
11

Changes in cortisol secretion and the role of the glucocorticoid 
receptor in the development of the immune response in patients 
with SARS-CoV-2 infection
Malvina Todorova1, Katya Todorova1

1	 Clinic of Endocrinology and Metabolic Diseases, University Hospital “Dr G. Stranski”, Faculty of Medicine, Medical University – Pleven, Pleven, Bulgaria
Corresponding author: Malvina Todorova (malvinatodorova13@gmail.com)

Copyright: © Malvina Todorova & Katya Todorova.  
This is an open access article distributed under 
terms of the Creative Commons Attribution 
License (Attribution 4.0 International – CC BY 4.0).

Review Article

Summary

With the outbreak of the COVID-19 pandemic, the scientific community has directed its 
attention towards studying the impact of the causative agent, SARS-CoV-2, on the endo-
crine system. It has been proven that the virus exhibits organotropism towards the cortex 
of the adrenal glands, causing tissue damage and hormonal dysfunction. The aim of this 
exposition is to address the question of whether SARS-CoV-2 causes disruptions in the 
hormonal regulation of glucocorticoid hormones. Based on a thorough review of the cur-
rent literature, it is suggested that the virus could potentially directly damage the hypo-
thalamus, leading to a disruption in the regulation of the hypothalamic-pituitary-adrenal 
axis. The decrease in cortisol secretion is a secondary effect. As a result, there is a loss 
of stress-induced cortisol elevation due to the inflammatory process and an increased 
risk of adrenal crisis. On the other hand, inflammatory cytokines synthesized during the 
inflammatory process could stimulate cortisol secretion through an ACTH-indepen-
dent mechanism. The magnitude of the biological response is influenced by the newly 
emerged resistance of cortisol receptors, disturbances in intracellular cortisol signaling, 
and dysregulation between ACTH and cortisol secretion. The detailed study of functional 
changes in cortisol secretion in response to SARS-CoV-2-associated inflammation pro-
vides a new horizon for scientific research following recovery from COVID-19.
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Introduction

Coronaviruses are part of a large family of viruses. In addition to the two known 
forms of the virus, SARS-CoV-1, and MERS-CoV, the newly discovered SARS-
CoV-2, the virus responsible for COVID-19, was identified in 2019. Numerous 
scientific publications have demonstrated the interrelationships between the 
inflammatory status associated with SARS-CoV-2 and adrenal dysfunction. It 
has also been proven that the most important element in initiating COVID-19 
infection is the binding of the SARS-CoV-2 virus to the angiotensin-converting 
enzyme 2 (ACE2) receptor. It is expressed in various tissues, and multiple stud-
ies have shown increased expression of the ACE2 receptor in several endocrine 
glands, including the adrenal glands, suggesting that SARS-CoV-2 exhibits 
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some organotropism towards them, causing tissue damage and subsequent 
hormonal dysfunction (Oguz and Yildiz 2023).

The human adrenocortex expresses not only the ACE2 receptor but also 
transmembrane serine protease (TMPRSS2) (Jensterle et al. 2022), another 
key component for viral invasion. The latter synergizes with the ACE2 receptor 
to accelerate viral entry into adrenocortical cells. Expression of both key viral 
receptors has been found in the adrenal cortex, and more specifically in zona 
fasciculata and zona reticularis (Stefunkova et al. 2021), mainly in epithelial 
but also in mesenchymal and endothelial cells, making the hypothalamic-pi-
tuitary-adrenal axis (HPA) one of the main endocrine targets of SARS-CoV-2, 
determining further consequences for the organism (Mao et al. 2020; Wong et 
al. 2021; Jensterle et al. 2022).

The specific pathophysiological mechanisms of viral damage 
are diverse and can include:

1. Direct cytopathic effects of SARS-CoV-2 on the adrenal glands with 
the development of vasculitis or adrenal vessel thrombosis

А number of studies prove the possibility of the development of adrenal insuffi-
ciency during SARS-CoV-2 infection.

