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Abstract 

The COVID-19 pandemic is a worldwide pandemic challenge that started in China and 

spread to almost all countries. The causative virus was identified as highly contagious and, 

until now, significantly difficult to contain. Global epidemiological distribution has raised 

several questions whose answers could help us understand the behavior of the virus and 

consequently lead us to possible means of limiting its spread. Growth hormone (GH) 

secretion declines by approximately 15% for every decade of adult life in people after 30 

years of age. Data from highly affected rural areas suggest a more aggressive course in the 

elderly, a double-time affection of males more than females. The deficiency of GH is a 

common sign in all susceptible patient groups. The role of GH in the exclusive 

epidemiological outline of the COVID-19 pandemic is vital so that it might help in the early 

identification and management of high-risk rural groups as appropriate. 

Keywords: Coronavirus, COVID-19, Diabetes Mellitus, Growth Hormone, Hypertension, 
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Introduction 

COVID-19 originated in China as a result 

of a novel Corona RNA virus in December 

2019 (Dong et al. 2020). The disease is a 

severe acute respiratory syndrome (SARS) 

caused by a betacoronavirus called SARS-

CoV-2, which affects the lower respiratory 

tract and manifests as pneumonia in 

humans (Peng et al., 2020; WHO, 2020c). 

Despite rigorous global efforts to elaborate 

preventive measures, the infection caused 

by COVID-19 continued to increase in 

many countries around the world (WHO, 

2020a; WHO, 2020b). In the early months 

of 2020, there was a rapid global 
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expansion of the coronavirus disease 

COVID-19. On March 11, 2020, the 

World Health Organization (WHO) 

declared a worldwide pandemic (Funatsu 

et al. 2006). To reduce transmission 

through respiratory droplets, most 

countries imposed social distancing and 

lockdowns. Millions of Indians residing in 

rural areas bear an increasing burden from 

the COVID-19 pandemic, caused by viral 

transmission and death rates outpacing 

those of rural and urban communities. 

Kumar et al. (2020) argues for the need to 

take immediate steps to control the spread 

and its aftereffects and to use this 

opportunity to strengthen and improve the 

primary health care system in rural India. 

Growth hormone is a small protein 

molecule that contains 191 amino acids in 

a single chain and has a molecular weight 

of 22,000 (Khudaiberdiev, 2022). Also 

called somatotropic hormone or 

somatotropin, it causes the growth of all 

the tissues of the body that are capable of 

growing. It indorsed increased sizes of the 

cells and increased mitosis, with the 

development of greater numbers of cells 

and specific differences of cells, for 

example, bone growth cells. Genetics and 

nutrition are the two most important 

factors; however, growth promoters can 

enhance the competence of the human 

body. 

Growth hormones provide numerous 

functions for healthy body performance, 

including enhancing production and 

productivity. They energize skeletal 

growth, and protein anabolism in many 

tissues increased protein synthesis and 

decreased the oxidation of proteins. Also, 

enhance the availability of fat by 

stimulating the breaking down of 

triglycerides and maintaining blood 

glucose within the normal range. For this 

reason, the development of human GH has 

had good effects on society (Paramasivam 

et al., 2022). GH is primarily responding 

to body weight, fat formation, and feed 

conversion (Mo et al., 2022). 

The socioeconomic impact of the COVID-

19 pandemic increased the thirst for a 

solution that allows the safe facilitation of 

restrictive health measures. Largely, most 

of the crucial efforts exerted by research 

are directed toward creating a proper 

vaccination or efficient medical treatment 

for the virus. However, preventive 

measures based on understanding the 

epidemiology of the disease can also be 

important in attenuating its spread 

(Rajkovic et al., 1994). 

This article reviews the role of growth 

hormones during COVID-19 disease. 

Elkarow and Hamdy (2020) reported that 

the results were dependent on the updated 

epidemiological observations of the 

COVID-19 pandemic and the identified 

levels of growth hormone (GH) in 

different risk factors of the patients, as 

well as the outcome of GH on the immune 

system. 

Why elderly people are at a higher risk? 

The World Health Organization (WHO) 

reported that the disease affected elderly 

people much more than young people and 

children. The observed pattern was not 

common in most infectious diseases, 

which normally affected those age groups 

who were supposed to be still in the stage 

of building up their immunity. For many 

communicable diseases, young adults and 

children are at higher risk, for instance, in 

the pandemic in recent history. During the 

Spanish flu pandemic in 1918, children 

and young adults were at the highest risk 

(Reid, 2005). In contrast, the Chinese 

Center for Disease Control and Prevention 

reports that children under 19 years of age 
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constitute 2% of the total number (72,314) 

