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Abstract
Objective To analyze the clinical presentations of patients with endogenous Cushing’s syndrome (CS) affected by Cor-
onavirus disease-19 (COVID-19).
Materials and methods Patients who were referred to our clinic with active CS from 31st March to 15th May 2020 were
screened for COVID-19 using real-time reverse transcriptase–polymerase chain reaction (RT-PCR). Late-night serum
cortisol (64–327 nmol/L), late-night salivary cortisol (LNSC) (0.5–9.4 nmol/L), or 24-h urinary free cortisol (24 hUFC)
(100–379 nmol/24 h) were measured by electrochemiluminescence immunoassay.
Results Among 22 patients with active CS we found three cases affected by COVID-19. Nonspecific inflammation markers
were within the reference range or slightly elevated in these patients. A 71-year-old woman with newly diagnosed CS (late-
night serum cortisol >1750 nmol/L, LNSC 908.6 nmol/L) developed dyspnea as an only symptom and died from bilateral
polysegmantal hemorrhagic pneumonia 7 days later. A 38-year-old woman with a 5-year medical history of active Cushing’s
disease (CD) (late-night serum cortisol 581.3 nmol/L, 24 hUFC 959.7 nmol/24-h) suffered from dyspnea, cough, fever
(39.3 °C) and chest pain. Oxygen therapy, antibiotics and symptomatic treatments lead to full recovery 24 days later. A 66-
year-old woman with a 4-year medical history of mild CD (late-night serum cortisol 603.4 nmol/L, LNSC 10.03 nmol/L)
tested positive for COVID-19 in routine screening and remained asymptomatic.
Conclusions The outcome of COVID-19 in patients with CS depends on the severity of hypercortisolism. Thus, severe
hypercortisolism is a warning sign that CS affected by COVID-19 could require emergency care despite a lack of clinical
presentations and low inflammation biomarkers.
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Introduction

Coronavirus disease-19 (COVID-19) is a novel viral pan-
demic disease caused by severe acute respiratory syndrome-
Coronavirus-2 (SARS-CoV-2) [1]. According to the World
Health Organization, (WHO) more than 80% of patients
have mild symptoms or are asymptomatic and ~14% suffer
a severe course of the disease and require hospitalization.
However, 5% may suffer critical illness with multiple
organ dysfunction syndrome (MODS), acute respiratory
distress syndrome (ARDS), and death (https://www.who.
int/emergencies/diseases/novel-coronavirus-2019/situation-
reports/). Common symptoms in hospitalized patients are
fever (70–90%), dry cough (60–86%), shortness of breath
(53–80%), fatigue (38%), and myalgias (15–44%), which
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coincided with laboratory abnormalities such as lympho-
penia (83%), elevated inflammatory markers (e.g. Ery-
throcyte sedimentation rate (ESR), C-reactive protein
(CRP), ferritin, Interleukin-1 (IL-1), IL-6 etc.) and abnormal
coagulation parameters [2–4].

It is currently believed that a key step in developing severe
COVID-19 is immune dysfunction resulting in «cytokine
storm syndrome» which is a variety of systemic inflamma-
tory response syndrome [2, 5, 6]. Based on a cohort study,
COVID-19 associated hyperinflammatory syndrome (cHIS)
was recently defined using a six-criterion additive scale: fever
>38.0 °C, macrophage activation (ferritin of 700 μg/L or
more), hematological dysfunction (neutrophil to lymphocyte
ratio of 10 or more), hepatic injury (lactate dehydrogenase of
400 U/L or more or aspartate aminotransferase 100 U/L or
more), coagulopathy (D-dimer of 1.5 μg/mL or more) and
cytokinaemia (CRP of 15mg/dL or more, IL-6 of 15 pg/mL
or more or triglycerides of 150 mg/dL or more) [7]. This
scale shows association with COVID-19 progression to
mechanical ventilation and death [7].

