CoV-2 was
detected both pre-mortem (nasopharyngeal swabs) and post-
mortem (lung tissue). Comorbidities were present in 25/29
(86%) COVID-19 cases: 12 cardiovascular disease (41%),
10 overweight or obesity (34%), 7 diabetes (24%), 4 chronic
pulmonary disease (14%), and 3 malignancy (10%). No evi-
dence of the SARS-CoV-2 genome was found in the control
cases (post-mortem nasopharyngeal swab, lung, adipose,
testis, and thyroid tissues).

The SARS-CoV-2 genome was detected in 10/16 (62%) of
adipose tissue samples, 6/9 (67%) of testes, and 9/25 (36%)
of thyroid specimens. Figure 1 shows the relative quantifi-
cation of SARS-CoV-2N and RdRp gene amplicons in the
adipose tissue (A), testis (B), and thyroid (C). Viral genome
levels ranged widely among cases, with the adipose tissue
bearing the lowest levels, and the testis and thyroid showing
the highest levels. Figure 1D shows data of 10 cases from
which more than one organ was sampled. The time from the
initial symptoms to death (as referred by family members
and hence likely inferior to the real length of symptoms)
ranged from 1 to 15 days. In 8/10 cases, virus was concord-
antly detected in two or three tissue types. Discordant results
were obtained for 2/10 cases. The two latter cases, however,
were characterized by extremely low virus loads.

Immunohistochemistry showed staining for the SARS-
CoV-2 nucleocapsid antigen in all cases that were positive
by RT-PCR. However, the intensity and the extent of stain-
ing was variable from focal positivity to large geographic
staining. Notably, the degree of immunostaining was not
always concordant with the viral load as measured by RT-
PCR. In details, in a small proportion of adipose cells,
the thin rim of cytoplasm surrounding large lipid droplets
stained positive for the nucleocapsid coronavirus antigen
(Fig. 2B). Similarly, cytoplasmic nucleocapsid staining was
observed in cells of seminiferous tubuli in testes (Fig. 2D)
and in the epithelial cells lining thyroid follicles (Fig. 2F).
Thus, in patients who died of COVID-19 but not in controls,
viral proteins of SARS-CoV-2 were expressed in cells of
multiple endocrine organs.

Discussion

In the COVID-19 cohort, the SARS-CoV-2 genome was
detected in 25/50 (50%) endocrine specimens.

Hence, the virus spreading into endocrine organs emerges
as a common event in COVID-19.

However, positivity of PCR assays might also represent
viral spreading via blood/lymphatics rather than specific
virus tropism [2]. Immunohistochemistry indicates that
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Fig.1 The bar plots show the relative abundance of SARS-CoV-2
nucleocapsid (N) and RNA-dependent RNA polymerase (RdRp) gene
amplicons in adipose tissue (A), testis (B), and thyroid (C). Relative
expression levels were computed by the 2722 method using the RT-
PCR internal positive control as reference. Insects refer to cases with

virus replication does occur in differentiated cells of mul-
tiple endocrine tissues. It should be reminded that the viral
tropism is influenced by genetic diversity [13], and that vari-
ation is implicit in clinical studies.

The demonstration that SARS-CoV-2 may directly infect
the adipose tissue, testis, and thyroid helps explain the
previous clinical findings [6-9]. Subacute thyroiditis has
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very low viral load that were not visible using the default scale. D
Ten cases for which different organs were available. Left: grey bars
represent days from initial symptoms to death as reported by family
members. Right, detection of SARS-CoV-2 genome in matched sam-
ples (red, positive; blue, negative; grey, specimen not available)

been reported in patients with COVID-19, and, typically,
the condition is considered of viral origin [14]. We did not
observe morphological alterations associated with virus
positivity. The onset of thyroid conditions after COVID-19
is typically delayed, and can even occur after disease resolu-
tion. In our cases, the great majority of subjects died in less
than 2 weeks from symptoms presentation. Consequently,
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Fig.2 Hematoxylin and eosin staining of adipose, testis, and thyroid
specimens (A, C, E) and immunohistochemical staining of SARS-
CoV-2 nucleocapsid antigen (B, D, F). A Histologic sections of
adipose tissue showing adipocytes of different size. B Granular dis-
tribution of SARS-CoV-2 nucleocapsid antigen in adipose tissue. C
High magnification of normal testis showing seminiferous tubuli. D

we cannot exclude that the absence of plain and consistent
parenchyma alterations is due to the short period from infec-
tion to death.

SARS-CoV-2 has been detected also in semen, but
the biological basis of the phenomenon is unclear. Our
results show that the nucleocapsid antigen of SARS-CoV-2

@ Springer

Moderate brown staining of SARS-CoV-2 nucleocapsid antigen in
the cytoplasm of testis cells. E Low magnification of thyroid paren-
chyma. Follicles of different size are present. F Strong cytoplasmic
staining for SARS-CoV-2 nucleocapsid antigen in thyroid follicular
cells. Original magnification: A 40x, B 40x, C 40x, D 40x, E
10x, F 60x

accumulates in the cytoplasm of seminiferous cells, an indi-
cation of specific viral tropism for the male reproductive
tract.

Finally, the virus was frequently detected in the adi-
pose tissue, supporting the contention that the adipose
tissue represents a key target for virus replication and the
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associated inflammatory changes [12]. Therefore, the poor
prognosis of COVID-19 in overweight/obese subjects [15]
may be due not only to the comorbidities and immune
alterations typical of the above patients, but also to a direct
effect of the virus within adipocytes.

It should be acknowledged that all tested cases had
moderate-to-severe disease, and that virus spread is likely
to be reduced in mild clinical conditions. In addition, the
post-mortem interval before sampling could affect RNA
quality and, consequently, the subsequent assays. Never-
theless, evidences support that viral nucleocapsid anti-
gens are strongly resistant to proteolysis [16, 17] and that
RNA is surprisingly resistant to post-mortem degradation
[18]. Also, the deterioration of RNA is tissue-specific,
gene-specific, and even genotype-dependent [19]. In our
study, we did not observe significant differences in the
post-mortem interval according to the immune or molecu-
lar detection of virus in endocrine tissues. Moreover, we
detected the SARS-CoV-2 genome and antigens in cases
with a post-mortem interval of up to 30 days, which is our
maximum range.

Since an autopsy is the only opportunity to observe the
organs and take optimal samples, these types of studies
should be encouraged and should be complemented by tak-
ing biopsy specimens when clinically allowed. Investigating
which organs are infected by SARS-CoV-2 at different stages
of the disease is of high significance for designing effective
cures and for monitoring the long-term effects of this dread-
ful pandemic.
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