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Learning 
Objectives

Review Epidemiology, 
virology and the 

pathophysiology of 
SARS-CoV-2

Analyze the potential 
effect of hormones on 

the susceptibility to 
COVID-19 infection

Discuss about the 
relationships between 

COVID-19 infection 
and the endocrine 

system.

Asses the 
recommendations for  

management of 
endocrine diseases 

during COVID19 era.  



News



Epidemiology

Confirmed cases: 121,047

Confirmed cases: 2,466



Timeline



Virology

A novel coronavirus, identified at the end 2019 as 
the cause of cluster of severe pneumonia cases in 
Wuhun, a city in the Hubei Province of China. 

Belongs to the betacoronavirus genus, including 
SARS-CoV-1 and MERS-CoV. 

The seventh coronavirus that is know cause disease 
in human. And in 6 months , the numbers of death 
globally have exceeded >400,000.  

It appears  that bats are primary source, transmitted 
directly by bats or intermediate hosts.

STRUCTURE



Virulence



Mechanism of 
Transmission

Cevik M, Kuppalli K, Kindrachuk J, Peiris M. Virology, transmission, and pathogenesis of SARS-CoV-
2 BMJ 2020; 371 :m3862 doi:10.1136/bmj.m3862
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Gupta, A., Madhavan, M.V., Sehgal, K. et al. Extrapulmonary manifestations of COVID-19.Nat 
Med 26, 1017–1032 (2020). https://doi.org/10.1038/s41591-020-0968-3



SARS-CoV-2
Pathogenesis

Pulmonary and 
Infectious Impact 



Endocrine
Impact



ACE2 /  TMPRSS2 expression

Human cell types within 
corresponding organs that 
express the genes for both 
ACE2 and CTSL (green dot) 
or both ACE2 and TMPRSS2 
(orange dot).
ANNA HUPALOWSKA



Endocrinology, Volume 161, Issue 9, September 2020, bqaa108, The content of this slide may be subject to copyright: please see the slide notes for details.

Eric Lazartigues, Mirza Muhammad Fahd Qadir, Franck Mauvais-Jarvis, Endocrine Significance of SARS-CoV-2’s Reliance on 
ACE2, Endocrinology, Volume 161, Issue 9, September 2020, bqaa108,

Gene expression for 
ACE2 and TMPRSS2 
across select human 

tissues are widely 
distributed in human 
body, with a relevant 

expression in 
endocrine tissues 
including testicle, 

thyroid, adrenal and 
pituitary

Endocrine
Expression



COVID-19 and Endocrinopathy

Marazuela, M., Giustina, A. & Puig-Domingo, M. 
Endocrine and metabolic aspects of the COVID-19 
pandemic. Rev Endocr Metab Disord 21, 495–507 (2020). 



Diabetes and 
Covid 19

Inpatient hyperglycemia 
during the COVID-19 
pandemic has been 

associated with worse 
outcomes, but 

improvement of glycemic 
control can reduce 

complications



Diabetes and 
Covid19

 Diabetes is a primary risk factor 
for the development of severe 

pneumonia and a septic course due 
to virus infections and occurs in 

around 20% of patients 



Hyperglycemia

Higher mortality

Increase severity and 
frequency of ARDS

Higher inflammatory 
markers

Higher complications 
AKI, Septic Shock, DIC. 



Pancreas Effects

COVID-19 pandemic, coronaviruses, and diabetes mellitus
Ranganath Muniyappa and Sriram Gubbi
American Journal of Physiology-Endocrinology and Metabolism 2020 318:5, E736-E741

SARS directly affects beta cells  
causing  hyperglycemia or new 
onset diabetes

Increase ACE 2 glycosylation 
and facilitating viral entry. 

Delay in the initiation of 
adaptive immunity and 
dysregulation of the cytokine 
response in DM

https://journals.physiology.org/doi/abs/10.1152/ajpendo.00124.2020


Mechanism

COVID-19 pandemic, coronaviruses, and diabetes mellitus
Ranganath Muniyappa and Sriram Gubbi
American Journal of Physiology-Endocrinology and Metabolism 2020 318:5, E736-E741

Sustained 
hyperglycemia, the 
ACE2 expression is 
reduced and its 
anti-inflammatory 
effect restrained, 
contributing to the 
severity of the 
infection.

https://journals.physiology.org/doi/abs/10.1152/ajpendo.00124.2020


New Onset 
Diabetes

Viral Infections are 
known to cause Type 1 
Diabetes. 

However, a 
bidirectional 
relationship between 
COVID-19 and 
hyperglycemia may be 
postulated. 