Currently, glucocorticoids (GCs) have proven to be effec-
tive at preventing death in patients requiring respiratory sup-
port in a randomized control trial [8]. Exogenous GCs were
reported to reduce CRP and IL-6 plasma levels in patients with
COVID-19, without affecting virus clearance [9, 10]. Currently
the WHO guidance strongly recommends systemic GC ther-
apy for 7–10 days in patients with severe and critical COVID-
19 [11]. Synthetic GCs such as dexamethasone may have
different effects from cortisol in immune cells [12]. Never-
theless, the first description of the anti-inflammatory effects of
cortisol was done in 1949 by Hench et al. [13], who reported
that high levels of cortisol in patients with endogenous
Cushing’s syndrome (CS) exerted an anti-inflammatory effect
in a subset of patients also suffering from rheumatoid arthritis.

CS is a rare disorder with an estimated prevalence of
around 40 cases per million [14]. In around 80% of cases, CS
is caused by overproduction of adrenocorticotropic hormone
(ACTH) by pituitary adenoma (Cushing’s disease (CD)) or
carcinoid tumor (ectopic ACTH syndrome (EAS)) and in
20% of cases it is caused by cortisol excess caused by adrenal
tumor or hyperplasia [14]. Chronic hypercortisolism pro-
vokes the alteration of all neutrophil functions, significantly
hindering the immune response, predisposes to atypical
presentations of infectious disease and opportunistic infec-
tions [14, 15]. Additionally, patients with CS have several
comorbidities such as obesity, arterial hypertension, diabetes
mellitus (DM), coagulopathy, myopathy, depression, and
neuropsychiatric disorders [16], which potentially predis-
poses patients with CS to a severe course of COVID-19 [17].
Due to a compromised immune system in patients with CS,
restrictions in diagnostic and invasive treatment procedures
were recommended to prevent risk of transmission [18, 19].
However, with the recent evidence on the positive effects of

GCs in severe cases of COVID-19 [8, 11], it could be
speculated that patients with active CS may have a reduced
chance of developing cytokine storm and ARDS in case of
COVID-19. Nevertheless, there is limited data on patients
with CS affected by COVID-19 [20, 21].

In this case series we describe three clinical presenta-
tions of COVID-19 confirmed by real-time reverse
transcriptase–polymerase chain reaction (RT-PCR) in
patients with active CS.

Materials and methods

An observational study describing a case series of patients
with active CS affected by COVID-19 enrolled from the
referral population of the National Medical Research Centre
for Endocrinology (NMRCE) from 31st March to 15th
May 2020.

The patients were included based on a positive COVID-
19 test and clinically and biochemically confirmed active
CS. Diagnosis of COVID-19 was based on positive results
for SARS-CoV-2. Two nasopharyngeal and oropharyngeal
throat swab samples were collected from each patient and
tested for SARS-CoV-2 using RT-PCR.

Diagnosis of CS was based on at least two of the fol-
lowing tests: 24-h urinary free cortisol (24 hUFC) above the
reference range, late-night serum cortisol at 23:00, late-
night salivary cortisol (LNSC), non-suppression of morning
serum cortisol lower than 50 nmol/L in a low-dose (1 mg)
dexamethasone suppression test (LDDST) in accordance
with Russian and international guidelines [22–24].

The study was approved by the NMRCE local ethical
committee. The patients were anonymously registered after
providing general informed consent that their data could be
used for research purposes.

The following clinical data were analyzed: age, sex,
comorbid conditions, symptoms of respiratory infections,
laboratory results, and clinical outcomes.

Hormonal assessment was performed by electro-
chemiluminescence immunoassay for ACTH (reference range:
morning 7.2–63.3 pg/mL, late-night at 23:00 h 2–25.5 pg/mL),
serum and salivary cortisol (late-night serum cortisol at
23:00 h (64–327 nmol/L), LNSC at 23:00 h (0.5–9.6 nmol/L)
[25], serum cortisol after LDDST (cut-off value for suppres-
sion 50 nmol/L)) on Cobas e601 automated analyzer. The
24 hUFC (reference range (100–379 nmoL/24-h)) was mea-
sured by immunochemiluminescence assay on Vitros ECi.

All patients underwent a chest computed tomography
(CT) scan. All lung images were analyzed by radiologists,
focusing on the lesion features of each patient, including
distribution characteristics, number of lobes involved, and
other findings such as pleural effusion, pericardial effusion,
or pulmonary emphysema.
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Results

From 31st March to 15th May 2020, there were 22
cases of patients with active CS referred to our tertiary
referral clinic. Among them we found three cases of
active CS and COVID-19 confirmed by SARS-CoV-2
RT-PCR tests.