Evidence for such changes is provided by available autopsy studies report-
ing adrenal histomorphological changes that can be attributed to SARS-CoV-2 
infection (Gu and Korteweg 2007).

The leading changes described in the adrenal glands include acute fibrinoid 
necrosis of small vessels, mainly affecting arterioles in the adrenal parenchy-
ma, capsule, and periadrenal adipose tissue. Additional findings include sub-
endothelial vacuolization and apoptosis, without significant signs of inflamma-
tion, parenchymal infarcts, or thrombosis.

Recently, there have also been reported cases of adrenal hemorrhage and 
infarction resulting from COVID-19 infection (Sharrack et al. 2020; Leyendecker 
et al. 2020), further highlighting that COVID-19 can affect the adrenal glands 
through multiple factors, including hypercoagulation, direct endothelial injury, 
microvascular thrombosis, and increased susceptibility of the adrenal glands 
to infarction or hemorrhage due to their vascular anatomy (Hashim et al. 2021).

2. Adrenal insufficiency is secondary to central dysfunction

Leow et al. (2005) conducted a follow-up study on individuals who had recovered 
from SARS-CoV-2 infection. Three months post-recovery, nearly half of the patients 
exhibited hypocortisolism, predominantly of central origin indicated by low ACTH 
levels (Hashim et al. 2021). Notably, the majority of these patients did not receive 
systemic steroids during their treatment for SARS-CoV-2 infection, excluding the 
possibility of HPA axis suppression due to exogenous corticosteroid administra-
tion. Interestingly, the hypocortisolism observed was transient and resolved within 
a year for approximately two-thirds of the patients (Hashim et al. 2021).

Another study also documented impaired adrenocortical response in 28 
COVID-19 patients, demonstrating central hypocortisolism with decreased 
plasma cortisol and ACTH levels. Several potential mechanisms have been 
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proposed to explain COVID-19-associated central hypocortisolism. Given that 
the ACE2 and TMPRSS2 receptors, crucial for SARS-CoV-2 entry into host cells, 
are also present in the hypothalamus and pituitary gland, direct viral cytopath-
ic effects on these areas are plausible. Autopsy studies of COVID-19 patients 
have reported necrosis and infarction in pituitary regions, supporting the hy-
pothesis of direct viral damage. Moreover, genomic sequences of SARS-CoV-2 
have been detected in the hypothalamus, further suggesting virus-induced 
damage to central nervous system structures (Alzahrani et al. 2020).

3. Immune-mediated inflammation

Several authors have proposed the occurrence of reversible immune-mediat-
ed hypophysitis. Recent research in male mice indicated that the S1 subunit 
of SARS-CoV-2 spike protein can traverse the blood-brain barrier, localizing in 
critical areas such as the cerebral cortex, hypothalamus, and hippocampus, 
which play pivotal roles in regulating the HPA axis. Autopsy studies on patients 
infected with severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1) 
revealed reduced counts of somatotroph, thyrotroph, and corticotroph cells 
in the pituitary gland, along with altered immunoreactivity of their respective 
hormones, potentially indicating similar changes in SARS-CoV-2 infection. Con-
versely, no significant changes were observed in mammotroph and gonado-
troph pituitary cells (Jensterle et al. 2022).

Considering the neurological manifestations, it is evident that both the hy-
pothalamus and pituitary gland are impacted directly or via immune-mediated 
mechanisms in COVID-19 infection. Elevated production of proinflammatory 
cytokines, notably IL-1, IL-6, TNF-alpha, monocyte chemoattractant protein 1 
(MCP-1), and granulocyte-colony stimulating factor (G-CSF), has been shown 
to suppress ACTH release, thereby attenuating its effects on adrenal tissue 
(Kunz-Ebrecht et al. 2003; Glaser and Kiecolt-Glaser 2005; Hänsel et al. 2010; 
DeSantis et al. 2012; Vakhshoori et al. 2021).