Trigger inflammatory 
and stress responses 
and  inducing insulin 
resistance.



Normoglycemia

L. Zhu, Z.G. She, X. Cheng, J.J. Qin, X.J. Zhang, J. Cai, F. Lei, H. . Yuan, X. Huang, J. Guo, B.H. Zhang, H. Li, Association
of blood glucose control and outcomes in patients with COVID-19 and pre-existing type 2 diabetes. Cell Metab. 31(6), 
1068–1077.e3 (2020).

Well controlled  required less usage 
of antibiotherapy,  steroids, 

vasopressors, intubation and lower 
death rate



Management
of diabetes in 
patients with 

COVID -19



Inpatient 
Management

during COVID9
Pandemic



Inpatient
Hyperglycemia
Management



Use Noninsulin Therapies

Mary Korytkowski, Kellie Antinori-Lent, Andjela Drincic, Irl B Hirsch, Marie E McDonnell, Robert Rushakoff, Ranganath Muniyappa, A Pragmatic 
Approach to Inpatient Diabetes Management during the COVID-19 Pandemic, The Journal of Clinical Endocrinology & Metabolism, Volume 105, 
Issue 9, September 2020, Pages 3076–3087,



The trial did not achieve statistical significance for the primary endpoint of prevention measuring 
organ dysfunction and all-cause mortality, and the primary endpoint of recovery measuring a 

change in clinical status (from early recovery to death), at 30 days.



TRANSIENT 
HYPOPHYSITIS

•Central hypocortisolism

•Central Hypothyroidism

DIRECT HYPOTHALAMIC 
EFFECT

•Focal damage with reduction of 
TSH, ACTH and GH positive cells.

•Detention of SARS RNA  in 
hypothalamus and pituitary , CSF

•Increase of PRL, LH,FSH positive 
cells

MOLECULAR MIMICRY 
OF SARS TO ACTH

HYPERPROLACTENEMIA

•Stress/Infection

•Increase of PRL, LH,FSH positive 
cells

Pituitary

Forty percent of patients had 
evidence of central 
hypocortisolism, the majority 
of which (62.5%) resolved 
within a year .

Thus, monitoring of HPA and 
thyroid function will likely be 
justified in the first year 
following recovery from 
COVID-19.

Pituitary

Effects



Clinical Features 

Drug Interaction

Noel Pratheepan Somasundaram, Ishara Ranathunga, Vithiya Ratnasamy,, The Impact 
of SARS-Cov-2 Virus Infection on the Endocrine System, Journal of the Endocrine 
Society, Volume 4, Issue 8, August 202



Christ-Crain, M., Hoorn, E. J., Sherlock, M., Thompson, C. J., & Wass, J. A. H. (2020). ENDOCRINOLOGY IN THE TIME OF COVID-19: 
Management of diabetes insipidus and hyponatraemia, European Journal of Endocrinology, 183(1), G9-G15. Retrieved May 5, 2021,.

Dysnatremias

Electrolytes and water 
disturbances may develop 

in COVID-19  patients in 
ICU, due to insensible water 

losses from pyrexia, GI 
losses, increased 

respiration rate and use of 
diuretics. 



Management
PREEXTING PITUITARY CONDITION

Noel Pratheepan Somasundaram, Ishara Ranathunga, Vithiya Ratnasamy, Piyumi Sachindra Alwis Wijewickrama, 
Harsha The Impact of SARS-Cov-2 Virus Infection on the Endocrine System, Journal of the Endocrine Society, Volume 
4, Issue 8, August 2020.



Adrenal 
Effects

SARS RNA has been identified 
in hypothalamic autopsies of 
patients with COVID-19

Degeneration and necrosis of 
the adrenal cortical cells

Vasculitis of small veins of 
adrenal medulla 

Adrenal infiltrates with 
monocytes and lymphocytes

ACE2

ACE2

Primary 
Adrenal 

insufficiency



SARS-CoV-2-
related 
Adrenal 

Insufficiency

The cytokine storm caused by this coronavirus provides 
negative feedback toward the hypothalamic-pituitary-
adrenal axis 

Relative AI is a common condition in critically ill patients

patients with severe COVID-19 may be more prone to 
develop critical illness-related corticosteroid 
insufficiency (CIRCI) . 

SARS viruses produce certain amino acid sequences 
mimicking the host ACTH, thus the production of the 
corresponding antibodies may contribute toward the 
development of central AI



Expert Opinion



Management
“Sick Day 

Rule”



Cushing’s 
Syndrome

Poor prognosis with Increase mortality, AMI, venous thromboembolism, 
stroke, and infections.