The patients’ general characteristics and clinical pre-
sentations at the time of SARS-CoV-2 diagnosis are sum-
marized in Table 1. The available laboratory findings for all
three cases are presented in Table 2. The activity level of
hypercortisolism was assessed just before COVID-19
diagnosis in case 1, 3 weeks after recovery in case 2 and
during the course of COVID-19 in case 3.

Case 1

A 71-year-old woman with a 20-year medical history of
type 2 diabetes mellitus (T2DM) was admitted to our
department in April 2020. The patient had previously been
under observation in our clinic due to T2DM and her most
recent visit as an outpatient for routine evaluation in January
2020 showed no signs of CS which suggested that the
duration of CS was less than 3 months. At the time of
admission, the patient was immobilized due to profound
weakness; morning cortisol levels 1750 nmol/L, potassium

1.75 mmol/L. Further laboratory tests confirmed ACTH-
dependent endogenous CS (Table 2. (Case 1)). In addition
to this the patient had elevated chromogranin A—4.6 nmol/
L (reference range <2.0). EAS was suspected, but on total
body CT and MRI there were no signs of tumor or
pneumonia.

Due to acutely developing life-threatening complications
such as hypokalemia, anemia, hypoalbuminemia, hyper-
glycemia (17 mmol/L), and renal failure (glomerular filtra-
tion rate—22 mL/min/1.73 m2) the patient was admitted to
an intensive care unit in order to prepare for a life-saving
bilateral adrenalectomy. We intended to lower cortisol
levels in this case, but etomidate is not available in Russia
and due to the severe course of the disease, oral medications
and pasireotide were not initiated in the emergency
care unit.

On the 7th day of hospitalization, she was re-located to
another hospital because our surgical building had become
an infection clinic to provide care for COVID-19 patients.
On the 13th day of hospitalization, the patient’s condition
deteriorated due to dyspnea and she tested positive for
SARS‐CoV‐2 for the first time. A chest CT scan showed
bilateral diffuse ground-glass opacities (GGOs) and bilateral
pleural and pericardial effusion. Despite this, her body
temperature and nonspecific inflammation markers
remained normal (Tables 1 and 2).

Table 1 Clinical and
radiological characteristics of
patients with ACTH-dependent
Cushing’s syndrome and
concomitant SARS-2-CoV

Patient 1 Patient 2 Patient 3

Gender Female Female Female

Age, years 71 38 66

Body mass index 33.8 kg/m2 32.5 kg/m2 33.7 kg/m2

Comorbidities

• Hypertension Yes Yes Yes

• Diabetes mellitus Yes No Yes

• Cardiovascular
disease

Yes No Yes

Symptoms

• Fever No Yes No

• Cough No Yes No

• Dyspnea Yes Yes No

Chest CT scan Bilateral diffuse areas of
GGOs and consolidations,
bilateral pleural and
pericardial effusion

Bilateral diffuse
areas of GGOs with
subpleural
distribution

Bilateral areas of single
GGO and consolidation
with subpleural
distribution

Degree of lungs
involvement

80% Not available 4%

Supplementary O2

requirement
Yes Yes No

Length of stay, days
after diagnosis of
COVID-19

7 24 10

Status Dead Alive, discharged Alive, discharged

CT computed tomography, GGO ground-glass opacity
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The patient had a very high neutrophil to lymphocyte
ratio—14, anemia and low platelet count, elevated ferritin
and slightly elevated lactate dehydrogenase, however
aspartate aminotransferase, CRP and ESR were within the
reference range (Table 2). In accordance with cHIS criteria
[7] the patient had hematological dysfunction with all the
other parameters lower than suggested for COVID-19-
associated hyperinflammation syndrome. In spite of this, the
patient’s respiratory status rapidly deteriorated over the next
4 days, progressing to ARDS requiring artificial ventilation.
Due to worsening of respiratory symptoms, CT scans were
repeated 3 days later and showed multifocal pneumonia
with 80% affected lung tissue (Fig. 1).