According to additional researchers, increased levels of inflammatory cy-
tokines can stimulate the HPA axis and promote the release of cortisol. This 
cortisol release is thought to suppress the inflammatory response by inhib-
iting nuclear transcription factor-β (NF-β) signaling (Katz et al. 2022). Thus, 
cortisol is believed to serve as a crucial link between stress and inflammation, 
with levels of cortisol and cytokines potentially indicating an imbalance in the 
immune-endocrine system during stressful conditions (Wolkow et al. 2015). 
Multiple studies have illustrated the significance of a reciprocal feedback loop 
between cytokines and cortisol in maintaining the functionality of the HPA axis 
and immune system homeostasis (Reale et al. 2020).

4. Molecular mimicry

Another pathogenetic mechanism that has been suggested to inhibit the adre-
nal response to stress, causing relative adrenocortical insufficiency is the mo-
lecular mimicry of specific genomic sequences of SARS-CoV-2 and amino acid 
sequences of the ACTH molecule. This may lead to a cross-reactive immune 
response with a subsequent decrease in circulating levels of ACTH (Fox 1976; 
Jensterle et al. 2022; Vakhshoori et al. 2021).
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5. A dissociation between cortisol and ACTH regulation

When assessing potential HPA axis dysregulation in COVID-19 patients, it’s 
important to consider the phenomenon of cortisol and ACTH dissociation. In 
severe illness, cortisol secretion can depend on factors other than ACTH, lead-
ing to this dissociation. Cytokines, which are typically elevated in more severe 
cases, can independently stimulate cortisol production. Additionally, reduced 
peripheral metabolism of cortisol, which extends its systemic half-life, is an-
other ACTH-independent mechanism that can elevate cortisol levels and sub-
sequently reduce ACTH through feedback inhibition. A study noted that individ-
uals with moderate to severe COVID-19 infection often had lower ACTH levels 
but higher cortisol levels, aligning with existing evidence of cortisol and ACTH 
dissociation in severe illnesses (Jensterle et al. 2022).

6. The anatomical location of the vascular network of the adrenal glands

The anatomical configuration of the adrenal glands’ vascular network is unique. 
These glands receive blood from a network of arterioles branching from sever-
al major arteries, yet they have only one suprarenal vein for blood outflow (Fox 
1976). During severe stress, such as that caused by COVID-19, venous drainage 
may be compromised due to ACTH-induced arteriolar dilation, resulting in vas-
cular stasis and potential adrenal damage (Wepler et al. 2020; Vakhshoori et 
al. 2021;). Cholesterol, primarily in the form of high-density lipoprotein (HDL), 
is essential for cortisol production; therefore, reduced HDL-cholesterol levels in 
severe illnesses can contribute to adrenal insufficiency (Vassiliadi et al. 2021).

The interplay between SARS-CoV-2 and the host immune defense

1. Immune inflammation and COVID-19 infection

In numerous COVID-19 cases, the host’s immune response struggles to prop-
erly regulate the increasing inflammation. This inadequate response may re-
sult in an overly intense inflammatory state, characterized by elevated levels 
of proinflammatory cytokines, which further amplify the inflammation. Conse-
quently, coagulation pathways become activated, leading to a heightened risk 
of thrombotic events. This hyperinflammatory condition, often referred to as a 
cytokine storm, is commonly observed in patients who experience rapid clinical 
deterioration, frequently resulting in fatal outcomes (Savla et al. 2021).

Specific to the SARS-CoV-2 virus is that it can destabilize the Th1 helper 
T-lymphocyte response, mediated by the release of various interferons but 
unexpectedly shows an increase in the levels of various chemokines (Sher 
et al. 2023).

This specific feature may be the main weapon for virus invasion and replication.
Recent studies have shown that SARS-CoV-2 causes lesions and atrophy of 

lymphoid tissue in the human body, such as the lymph nodes and spleen, sub-
sequently reducing the production and effects of T cells (Sher et al. 2023).

