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ARTICLE INFO ABSTRACT

Keywords: Background: Knowledge of the exact organ manifestation is essential for a comprehensive understanding of

H.iStf’Path"lOgY COVID-19 infection. Here, the histopathological changes in the pituitary and adrenal glands were analyzed.

il(;mtarly Methods: In this series, the formalin-fixed tissues of 63 pituitary glands and 50 adrenal glands were examined. We
renal

performed HE and PAS staining and examined COVID-19 nucleocapsid antibody immunohistochemically in the
pituitary glands and adrenals.

Results: Histologically, there was no evidence of COVID-19-specific changes in the pituitary and adrenal glands.
Large pituitary necrosis may be interpreted as a shock reaction. Independent of infection, we found one T-cell
lymphoma, two adenomas, and four Rathke-type cysts in the pituitary glands, and 70% of the adrenal glands
showed decreased lipid content and an increase in compact cells as a stress response. In addition, a cortical
adenoma in one adrenal gland and small cortical nodules in three adrenal glands were detected independently of
COVID-19.

Conclusion: Pituitary and adrenal glands do not appear histologically predominant in the course of COVID-19.

COVID-19 infection

1. Introduction

Understanding the underlying concept of pathomechanisms is
essential for the detection, treatment and prevention of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), the etiological
agent of Coronavirus Disease 2019 (COVID-19). Infection with SARS-
CoV-2 primarily affects the lungs, parts of the respiratory tract and
often the gastrointestinal tract [10]. The infection can cause prognos-
tically relevant thromboembolism [24] and lead to acute respiratory
distress syndrome (ARDS). Organ tropism has been described [2,4,14],
including the nervous system [14], which is partly explained by an
ascending infection along the olfactory nerves [15]. Since SARS-CoV-2
infection can affect many organ systems, it appears as a systemic dis-
ease, including endocrinological pathways [8,12].

The aim of this study was to detect specific COVID-19 histopatho-
logical changes on endocrine organs with a focus on the pituitary and
the adrenal glands.

2. Material and methods

Autopsies were performed between March and December 2020 at the
Institute of Legal Medicine of the University Medical Center Hamburg-
Eppendorf, Germany. Institutional review board approval from the in-
dependent ethics committee of the Hamburg Chamber of Physicians was
obtained for this study (reference numbers 2020-10353-BO-ff and
PV7311).

All deceased patients were examined for SARS-CoV-2 virus RNA by
throat swab, followed by immediate quantitative RT-PCR analysis
before autopsy. At autopsy, the pituitary and adrenal glands were fixed
in buffered 4% formaldehyde and examined macroscopically. A collec-
tion of 63 pituitary glands and 50 adrenal glands were subjected to
further histopathologic examination. Immunostaining of tumorous le-
sions of the pituitary gland was performed with primary antibodies for
GH, prolactin, ACTH, TSH, FSH, LH, alpha subunit, and Ki-67 (MiB-1).
Lymphoma was additionally stained for LCA, CD3, CD20, and CD1la.
Adrenal preparations were stained with hematoxylin-eosin (HE) and
periodic acid Schiff (PAS). The pituitary (n = 10) and adrenal (n = 5)
glands were examined immunohistochemically with the nucleocapsid
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antibody COVID-19 (clone 4A8, CoV2 HS 452 011, synaptic systems,
Gottingen, Germany).

Demographic (place of death, age, sex) and medical characteristics,
including cause of death, comorbidities, and post-mortem interval
(PMI), were collected for the entire collective.

Statistical analysis was performed descriptively using Microsoft
Excel (version 16.16, Microsoft Corporation, Redmond, USA). Variables
were described as percentages, means, and standard deviations (SD).

3. Results
3.1. Pituitary

Of the 63 patients analyzed, patient characteristics were available in
51 cases (80.9%). Of these 51 patients, 50 (98%) died of fatal COVID-19
disease and one patient (2.0%) died of non-COVID-19 disease. The
median age of the patients was 78.4 years (SD 11.4). The median post-
mortem interval (PMI) was 4.0 days (SD 3.9). Table 1 lists the patients’
characteristics and risk factors for severe disease. No preexisting endo-
crine diseases associated with COVID-19 were listed in the medical re-
cords. Immunostaining with the nucleocapsid antibody COVID-19 was
negative in all cases.

Eighty-seven percent of the pituitary glands had regular structures
with normal hormone-producing cell composition and no lesions
(Table 2). Three tumorous lesions were identified: a high-grade T-cell
lymphoma infiltrated the pituitary capsule, the adenohypophysis, and
the neurohypophysis (this patient’s spleen, but no other organ, was also
affected by the lymphoma). Two tumors were pituitary adenomas, one
was a gonadotropic microadenoma, and one was a sparsely granulated
prolactin microadenoma. One pituitary had large acute necrosis in the
anterior pituitary lobe (Figs. 1a and 1b). Rathke-type cysts with typical
respiratory epithelial lining were located in the anterior pituitary or
intermediate zone in 4 cases. Very small cysts with uncharacteristic
epithelial lining were found in the intermediate zone and in the adjacent
anterior pituitary. In the region of the pituitary stalk, one pituitary had a

Table 1
Characteristics of patients, cause of death, place of death, Comorbidities
(pituitaries).