The patient received all possible supportive care with
potassium levels reaching 3.5–3.6 mmol/L; glucose levels
8–10 mmol/L. She was also tested for IgM and IgG for
Chlamydia pneumonia and Mycoplasma pneumonia, both
of which were negative. The patient went into cardiac arrest

Table 2 Laboratory
characteristics of patients with
ACTH-dependent Cushing’s
syndrome with confirmed
COVID-19 pneumonia

Patient 1 Patient 2 Patient 3 Reference range

ACTH morning 445.8 74.42 25.67 7.2–63.3 pg/mL

ACTH at 23:00 h – 66.27 15.06 2–25.5 pg/mL

Late-night serum cortisol at 23:00 h >1750 581.3 420.2 64–327 nmol/L

Late-night salivary cortisol at 23:00 h 908.6 9.05 10.03 0.5–9.65 nmol/L

Serum cortisol after LDDST >1750 747.4 603 <50 nmol/L

24-h urinary free cortisol – 959.7 286.2 100–379 nmol/L

Hemoglobin A1c (HbA1c) 8.0 NA 7.6 4–6%

Hemoglobin 82 104 113 112–153 g/L

WBC 12.4 8.11 9.44 3.4–10.8 × 109/μL

RBC 2.92 4.44 5.01 3.8–5.2 × 1012/μL

ANC 11.18 6.8 6.35 1.5–6.8 × 109/μL

Lymphocyte count 0.78 0.63 2.09 0.86–4.07 × 109/μL

Neutrophil to lymphocyte ratio 14.3 10.7 3.0 –

Platelet 73 247 424 152–372 × 109/μL

Hemoglobin 82 104 113 112–153 g/L

ESR 2 75 50 2–30 mm/h

Total protein 44 70.5 – 64–83 g/L

C-reactive protein 4.3 33.5 5.2 0.1–5.0 mg/L

Ferritin 968.4 – 37.7 20–300 ng/mL

Lactate dehydrogenase 481.2 – 209 125–220 U/L

Aspartate aminotransferase 29 28 15 5–34 U/L

Prothrombin time 12.8 11.4 11.1 9.4–12.5 s

D-Dimer 310 – – 0–230 ng/mL

Potassium 1.7 4.6 4.2 3.5–5.1 mmol/L

SARS-CoV-2 test Positive Positive Positive

ACTH adrenocorticotropic hormone, LDDST low-dose (1 mg) dexamethasone suppression test, WBC white
blood cells, RBC red blood cells, ANC absolute neutrophil count, ESR erythrocyte sedimentation rate, NA not
applicable (the patient had normal glucose levels, including glucose tolerability test),—not available in due
to COVID-19

Fig. 1 Patient 1 computed tomography (CT) of the lungs 3 days before
death. Chest CT with diffuse bilateral pneumonia and air broncho-
grams in right upper lobe
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and died despite all supportive therapy 7 days after COVID-
19 was confirmed on RT-PCR. The officially certified cause
of death was COVID-19 complicated by bilateral polyseg-
mental hemorrhagic pneumonia and ARDS with CS as a
concomitant disease. There was no mention of an ACTH-
producing tumor in the post-mortem report which might be
related to the small tumor size or to the specific infection
conditions which does not support sufficiently careful
examination of patients with COVID-19.

Case 2

A 38-year-old woman with CD who had been under
observation in our clinic for 5 years. Two transsphenoidal
neurosurgeries between 2015 and 2020 proved the presence
of an ACTH-producing pituitary tumor confirmed by
immunohistochemistry. Neurosurgery was first performed
in May 2015 revealing ACTH-secreting pituitary adenoma
with Ki-67= 9.11%. A short period of cortisol normal-
ization was followed by an active stage of disease and in
November 2017 a second neurosurgery was performed (the
removed tissue was basophil ACTH-producing pituitary
adenoma; Ki-67= 30.2%) with temporary normalization of
cortisol levels followed by an active stage of disease.
During the 5 years of observation the patient was prescribed
pasireotide and ketoconazole. However, due to poor toler-
ability she declined taking medication to resolve hyper-
cortisolism. Repeated tests in 2019 showed 24 hUFC –

1239 nmoL/24 h; 2750 nmoL/24 h; LNSC – 14.78 nmol/L)
which proved active hypercortisolism. Three weeks after the
patient was discharged from the COVID-19 clinic, the
evaluation confirmed active CD (Table 2). The patient
suffered from mild hypertension and obesity. Radiosurgery
was postponed due to COVID-19.