The main feature of both mild and severe COVID-19 infection is lymphocytope-
nia, characterized by significantly reduced peripheral T-cell levels, including low 
CD4+ and CD8+ T-lymphocytes, NK-cells, and B-lymphocytes. Lymphocytopenia 
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correlates with symptom severity and T-cell count, and may therefore serve as a 
predictor of adverse disease outcomes (Gil-Etayo et al. 2021).

The developing cytokine storm has been observed mainly in patients with se-
vere infection and includes the synthesis of pro-inflammatory cytokines, the re-
lease of interleukins, and the activation of coagulation pathways, subsequently 
increasing the risk of thrombotic complications (Savla et al. 2021).

2. Imbalance between Th1 and Th2 in the setting of COVID-19 infection

According to some studies, the Th1 response is suppressed, while the Th2 re-
sponse is enhanced in COVID-19. In severe cases, this suppression of Th1 re-
sponses may result in inadequate production of IFN-γ and other Th1 cytokines, 
weakening cell-mediated immunity, which is essential for controlling viral infec-
tions. Conversely, an increase in Th2 cytokines, such as IL-4, IL-5, and IL-10, has 
been observed in some patients with severe COVID-19. IL-10, a potent anti-in-
flammatory cytokine, can further suppress the Th1 response, contributing to 
immune system dysregulation (Hosseini et al. 2022).

Persistent viral stimulation and chronic inflammation can lead to the exhaus-
tion and depletion of T-cells, including Th1 and Th2 cells, which further com-
plicates the immune response and recovery. Additionally, the extent of lymph-
openia is linked to the severity of the patient’s condition. While many acute 
viral infections lead to temporary lymphopenia that typically resolves rapidly, 
lymphopenia associated with COVID-19 can be more pronounced and enduring 
compared to that seen in many other viral infections (Gil-Etayo et al. 2021).

From the above, it is clear that T-cells exhibit reduced functionality. Observed 
changes in individual T-cell subpopulations disrupt the balance between 
pro-inflammatory and anti-inflammatory responses. Despite the suppressed 
Th1 response in severe cases of COVID-19, the immune system reacts with the 
hyper-inflammatory response, leading to a massive release of pro-inflammato-
ry cytokines and the subsequent development of a cytokine storm.

Impact of downstream effects of glucocorticoid receptor 
dysfunction on organ function in critical illness-associated 
systemic inflammation

1. Resistance to cortisol action at the glucocorticoid receptor level 
and changes in post-receptor signaling

Glucocorticoid hormones exert their immunological, metabolic, and hemodynamic 
effects through the intracellular glucocorticoid receptor (GCR), which is widely dis-
tributed throughout the body. This receptor is part of the nuclear transcription fac-
tor superfamily and is characterized by a carboxy-terminal region responsible for 
ligand binding, a central DNA-binding domain that interacts with specific DNA se-
quences in target genes, and a hypervariable N-terminal region (Wepler et al. 2020).

The human glucocorticoid receptor (hGR) gene is located on chromosome 
5 and contains 9 exons. Alternative splicing at exon 9 gives rise to two highly 
similar isoforms of the receptor, known as α and β. The hGRα isoform is the 
classical glucocorticoid receptor, functioning as a ligand-dependent transcrip-
tion factor (Wepler et al. 2020).
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Glucocorticoid receptor – beta (hGRβ) does not bind to glucocorticoid hormones 
and exerts a dominant-negative effect on the transcriptional activity of hGRα.

After receptor binding to cortisol (Pal 2022), the receptor-ligand complex is 
translocated into the nucleus, where it binds to specific DNA sequences in the 
promoter regions of target genes and stimulates or represses gene transcrip-
tion (Vassiliadi et al. 2021).