The effect of SARS-CoV2  in ACE2 receptors leads degradation of ACE2 
thereby up-regulating RAAS, resulting in worsening hypokalemia. 

Diabetes and hypertension characteristically seen in CS have been 
identified as well- known poor prognostic factors in COVID-19 independent 
of age, and this may contribute to mortality among CS patients . 

Medical Therapies – Active disease, IV etomidate for severe illness and no 
TSS due high risk for aerosol formation. 



Pheochromocytoma
and  Paraganglioma

Catecholamines cause dysregulation of 
physiological cascades. 

If infected with SARS- CoV-2, plasma and urinary 
metanephrines can be elevated from the 
associated stress response and measurement 
during illness will give false-positive results . 

Treatment with initial alpha blockers followed by 
beta blokers

Sriram Gubbi, Matthew A Nazari, David Taieb, Joanna Klubo-Gwiezdzinska, Karel Pacak,
Catecholamine physiology and its implications in patients with COVID-19,The Lancet Diabetes & 
Endocrinology,Volume 8, Issue 12,2020,Pages 978-986,SSN 2213-8587.



Thyroid
Effect

Patients with baseline thyroid diseases are not at higher risk of 
contracting or transmitting SARS-CoV-2, and baseline thyroid 
dysfunction does not foster a worse progression of COVID-19

Thyroid hormones modulate innate and adaptive immune responses.

Physiological concentrations of L- thyroxine (T4) and (T3) stimulate the 
production and release of cytokines, which are also components of 
“cytokine storm” potentially characterizing systemic viral infections .

Decrease activity D1  (cortisol, cytokines, endogenous FFA and drugs) 
and increase clearance T3 by increase activity D3. 

Scappaticcio, L., Pitoia, F., Esposito, K. et al. Impact of COVID-19 on the thyroid gland: an 
update. Rev Endocr Metab Disord (2020). https://doi.org/10.1007/s11154-020-09615-z



Thyroid 
Histology

SARS Derangement of the follicular 
architecture
High levels of apoptosis
Interfollicular fibrosis
Absence of calcitonin positive cells

SARS COv2 Interstitial Lymphocytic infiltration

Piticchio, T., Le Moli, R., Tumino, D. et al. Relationship between betacoronaviruses and the endocrine 
system: a new key to understand the COVID-19 pandemic—A comprehensive review. J Endocrinol 
Invest (2021). https://doi.org/10.1007/s40618-020-01486-0



Direct Effects

Lisco, G., De Tullio, A., Jirillo, E. et al. Thyroid and COVID-19: a review on pathophysiological, 
clinical and organizational aspects. J Endocrinol Invest (2021). 



Thyroid 
Diseases and

Severity of 
cOVID19

Giovanella, L., Ruggeri, R.M., Petranović Ovčariček, P. et al. SARS-CoV-2-related thyroid 
disorders: a synopsis for nuclear medicine thyroidologists. Eur J Nucl Med Mol Imaging (2021)

Mild

Severe



Subacute
Thyroiditis

Scappaticcio, L., Pitoia, F., Esposito, K. et al. Impact of COVID-19 on the thyroid gland: an update. Rev Endocr Metab
Disord (2020)



Parathyroid 
and Bone

Effects No data exist on ACE2 expression, viral 
invasion or inflammation of the gland.

No evidence of PHPT or Hypoparathyroidism  
are risk factors for COVID19.  

Hypocalcemia associated to severity and 
worse prognosis. 



Hypocalcemia

 Calcium dependent viral mechanisms of action

 High prevalence of hypovitaminosis D in general population,

 Chronic and acute malnutrition during critical illness 

 High levels of unbound and unsaturated fatty acids (UFA) in 
inflammatory responses.

Lower calcium levels were found strongly correlated with a 
more pronounced inflammatory response in COVID-19 

patients



Vitamin D
Effects

Experimental studies have shown 
that vitamin D exerts several 
actions that are thought to be 
protective against (COVID-19) 
infectivity and severity

Vitamin D is considered an 
immunomodulatory agent that 
regulates both innate and 
adaptive immune systems

Supplementation is beneficial in 
protecting against risk of 
respiratory viral infection and 
may improve outcomes in sepsis 
and critically ill patients . 



Vitamin D
Deficiency

Deficiency of vitamin D is a common problem 
in ARDS and  inflammation of alveolar 
epithelial cells. 

The effect were more pronounced when 
vitamin D were less than 25 ng/mL.

Chronic illness, smoking, increase age and 
dark skinned ethnicities. 



Geographic 
Locations

Northern latitude 
locations with higher 
rates of vitamin D 
Deficiency , be it 
Europe and USA, 
have had higher rates 
of related mortality. 