In April 2020 the patient was hospitalized, tested positive
for SARS‐CoV‐2 with dyspnea, cough, chest pain, and

fever with a maximum temperature of 39.3 °C (Table 1). A
CT scan showed bilateral GGOs of both lungs. Oxygen
therapy, antibiotic and symptomatic treatments with para-
cetamol were initiated. Significant clinical improvement
was achieved on the 14th day of hospitalization. She was
discharged from hospital on day 24 without symptoms after
being double tested negative for SARS‐CoV‐2. Three
weeks later a CT scan showed only very mild signs of lung
fibrosis, suggesting a full recovery (Fig. 2).

Case 3

A 66-year-old woman with confirmed CD who had been
under observation in our clinic for 4 years. CD was con-
firmed when she was 62 years old based on bilateral
inferior petrosal sinus sampling and following histological
evaluation after neurosurgery. She achieved clinical and
biochemical improvement after a transsphenoidal adeno-
mectomy at 62. However, slightly increased 24 hUFC
(388.8 nmoL/24-h; 465.29 nmoL/24-h and late-night serum
cortisol—350.3 nmol/L; 494 nmol/L levels above the
reference range remained over 4 years of observation. Her
LDDST never returned to full suppression. This patient was
prescribed pasireotide, but declined this medication.

Six months before the COVID-19 pandemic, active CD
was confirmed based on increased 24 hUFC above the
reference range and negative LDDST. MRI scans did not
show any signs of pituitary lesion. The patient had a
minimum 20-year medical history of T2DM, hypertension,
and cardiovascular disease.

She tested positive for SARS‐CoV‐2 at a routine
screening in May 2020. A chest СT scan showed typical
signs of pneumonia with 4% lung involvement (Fig. 3). The
patient was hospitalized in order to prevent possible com-
plications. Compared to the previous CS evaluation,
24 hUFC was within the reference range, however late-night
serum cortisol was elevated and LDDST was negative
(Table 2). On admission, review of her respiratory and
cardiovascular systems showed no signs of abnormalities.
Her vital signs were stable, with no fever (t= 36.5 °C),
cough, or difficulty breathing. The patient had slightly
elevated ESR and all other results within the reference range
(Table 2). The patient received her usual insulin and
hypotensive treatment. She made a full recovery after
10 days, remaining asymptomatic.

Discussion

This case series represents different presentations and out-
comes of patients with active CS affected by COVID-19. At
the time of our observational study, there were no estab-
lished effective treatments for COVID-19 and our patients

Fig. 2 Patient 2 computed tomography (CT) of the lungs 1 month after
COVID-19 recovery. Resolution of consolidation with minimal resi-
dual ground-glass opacities (arrows)
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with endogenous hypercortisolism received only sympto-
matic and supportive care.

The chronic impairment of lymphocyte maturation and
differentiation [15], a large decrease in B- and T-
lymphocytes and natural killers, a lack of T-helper cell
activation may favor opportunistic and intracellular infection
[15, 26] and may lead to a worse COVID-19 prognosis in
patients with CS. In addition to this, cardiovascular com-
plications amplified by an increased thromboembolic risk
are the two leading causes of death in patients with CS [19].

Nevertheless, GCs inhibit the expression of many
proinflammatory cytokines including IL-1–6; IL-11–13; IL-
16–17, interferon-γ, tumor necrosis factors-α, granulocyte-
macrophage colony-stimulating factor [15, 26]. GCs also
downregulate the production of several chemoattractants
and suppress CD4+ T-cell activation [27], which make
GCs potentially beneficial in patients suffering from a
pathologic immune reaction [19].