These sequences, known as glucocorticoid response elements (GREs), are 
often characterized by the palindromic sequence CGTACAnnnTGTACT. They 
play a crucial role in modulating the immune response by exerting strong an-
ti-inflammatory effects. This is achieved through mechanisms that involve both 
the innate and adaptive immune systems. GREs contribute to the regulation 
of anti-inflammatory proteins via DNA-dependent processes, non-genomic 
modulation of inflammation, and direct interference with the transcription of 
factors like nuclear factor kappa beta. This results in the suppressed expres-
sion of proinflammatory cytokines, including IL-1, IL-2, IL-6, IL-8, tumor necrosis 
factor, interferon-gamma, vascular endothelial growth factor, and prostaglan-
dins. These cytokines are closely linked to the severity of COVID-19 infection 
(Jensterle et al. 2022; Katz et al. 2022).

This transcriptional activation or repression ultimately leads to the termina-
tion of the inflammatory response.

In a recent investigation, researchers obtained sequencing data of the func-
tionally active GR subunit mRNA from bronchoalveolar lavage samples in pa-
tients infected with SARS-CoV-2. The results indicated a reduction in this mRNA 
in patients with severe COVID-19 compared to those with milder cases. The 
authors proposed that this reduction might reflect a pathological down-regula-
tion of the body’s natural immunomodulatory mechanism in severe cases. They 
suggested that this mechanism could be pharmacologically restored through 
appropriate and timely corticosteroid treatment, potentially lowering the risk of 
long-term complications (Jensterle et al. 2022).

Moreover, because GR is widely expressed and has multiple effects, there 
are many documented side effects linked to glucocorticoid treatment, which 
primarily depend on the dosage and duration of the treatment (Pal and Baner-
jee 2020; Pal 2022).

The range of abnormalities may vary from early signs of hypercorticism in 
patients with individual hypersensitivity to extended suppression of the HPA 
axis following the discontinuation of glucocorticosteroid therapy (Ferraù et 
al. 2021).

Consequently, in January 2020, the World Health Organization (WHO) re-
leased provisional guidelines advising against the routine administration of 
glucocorticoids for treating COVID-19 patients (Katz et al. 2022).

2. Clinical significance of GCR in state of COVID-19 inflammation

Local glucocorticoid availability is determined by the amount of circulating 
ligands and the tissue-specific expression of 11β-hydroxysteroid dehydroge-
nase type 1 (11β-HSD 1), which converts inactive cortisone to active cortisol. 
The tissue-specific actions of glucocorticoids and the glucocorticoid receptor 
(GR) are influenced by local cellular cortisol levels, GR expression, and function-
ality (Bamberger et al. 1996).
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In patients with COVID-19, evolving glucocorticoid resistance is characterized 
by an inadequate GR response to regulate GR-responsive gene transcription 
despite sufficient plasma cortisol levels. This resistance and the subsequent 
effect of cortisol may stem from reduced GR-α mRNA and protein expression, 
decreased expression of receptor subtypes, reduced GR affinity for cortisol, and 
issues with nuclear translocation and/or DNA binding (Bamberger et al. 1996).

Resistance to glucocorticoids is also observed in sepsis and may play a sig-
nificant role in the ineffectiveness of glucocorticoids to improve the condition of 
septic patients. There is evidence indicating a correlation between the degree of 
glucocorticoid resistance and the severity and mortality of diseases, such as acute 
respiratory distress syndrome (ARDS) and septic shock (Pal 2022; Ilias et al. 2023).

In addition to intracellular glucocorticoid resistance due to insufficient 
GR-α-mediated anti-inflammatory activity, a combination with increased GR-β 
expression in circulating cells, which in turn leads to an imbalance between 
GRα and GRβ, has also been found in critically ill patients despite apparently 
adequate levels of circulating cortisol (Annane et al. 2017).

COVID-19-related diseases of the adrenal gland:

1. Cortisol insufficiency associated with critical illness (CIRCI)

CIRCI is a characteristic manifestation of SARS-CoV-2-induced inflammation. The 
consequence of this is the loss of the normal adaptive response, expressed in a 
stress-induced rise in cortisol secretion as a result of the inflammatory process, as 
well as an increased risk of the occurrence of an adrenal crisis (Hakan et al. 2021).

