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Abstract 30 

The outbreak of coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome 31 

coronavirus 2 (SARS‑ CoV‑ 2), is centralizing the interest of the scientific world. In the next months, long-32 

term consequences on the endocrine system may arise following COVID-19. In this article, we hypothesized 33 

the effects of SARS‑ CoV‑ 2 taking into account what learned from the severe acute respiratory syndrome 34 

coronavirus (SARS-CoV) that caused SARS in 2003. 35 

 36 

 37 

Introduction 38 

The outbreak of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome 39 

coronavirus 2 (SARS‑ CoV‑ 2) is centralizing the interest of the scientific world with the aim of 40 

understanding its pathogenesis, complications, treatment, and possible long-term consequences. 41 

COVID-19 was first identified in Wuhan [1], the capital city of Hubei province in the People’s 42 

Republic of China, but then it was declared a Public Health Emergency of International Concern by the 43 

World Health Organization (WHO) on January 30th, 2020 and on March 11th, 2020, COVID-19 was 44 

declared a pandemic. According to WHO data (April 25th, 2020), 2,864,370 cases of COVID-19 were 45 

registered in the world with 199,505 deaths and 816,450 recovered 46 

(https://www.worldometers.info/coronavirus/). 47 

Many questions are still not answered about SARS‑ CoV‑ 2. Various hypotheses have been 48 

formulated on its pathogenetic mechanisms and treatment, but very little is known from the endocrinological 49 

point of view. In the next months, long-term consequences on the endocrine system may arise in patients 50 

who recovered from COVID-19. At moment, we can only hypothesize the effects of SARS‑ CoV‑ 2 taking 51 

into account the knowledge gained on the effects of severe acute respiratory syndrome coronavirus (SARS-52 

CoV), responsible for the 2003 epidemic known as SARS in the Guangdong province of China [2], with 53 

8,000 infected patients and 774 deaths [3]. Indeed, SARS-CoV has a genome similar to that of SARS-CoV-2 54 

and shares physiopathological aspects and clinical manifestations [4]. 55 

 56 

Metabolic aspects 57 
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As for SARS, diabetes mellitus is a high-risk condition for the development of COVID-19 58 

complications and adverse outcomes. Hyperglycemia lowers the immune response thus increasing the risk of 59 

mortality (7.3%) and it is associated with organ damage and systemic complications [5-7]. In the case of 60 

SARS-CoV, it was suggested that the virus could directly damage pancreatic cells, that highly express 61 

angiotensin-converting enzyme 2 (ACE2), used as a receptor by the viral spike protein causing acute 62 

hyperglycemia [8]. Moreover, SARS-CoV was found in pancreatic tissue by using immunohistochemistry 63 

(IHC) and in-situ hybridization (ISH) [9].  64 

ACE2 is also involved in SARS-CoV-2 infection since the viral spike protein binds the enzyme and 65 

downregulates its expression [10]. According to this observation, we can hypothesize that patients positive to 66 

COVID-19 could be subject to virus-mediated pancreatic damage, resulting in the development of diabetes. 67 

If this condition occurs, a long-term observation will be needed to understand if diabetes will be permanent 68 

or SARS-CoV-2 caused a transitory period of hyperglycemia that will resolve with the recovery from the 69 

infection. 70 

No study on SARS reported the association between obesity and predisposition to infection or 71 

obesity and a higher prevalence of mortality. Many authors generically showed an increase in mortality in 72 

patients with comorbidities, but the latter was not defined in detail, so, we can assume that obesity was 73 

among them.  Some reports have related obesity with worse COVID-19 outcomes and death. Patients with 74 

body mass index (BMI) >35 kg/m2 have a seven-fold higher risk to receive invasive mechanical ventilation 75 

than patients with BMI <25 kg/m2 [11]. Moreover, a study conducted in New York, showed that about 21% 76 

of people positive for SARS-CoV-2 were obese, and in patients aged <60 years the risk of hospital admission 77 

was significantly higher in case of obesity [12]. Obesity and its associated inflammatory state, can impair the 78 

immune system and it seems to alter the immune response in other models of viral infection, such as 79 

influenza [13-14]. Thus, obesity associated with possible viral direct damage to the pancreatic ß-cells could 80 

lead to the development of type 2 diabetes in COVID-19 patients. 81 

 82 

Hypothalamic-pituitary-adrenal axis 83 

 Hypothalamic-pituitary-adrenal (HPA) axis plays a fundamental role in the response to stress. Some 84 

studies on SARS suggested that SARS-CoV could impair this hormonal axis by different mechanisms. This 85 
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virus was found in adrenal and pituitary glands of four patients who died for SARS, so these organs could be 86 

the target of infection [9]. 87 

  In 2004, Wheatland showed that among the strategy used by SARS-CoV to avoid the host’s immune 88 

response, there was the expression of an amino acid sequence that mimicked human adrenocorticotropic 89 

hormone (ACTH). This strategy induced the production of auto-antibodies against ACTH, so preventing its 90 

action and the suitable adrenal response to stress [15]. Consequently, patients experimented with a condition 91 

of relative adrenal insufficiency, characterized by asthenia, myalgia, nausea, anorexia, diarrhea, and 92 

headache; these symptoms are common to other viral infections, including influenza virus which shares with 93 