Currently, RECOVERY is the only prospective rando-
mized trial, in which 2014 patients affected by COVID-19
were randomized to dexamethasone 6 mg per day (oral or
intravenous) for 10 days and compared to 4321 patients
receiving usual care. Evaluation at 28 days found a sig-
nificant 35% reduction in mortality amongst patients
receiving invasive mechanical ventilation (p= 0.003) and
by 20% among patients on supplemental oxygen therapy (p
= 0.0021). No benefit was observed in mild or moderate
cases, which did not require oxygen support (p= 0.14) [8].

Of the five previous studies (four retrospective and one
quasi-prospective study) conducted with GCs, three trials
showed benefits, whereas two trials showed no benefit in
COVID-19 patients [28–32]. A common pattern evolving

from these retrospective trials suggests more benefit from
low dose GCs compared to high dose GCs [27]. In our case
series, extremely high cortisol levels in case 1 were clearly
not beneficial as this patient had fulminant progression of
lung damage.

Preliminary observations suggest that COVID-19 pneu-
monia in patients with cardiac diseases, hypertension, dia-
betes, or immunodeficiency syndromes can more easily
become a critical illness or cause death [33]. Previous studies
also confirmed that age, lymphopenia, thrombocytopenia,
leukocytosis, elevated D-dimer, and prolonged prothrombin
time have been associated with higher risk of fatality from
COVID-19 [4, 34]. Most of these negative risk factors were
presented in case 1. In addition to this, severe hypercortiso-
lism in case 1 caused MODS, hyperglycemia, and electrolyte
disturbances, which together likely contributed to the unfa-
vorable outcome. Nevertheless, the exact cause of fulminant
lung damage remains unknown in this case.

Contrary to the 71-year-old with severe hypercortisolism,
the 66-year-old patient (case 3) with mild CD had asymp-
tomatic COVID-19 in spite of the presence of the same
clinical risk factors such as T2DM, hypertension, obesity,
and advanced age. Similarly, a mild clinical presentation of
COVID-19 was previously reported in a 71-year-old male
patient with active CS [21] and in a 47-year-old female
patient with rheumatoid arthritis receiving GCs [35].

In contrast, the 38-year-old (case 2) with moderately
elevated cortisol levels had a typical clinical presentation of
COVID-19. This young patient made a complete recovery
with minimal signs of lung fibrosis assessed 3 weeks after
being discharged, which may be due to the positive effects
of hypercortisolism.

Fig. 3 Patient 3 computed tomography (СT) of the lungs at the time of COVID-19 diagnosis. А CT, axial images. Subsegmental fibroatelectasis
(arrows). B CT, axial images. Residual ground-glass opacities with subpleural bands (arrows)
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Neither of our patients received treatment to resolve
hypercortisolism due to various reasons. However, there is a
clinical case of a 67-year-old man with CD who was hos-
pitalized due to COVID-19 pneumonia receiving pasireo-
tide and metyrapone. This patient developed adrenal
insufficiency and required intravenous hydrocortisone [20].
He had several elevated inflammation markers, such as CRP
—57 mg/L, D-dimer—943 μg/l. Repeated chest X-Ray
showed progression of bilateral pneumonia. Nevertheless
the overall outcome was favorable [20].

Based on our observational results, cytokine storm was
possibly prevented in patients with CS. Following the cHIS
criteria [7], the patient with the highest cortisol levels (case
1) had hematological dysfunction and signs of macrophage
activation without fever, significant coagulopathy, hepatic
injury, or increased inflammation markers based on CRP
concentration. Thus, the damaging effects of COVID-19 in
this case series were most likely different from previously
reported features of hyperinflammation syndrome.

In summary, this clinical case series gives a first insight
into the clinical and laboratory presentations of patients
with ACTH-dependent CS and confirmed COVID-19
infection. It seems possible that the clinical course of
COVID-19 is dependent on the severity of endogenous
hypercortisolism. Based on our clinical findings, hypercor-
tisolism was indeed beneficial at reducing nonspecific
inflammation markers, which might prevent a severe course
of COVID-19 and further lung fibrosis. However, severe
hypercortisolism was associated with fulminant progression
of pneumonia causing death. Thus, severe CS affected by
COVID-19 is more likely to require emergency care despite
a lack of clinical presentations and low inflammation
biomarkers.
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