Characteristics (pituitaries) Patients No. (%) (N = 51)

Patient characteristics

Male 30 (58.8)
Female 21 (41.2)
Age mean (SD), y 78.4 (11.4)
Postmortem interval (PMI), mean (SD), 4.0 (3.9)
d
Died of COVID-19 98 (50)
Place of Death
In-patients
Normal ward 19 (37.3)
Intensive care unit 14 (27.5)
Outpatients 17 (33.3)
Unknown Place 1(2.0)
Comorbidities
Chronic heart disease 47 (92.2)
Lung 25 (49.0)
Endocrine 18 (35.3)
Neurologigal 25 (49.0)
Renal 20 (39.2)
Oncological 10 (19.6)
Liver 3(5.9
Chronic inflammation 3(5.9
Pancreatic 1(2.0)
Immunological 2(3.9)
Psychatric 1(2.0)
Others 4(7.8)

#Multiple inclusion of 1 patient in the various categories is possible.
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Table 2
Histopathology of pituitaries (N = 63).
Lesion/Findings Significance Number* Percentage
High grade T-cell lymphoma High 1 1.6%
Gonadotroph microadenoma Medium 1 1.6%
Sparsely granulated Prolactin Medium 1 1.6%
microadenoma
Large necrosis High 1 1.6%
Rathke’s cyst Low 4 6.3%
Small cysts of intermediate zone No 6 9.5%
Hyperplasia of Erdheim’s squamous No 1 1.6%
epithelia
Focal fibrosis No 1 1.6%
No pathological findings 55 87.3%

*) in 4 cases 2 lesions.

large focus of Erdheim-type squamous epithelia. Staining with B-catenin
antibody did not reveal positive nuclei. Therefore, a small craniophar-
yngioma could be excluded.

3.2. Adrenal

Of the 50 patients analyzed, patient characteristics were present in
48 cases (96.0%). Of these 48 patients, 46 (95.8%) died of fatal COVID-
19 disease and 2 patients (4.2%) died of nonCOVID-19-related disease.
One patient died from necrotizing fasciitis and the other from myocar-
dial infarction with cardiac tamponade. Both causes of death were
probably unrelated to COVID-19 and were defined as non-COVID-19
deaths. The mean age of the patients was 78.3 years (SD 10.6). The
median postmortem interval (PMI) was 4.1 days (SD 3.1). Table 3 lists
patient characteristics and risk factors for severe disease. No preexisting
endocrine diseases associated with COVID-19 were listed in the medical
records. Immunostaining with the nucleocapsid antibody COVID-19 was
negative in all cases.

Many adrenals exhibited reduced cytoplasmic lipid vacuoles to
varying degrees, often accompanied by reduced cortical width (Table 4).
Widened cortices were rare. A cortical adenoma with spongiocytic lipid-
rich cells was found. Smaller cortical nodules composed mostly of
spongiocytic cells were present in three adrenals. Small foci of fat cells
and bone marrow cells (myelolipomatous metaplasia) were found in two
adrenals. Small nests of lymphocytes, mostly near the adrenal medulla,
were found in three adrenals. Pronounced atherosclerosis of the adrenal
arteries was found in eight cases.

4. Discussion

The major receptor ACE2, which is required for efficient viral
penetration [11,25],is expressed in endocrine organs such as the pitui-
tary and adrenal glands [9,25], and viral particles have already been
detected in deceased patients [5,13]. This suggests that SARS-CoV-2
infection of endocrine tissues is possible.

In our study, the findings and lesions of the pituitary glands in our
series of patients who died from COVID-19 infection were not signifi-
cantly different from collections without COVID-19 infection (Table 1).

The only finding that could be associated with septic shock is the
large adenohypophyseal necrosis in one case. This could be comparable
to necrosis during or after birth (Sheehan’s syndrome) [23]. The ante-
rior pituitary appears to be a typical “shock organ.” As early as
1976-1979, it was shown in an unselected autopsy series that 20.9% of
all pituitary glands of patients with previous shock events showed
anemic necrosis [19]. 21 years later, very similar studies showed a
decrease in incidence to 7.7% [21]. This could be due to improved
intensive therapy, which reduced the development of shock.

All other lesions appear to be independent of infection. The rate of
adenomas in unselected routine autopsies is about 10% [3]. Most of
them are sparsely granulated prolactin adenomas (39.5%), followed by
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Fig. 1. Necrosis of the anterior pituitary. Amorphous parenchymal tissue with bleedings (left side), preserved tissue (right side). A: Hematoxylin-eosin stain, 180x, B:

PAS-reaction, 440x.

Table 3
Characteristics of patients, cause of death, place of death, comorbidities
(adrenals).