Vitamin D 
Levels 
Impact

Gennari L, et al. Vitamin D deficiency is independently associated with COVID-19 severity and mortality. Presented at: 
American Society for Bone and Mineral Research Annual Meeting; Sept. 11-15, 2020



Mechanism of
Vitamin D in 

prevention of 
Covid 19

Inhibit T-helper cells 1 (Th1)

Induced T-helper 2 (Th2)

Inhibits viral binding to the 
receptor ACE2

Interact with DPP4/D26 expression  
(block virulence)

Downregulated RAAS system by suppressing 
renin, ACE, ANGII expression

Induced ACE2 levels

Inhibit ACE2 expression in the renal 
tubular cells

May mitigate vascular leakage secondary to 
systemic inflammatory response and prevent 
COVID-associated arterial and venous 
thrombosis. 



Vitamin D 
Supplementation

Vitamin D threshold >50 is thought to be adequate  for the 
prevention of acute respiratory tract infections. 

The degree of protection appears to be optimal in the range of 40-
60. 

A daily dose 2000 to 5000 IU was required to achieve this level 
during winter 

Daily doses of vitamin D up to 10 000 IU/day are generally safe and 
not associated with any adverse effects 

Endocrine Society recommends supplementation with 1000-4000IU 
of vitamin and maintain  Vitamin 25 oh levels >30 ng/ml or higher. 

Grant WB, Lahore H, McDonnell SL, Baggerly CA, French CB, Aliano JL, Bhattoa HP. Evidence that Vitamin D Supplementation Could 
Reduce Risk of Influenza and COVID-19 Infections and Deaths. Nutrients. 2020; 12(4):988. https://doi.org/10.3390/nu12040988



Sex 
Hormones

Effects

Men and women have a 
similar susceptibility to 

SARS-CoV-2, men 
appear to be prone to a 

more severe disease and 
mortality. 

Meta-analysis of over 
3.1 million global cases 
reported odds ratios of 

2.8 and 1.4 for ICU 
admission and death in 

men compared to 
women

H. Peckham, N.M. de Gruijter, C. Raine, A. Radziszewska, C. Ciurtin, L.R. Wedderburn, E.C. Rosser, K. Webb, C.T. Deakin, Male sex 
identified by global COVID-19 meta-analysis as a risk factor for death and ITU admission. Nat. Commun. 11(1), 6317 (2020)



Androgen 
Receptor 
Activity

The gene for ACE-2 receptors is on 
the X chromosome, which raises 
the possibility of different gender-
specific activity due to X 
chromosome inactivation and 
parental imprinting

There several evidences indicate 
that TMPRSS2 expression in 
human tissues is regulated by 
androgen receptor activity.

The protein expression of ACE2 
/TMPRSS2 in the testis is almost 
the highest in the human body.  



Direct Male 
Gonads Effects

Germ cell Destruction

Reduced spermatozoan 
in seminiferous tube

Thikening basement 
membrane

Leukoytes infiltration



Sex Hormones
Effects 

Androgens and 
estrogens may influence 
immune response 
against viral infection in 
an opposite way and 
adverse reaction rates

Sexual Dimorphism of Coronavirus 19 Morbidity and Lethality
Trends in Endocrinology & Metabolism, December 2020, Vol. 31, No. 12 https://doi.org/10.1016/j.tem.2020.09.003 
© 2020 Published by Elsevier Ltd. 



Male 
Hypogonadism

And  
Subfertility

Development of 
acute stage 
hypogonadism which 
has been linked with 
increased levels of 
pro-inflammatory 
cytokines, 

Elevated serum LH in 
men with COVID-19 
hints toward primary 
Leydig cell damage. 



Female Gonads 
Effects

Female mount a 
stronger innate 
and adaptive 
immune response 
than males.ACE-2 expression 



Estrogen 
Therapy

Estrogen and 17-β-estradiol can act on cellular 
subsets of the immune system resulting in 
modulation of lymphocyte activity. 

Several clinical trials for the use of estrogen 
and androgen deprivation therapies in reducing 
the severity of COVID-19 are ongoing.



Piticchio, T., Le Moli, R., Tumino, D. et al. Relationship between betacoronaviruses and the endocrine 
system: a new key to understand the COVID-19 pandemic—A comprehensive review. J Endocrinol 
Invest (2021).



A well-defined endocrine phenotype can be of help in preserving the health 
status and prevent adverse COVID-19 outcomes in both the general 

population and in people affected by different endocrine diseases

Emerging 

ENDOCRINE 
PHENOTYPE 

OF COVID-19
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