The basis of CIRCI is a dysregulation of the HPA axis during acute viral in-
fection with SARS-CoV-2, which underlies an uncontrolled cytokine storm char-
acterized by hyperinflammation and immunosuppression, changes in cortisol 
metabolism, and tissue resistance to the action of glucocorticoids at the recep-
tor level (Hakan et al. 2021).

During severe COVID-19 infection, as well as in other acute conditions like 
sepsis, septic shock, acute respiratory distress syndrome (ARDS), severe com-
munity-acquired pneumonia, and various shock states, it has been observed 
that these conditions can contribute to critical illness-related corticosteroid in-
sufficiency (CIRCI). Administering pharmacological corticosteroids has been 
shown to lower the risk of CIRCI and reduce the potential long-term effects 
related to severe COVID-19 infection (Hakan et al. 2021).

2. Adrenal insufficiency

Numerous studies tracking patients who have recovered from SARS-CoV-2 in-
fection describe central hypocortisolism, confirmed by established low levels 
of ACTH and cortisol. Consequently, decreased cortisol secretion appears to 
be a secondary effect (Alzahrani et al. 2020). It is noteworthy that most of the 
studied patients had not received any systemic steroids during the treatment of 
SARS-CoV-2 infection, which rules out the possibility of HPA axis suppression 
due to the administration of exogenous corticosteroids. Interestingly, the devel-
oped hypocortisolism was transient and resolved in two-thirds of the patients 
within one year (Hashim et al. 2021).
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Another study also reports impaired adrenal cortical response in 28 patients 
with COVID-19 infection, with plasma concentrations of cortisol and ACTH indicat-
ing central hypocortisolism. Hypotheses regarding the etiology of COVID-19-re-
lated central hypocortisolism are based on the fact that the expression of the 
two receptors through which SARS-CoV-2 enters host cells, namely ACE2 and 
TMPRSS2, are also found in the hypothalamus and pituitary gland, making them 
potential direct cytopathic targets of SARS-CoV-2 (Kanczkowski et al. 2022).

This is further supported by numerous autopsy studies of patients infected 
with the COVID-19 virus, where areas of infarction and necrosis in the pituitary 
gland, neuronal degeneration, and edema have been observed, along with ge-
nomic sequences of SARS-CoV-2 in the hypothalamus, demonstrating direct vi-
ral-induced damage (Abdel-Moneim and Hosni 2021; Kanczkowski et al. 2022).

Moreover, increased stimulation of the pituitary gland observed in the state of 
infectious stress may increase blood flow to the pituitary gland, leading to acute 
apoplexy with subsequent panhypopituitarism. Therefore, COVID-19-associat-
ed prothrombotic and endothelial systemic disorders could be accelerating risk 
factors for pituitary apoplexy, particularly in patients with pituitary adenomas, 
especially those undergoing anticoagulant therapy or those with prolactin-se-
creting macroadenomas on dopamine agonist therapy (Frara et al. 2021).

Conclusion

Clinical studies of changes in adrenocortical secretion in patients with COVID-19 
are ongoing, and data on the dynamics of cortisol and ACTH secretion are not 
yet completely clear. However, clinicians should be vigilant for the possibility of 
developing relative adrenal insufficiency in patients who have had and survived 
COVID-19 infection and have a high index of suspicion for developing adre-
nal insufficiency in patients with COVID-19 exhibiting characteristic symptoms, 
such as hyponatremia, hyperkalemia, and hypotension (Mao et al. 2020).

The detailed study of the functional changes in cortisol secretion in response 
to SARS-CoV-2-induced inflammation provides a new horizon for research after 
surviving COVID-19. There are still many questions waiting to be answered, one 
of which is how the inflammatory status modulates adrenal glands function 
and to what extent adrenocortical impairments are temporary or permanent.
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