Characteristics (adrenals) Patients No. (N=48) (%)

Patient characteristics

Male 25 (52.1)
Female 23 (47.9)
Age mean (SD), y 78.3 (10.6)
Postmortem interval (PMI), mean (SD), d 4.1(3.1)
Died of COVID-19 46 (95.8)
Place of Death
In-patients
Normal ward 20 (41.7)
Intensive care unit 11 (22.9)
Outpatients 16 (33.3)
Unknown Place 1(2.1)
Comorbidities
Chronic heart disease 44 (91.7)
Lung 27 (56.3)
Endocrine 18 (37.5)
Neurologigal 16 (33.3)
Renal 16 (33.3)
Oncological 11 (22.9)
Liver 5(10.4)
Chronic inflammation 2(4.2)
Pancreatic 121
Immunological 1(2.1)
Psychiatric 2(4.2)
Others 5(10.4)

#Multiple inclusion of 1 patient in the various categories is possible.

Table 4

Histopathology of adrenals (N = 50).
Lesion/Findings Significance ~ Number*  Percentage
Reduced content of lipid in cortical cells  Reactive 35 70.0%
Thin cortex Reactive 13 26.0%
Widened cortex Not clear 2 4.0%
Cortical adenoma Medium 1 2.0%
Micronodular hyperplasia Medium 3 6.0%
Myelolipomatous metaplasias Low 2 4.0%
Focal aggregates of lymphocytes No 3 6.0%
Atherosclerosis of arteries in paraadrenal ~ Not clear 8 16.0%

adipose tissue

No pathological findings 12 24.0%

*) in 20 cases 2 lesions/findings.

gonadotrophic adenomas (7-20%) [3].

This is a good comparison with our COVID-19 collection. These
microadenomas have no biological significance for the death of the
patient.

In contrast, malignant lymphoma of the T-cell type (leukemia)
affecting the pituitary gland and some other organs, especially the
spleen, in a patient is extremely important for the patient and his pre-
disposition to COVID-19 infection, since T-cell lymphomas are more
common in patients with immunodeficiencies. The overall incidence of
malignant lymphoma in surgically removed pituitary glands is 2.9%
[18]. T-cell lymphomas account for 24% of these lymphomas.

Small Rathke’s cysts, often indistinguishable from small intermedi-
ate zone cysts as regular findings on routine autopsies, are found in up to
30% of routine autopsies [ 18] and have no biological significance to the
patient.

We did not obtain immunohistochemical evidence of viral protein in
pituitary cells.

Staining of viral protein by immunohistochemistry in formalin-fixed
tissue is less sensitive compared to diagnostic RT-qPCR because there is
no amplification of the target structures.

To detect the presence of virus in tissues, many proteins must be
accumulated. Thus, although we were unable to detect the presence of
infectious SARS-CoV-2 particles in any of the samples examined, our
results are not evidence of their absence. Apart from large acute necrosis
of the anterior lobe of the pituitary gland and malignant lymphoma, no
particular or specific histopathologic findings associated with COVID-19
infection were noted.

Autopsy studies of patients who had died of severe acute respiratory
syndrome (SARS) in 2003 had shown degeneration and necrosis of ad-
renal cortex cells. The virus was found in the adrenal glands, suggesting
a direct cytopathic effect of the virus [6]. Therefore, cortisol dynamics
may be altered in patients with SARS and COVID-19. Cases have been
reported in which COVID-19 caused adrenal hemorrhage and adrenal
infarction [7,22], further supporting our case and demonstrating that
COVID-19 may affect the adrenal glands through multiple factors.

However, immunohistochemically, we could not detect any viral
protein in adrenal cells. Approximately 40% of our patient group had
pre-existing endocrine lesions, but none of these were associated with
COVID-19 in the medical records, suggesting that a direct cytopathic
effect of the virus could not be demonstrated in our cases. 70% of the
adrenal glands in our series have reduced lipid content in most cortical
cells as lipid-rich spongiocytes of the cortex transform into lipid-poor
compact cells (Table 4). This is thought to be a response to chronic
stress, as it has been shown in animal studies that increased stimulation
of adrenocortical cells leads to a reduction in spongiocytes and an in-
crease in compact cells [20]. The decreased width of the cortex may be
caused by glucocorticoid therapy [16]. If the one cortical adenoma was
hormonally active, this would have been significant for infection, but
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most of these small adenomas in autopsy series are not biologically
significant [17].

Adenomas and micronodular hyperplasia as well as atherosclerosis
in paraadrenal adipose tissue may be correlated with arterial hyper-
tension in many cases [17] and are therefore important for COVID-19
infections [1].

5. Limitations

In this study, SARS-CoV-2 RNA detection was not performed. It
should reveal the histopathological changes. In addition, due to the lack
of clinical parameters, it is difficult to determine whether our patient
had primary adrenal insufficiency due to adrenal inflammation resulting
from viral infection or secondary adrenal insufficiency due to dysfunc-
tion of the hypothalamic—pituitaryadrenal axis.

6. Conclusion

Autopsy studies are important to clarify the effects of pathogens on
different organ systems. In our case series, there was no evidence of
COVID-19-specific changes in the pituitary and adrenal glands. How-
ever, the full spectrum of endocrine manifestations of SARS-CoV-2
infection is still unclear.
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