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Disease specific information and advice: ADRENAL INSUFFICIENCY
Introduction
A novel coronavirus disease (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has affected (as of October 10, 2020) almost 37,350,000 individuals,
claiming more than 1,000,000 lives in over 200 countries worldwide ever since its outbreak in Wuhan,
China in December 2019. The disease then rapidly spread from Wuhan to other areas of China and
throughout the world. On January 3, 2020, a novel coronavirus—severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2 or 2019-nCoV)—with phylogenetic similarity to the SARS coronavirus
(SARS-CoV), the cause of the 2003 SARS outbreak, was isolated in samples of bronchoalveolar lavage
fluid from patients in Wuhan and was confirmed as the cause of the novel atypical form of pneumonia
(1). On March 11, 2020, the World Health Organization (WHO) declared COVID-19 a public health
emer- gency of international concern (2). As of July 4 2020, 10,922,324 people have been infected and
523,011 people have died from COVID-19 globally. The virus spreads like any other respiratory
infectious disease, through contaminated air-droplets of infected persons when talking, coughing, or
sneezing. It can survive in the environment from a few hours to a few days, depending on surfaces
and environmental conditions. The mouth, nose, and ocular mucosa appears to be the major way of
transmission.
In this review, we present a brief overview of the current knowledge on COVID-19 and its
relationship with endocrine diseases, and we make recommendations as Pediatric Endocrinologists
managing patients with increased susceptibility to Covid-19.

Primary adrenal insufficiency
Currently, there is no evidence indicating that patients with adrenal insufficiency (AI) are at an
increased risk for COVID-19 infection. However, several studies have demonstrated that AI patients
have a 2-fold to 8-fold higher risk for infection, which inherently increases the risk of death from
COVID-19 (3-8). In patients with AI, the innate immune response (e.g., natural killer cell cytotoxicity)
is impaired, thereby potentially compromising antiviral immune defense mechanisms and increasing
patients’ susceptibility to respiratory viral infections (9, 10). Moreover, the life-long requirement for
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supraphysiologic glucocorticoid replacement using currently available preparations may place
patients with AI at an increased risk for infectious diseases.

Central (secondary/tertiary) adrenal insufficiency
One of the primary immunoinvasive strategy employed by the SARS-CoV, like influenza virus, is
to knock down the host’s cortisol stress response. To achieve the same, SARS-CoV expresses certain
amino acid sequences that act as molecular mimics of the host adrenocorticotropic hormone (ACTH).
The first 24 amino acids of ATCH (ACTH1-24) are highly conserved between different mammalian
species, while ACTH25-39 represents the less conserved region. Six amino acids at positions 26, 29, 31,
33, 37, and 39 represent the antigenically important positions for mammalian ACTH. SARS (and
influenza virus) contain many permutations of amino acid sequences with homology to these probable
ACTH key residues. Antibodies produced by the host to counteract the virus, in turn, would destroy
the host ACTH, thereby preventing the rise in cortisol concentrations. This would imply that all patients
with SARS might have underlying relative cortisol insufficiency (11). However, data on serum cortisol
concentrations in patients with SARS (or COVID-19) are still not available to date.
SARS (and COVID-19) might also affect the hypothalamic-pituitary-adrenal (HPA) axis. HPA axis
involvement in SARS was first reported by Leow et al., who evaluated prospectively 61 survivors of the
SARS outbreak 3 months after recovery and periodically thereafter. Forty percent of patients had
evidence of central hypocortisolism, however, the majority recovered fully within one year. A small
percentage of patients also had central hypothyroidism and low dehydroepiandrosterone sulfate
concentrations. The authors had proposed the possibility of a reversible hypophysitis or a direct
hypothalamic damage that could have led to a state of transient impaired HPA axis function (12).
Indeed, edema and neuronal degeneration along with SARS-CoV genome had been identified in the
hypothalamus on autopsy studies. It is worth noting that frank hypocortisolism has never been
documented in patients with active SARS (or COVID-19). A prospective study evaluating serum cortisol
and plasma ACTH concentrations in patients with severe COVID-19 is currently ongoing underway
(ChiCTR20000301150).

Tertiary adrenal insufficiency owing to exogenous glucocorticoid administration
Chronic exogenous glucocorticoid administration, including topical, inhaled, oral, intra-articular
or parenteral administration, is widely used to treat various disorders. Excessive glucocorticoid use
itself is associated with severe and intractable courses of viral infections due to the
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immunosuppressive actions of glucocorticoids (13-15). On the other hand, the anti-inflammatory
action of glucocorticoids may mask fever and other indicators of active infection. Therefore, patients
taking supraphysiological doses of glucocorticoids may be more susceptible to COVID-19, although
there is still limited concrete evidence to support this concept. Furthermore, suppression of the HPA
axis in long-term steroid users may cause symptoms of AI. The dose and duration of glucocorticoids
that suppress the HPA axis have not been well established and vary considerably depending on the
subject’s sensitivity to glucocorticoids (16). Therefore, these patients should be monitored closely to
detect symptoms of AI at an early stage and should be prompted to modify their glucocorticoid
replacement dose in order to prevent adrenal crisis and mortality.

Management
Infection is a condition of acute stress that triggers a cytokine-mediated inflammatory response,
which requires an increased dose of glucocorticoids. Since adrenal crises precipitated by infections are
the major cause of death in AI patients (17, 18), an immediate modification of the glucocorticoid
regimen, as indicated in so-called “sick day rules,” should be conducted at the beginning of an
infection. Whenever patients with AI present with cough, sputum, or fever (≥37.5°C), which are
symptoms suspicious for COVID-19, they need to immediately double or triple their daily oral
glucocorticoid dose and continue with the increased dose until the symptoms resolve in order to avoid
adrenal crisis. In addition, patients need to consume more electrolyte-containing fluids. If their
condition deteriorates, or they cannot eat due to vomiting or diarrhea, they should be admitted to the
hospital to receive intravenous hydrocortisone (19, 20). Furthermore, patients are advised to obtain
sufficient hydrocortisone and fludrocortisone supplementation to prepare for “sick day rules” and
“social distancing” during the COVID-19 outbreak in order to maintain the social confinement when
required for impeding the COVID-19 outbreak spread.
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