SARS-CoV this strategy of the host evasion [15]. Moreover, the interference with ACTH function favors the 94 

increase of inflammatory cytokines. Thus, glucocorticoid treatment is a valid therapeutic strategy. According 95 

to this observation, the author suggested that an early glucocorticoid administration at low-moderate doses 96 

could be preventive, but to avoid the high dosages needed when the treatment was delayed and serious 97 

clinical manifestation of SARS developed [15].  98 

 Leow and colleagues explored the function of the HPA axis in 61 SARS survivors [16]. To 99 

accomplish that, the authors evaluated serum electrolytes, cortisol, ACTH levels, and 24-hours urinary free 100 

cortisol. Then, patients with serum cortisol lower than 275 nmol/l underwent to low dose (1 μg), ACTH test-101 

stimulation. Adrenal insufficiency was defined for morning cortisol levels below 138 nmol/l and/or for 102 

values <550 nmol/l 30 min after ACTH administration. The authors found that 39.3% of the patients had 103 

hypocortisolism and among them 83.3% had central adrenal insufficiency [16]. They concluded that adrenal 104 

insufficiency could be a late consequence of SARS and it seemed to be secondary to hypophysitis or to direct 105 

hypothalamic damage [16]. 106 

To date, insufficient data are available on a possible effect of SARS-CoV-2 on the HPA axis 107 

function. The concern of scientists is that adrenal insufficiency develops in COVID-19 patients due to a 108 

suppression of the axis after glucocorticoid suspension or to exposition to endocrine disruptors that could 109 

impair adrenal glands function [17]. Thus, according to the last observations and the knowledge about 110 

SARS, adrenal glands function should be assessed in the short-term, to exclude a suppression of the HPA 111 

axis in case of glucocorticoid treatment. Moreover, a long-term follow-up will also be necessary to exclude a 112 

gradual and late-onset adrenal insufficiency. 113 

 114 
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Hypothalamic-pituitary-thyroid axis 115 

 Little is known about the effects of SARS-CoV on the thyroid. Ding and colleagues did not find 116 

SARS-CoV expression in thyroid tissue [9], but other authors found central hypothyroidism in SARS 117 

survivors, secondary to hypothalamic-pituitary dysfunction [16].  118 

Wei and colleagues reported an impaired thyroid function in patients with SARS, with a decrease in 119 

both thyroid hormone and calcitonin levels. Moreover, the thyroid tissue showed an injury of the follicular 120 

epithelium and an increase in cell apoptosis, thus suggesting direct tissue damage [18]. A few years later the 121 

same group reported decreased serum TSH levels in SARS patients compared to healthy controls. According 122 

to this observation, they studied endocrine cells of the pituitary of five patients deceased for SARS, showing 123 

a lower number of positive cells and a decreased THS immunoreactive staining [19]. 124 

Currently there are no data on possible direct or indirect effects of SARS-CoV-2 on thyroid function, 125 

but we think that COVID-19 patients should be monitored for possible changes in thyroid function. 126 

Considering that SARS-CoV-2 seems to be able to induce organ damage by autoimmunity [20], we do not 127 

exclude also an immune mechanism of thyroid damage. 128 

 129 

Hypothalamic-pituitary-gonadal axis 130 

 No data are reported about SARS and ovarian function. The only evidence available showed an 131 

increase in serum levels of prolactin (PRL), follicle-stimulating hormone (FSH), and luteinizing hormone 132 

(LH) and a reduction of 17ß-estradiol (E2) and progesterone levels in SARS patients compared to healthy 133 

controls [19]. Moreover, SARS-CoV was not detected in ovarian tissue [9].  134 

Considering that both SARS and COVID-19 are characterized by the possible onset of autoimmunity [20], 135 

we believe that the ovarian function of COVID-19 patients should also be monitored. 136 

 As for the male reproductive axis, it should be noted that ACE2 is highly expressed by the human 137 

testis, which could be infected by SARS-CoV and, probably, by SARS-CoV-2 [10].  138 

Ding and colleagues did not found SARS-CoV expression in testicular tissue [9]. However, Xu and 139 

colleagues found tissue damage indicative of orchitis in autopsy testicular tissue obtained from six patients 140 

died for SARS. The authors hypothesized that orchitis was a consequence of SARS, suggesting that SARS-141 

CoV could induce testicular damage through an altered immune response [21].  142 
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 We cannot exclude that testis could be a target of SARS-CoV-2 infection, so testicular ultrasound 143 

evaluation, hormone assessment, and sperm analysis should be performed in COVID-19 patients in the short 144 

and long-term. 145 

 146 

Conclusions 147 

 COVID-19 outbreak is a worldwide issue. There is still much to know on SARS-CoV-2, the 148 

etiological agent of this disease. The SARS epidemic in 2003, caused by the SARS-CoV, allows us to 149 

formulate some hypotheses on the pathogenic mechanisms, but the differences between the two viruses and 150 

the enormously higher number of patients affected by COVID19, open unpredictable scenarios. Monitoring 151 

the hormone-metabolic function should be implemented by endocrinologists to promptly identify and treat 152 

possible long-term pathological conditions 153 
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