of COVID-19 patients recorded by 

February 20, 2020. A small percentage of 

patients aged under 19 years have suffered 

severe (2.5%) (WHO, 2020). Instead of 

this, the severity and case fatality of 

COVID-19 progressively increased with 

the advancement in age. The increase in 

severity with age has been reflected in the 

case reports in the groups of 50–60 years 

mean age (Verity et al., 2020). There is 

probably a lacking factor in the older 

patient, which makes them more 

vulnerable to the disease severity. Growth 

hormone (GH) levels decline in the serum 

as humans age. After the 3rd decade of life, 

there is a progressive decline of GH 

secretion by approximately 15% for every 

decade of adult life. Combined 

measurements of daily GH secretion 

demonstrate that secretion peaks at puberty 

at about 150 μg/kg/day and then decreases 

to approx. 25 μg/kg/day by age 55 

(Merriam and Hersch, 2008). The pediatric 

age group usually exhibits atypical clinical 

manifestations of COVID-19, which are 

mainly mild compared with those of adult 

patients (Gotzinger et al. 2020; Mehta et 

al. 2020), and the occurrence of pediatric 

severe and life-threatening forms is very 

deficient (Leger et al. 1996). Children with 

comorbidities, including chronic kidney 

and lung disease, diabetes, obesity, 

malignancy, immune disorders, heart 

disease, and congenital malformations, are 

more likely to suffer from the severe form 

of COVID-19 (Gotzinger et al., 2020). 

Fascinatingly, infants (less than 12 

months) exhibited a more severe form of 

the disease than other pediatric age groups. 

GH levels were recorded high in the mid-

term fetus and at birth and then started to 

decline in the first weeks and more slowly 

over the next few months, reaching 

prepubertal levels by around the age of 6 

months (Leger et al. 1996). Current 

records suggest that children could get 

infected but were less symptomatic with 

low-case fatalities. The real incidence of 

infection in children may be disclosed 

through large screening studies involving 

serological tests. Regulation of the 

GH/IGF-I axis depends on the integrity of 

the hypothalamus, pituitary, and liver. 

During aging, the leading factor that 

contributes to the decline of GH/IGF-I 

includes changes in the somatotrophs from 

growth hormone-releasing hormone 

(GHRH) and somatostatin (SS). Other 

vital factors, such as body composition, 

exercise, diet, and sleep, played a 

significant role in the age-related 

weakening of the GH level. Phenotypic 

comparisons between aging and adult 

growth hormone deficiency syndrome 

combined with this decrease in GH/IGF-I 

with aging have raised the question of 

whether aging is a GH-deficient state 

(Sherlock and Toogood, 2007). It was 

worth observing that the reported curve of 

COVID-19 morbidity and mortality 

equaled well the pattern of decline of GH 

levels throughout the life of human 

subjects. 

Potential risk factors for the severity of 

covid-19 illness 

COVID- 19 disease severity and mortality 

were reported to increase with a few risk 

factors, such as morbid obesity, 

hypertension, diabetes, respiratory 

disorders, excessive alcohol intake, and 

chronic liver and kidney disease (Gupta et 

al. 2020). 

Morbid Obesity 

Morbid obesity occurs when the body 

mass index (BMI) exceeds 35. It 

constitutes a risk factor for SARS-CoV-2 

severity, which requires intensive attention 

to preventive measures in susceptible 

individuals (Simonnet et al. 2020). In 
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morbid obesity, there is markedly 

decreased GH secretion. Furthermore, for 

both adults and children, the greater the 

BMI, the lower the GH response to 

provocative stimuli (Alvarez et al. 2002). 

In obesity, both the spontaneous and 

stimulated pulsatile patterns of GH 

secretion controlled by the hypothalamus 

are blunted. The accumulation of truncal 

obesity and particularly visceral adipose 

tissue mass were found to be a stronger 

negative determinant of GH secretion 

compared to other factors, such as age, 

sex, or generalized obesity (Vahl et 

al., 1996; Clasey et al., 2001). The 

deficiency of GH effectively heightened 

insulin resistance and visceral obesity by 

increasing cortisol production in key target 

tissues, including the liver and adipose 

tissue (Stewart et al. 2001). 

The corticosteroid hormone action has 

been determined in the peripheral tissues 

through the activity of 11-beta-

hydroxysteroid dehydrogenases (11-beta-

HSD). Two isozymes of 11 beta-HSD 

interconvert hormonally active cortisol (F) 

and inactive cortisone (E). 11beta-HSD 

type 1 principally activated F from E in the 

liver and adipose tissues, while 11beta-

HSD type 2 inactivated F from E in the 

kidney and placental tissues. GH acting via 

IGF-1 inhibits 11beta-HSD1, resulting in a 

shift in cortisol metabolism favoring 

cortisone production (Gelding et al. 1998). 

Patients with truncal obesity but without 

evidence of hypopituitarism had a relative 

GH deficiency, which excited the low-dose 

of GH treatment in this group by 

obstructing cortisol generation within 

omentum fat, which could offer an 

effective therapeutic approach (Stewart et 

al. 2001).  

Diabetes Mellitus 

Diabetes mellitus (DM) is associated with 

enhanced severity and mortality of 

COVID-19 (Huang et al. 2020). Although 

GH excess, such as in patients with 

acromegaly, predisposes to diabetes, 

studies report that there is a significantly 

increased prevalence of DM in adult GHD 

patients compared with the general 

population (Abs et al. 2013), particularly 

in those with additional risk factors, such 

as a family history of diabetes mellitus. 

The association between GHD and 

diabetes can be largely described by 

adverse body compositions in patients with 

GHD. Increased abdominal obesity seen in 

GHD patients is likely a contributor to the 

decreased insulin sensitivity observed in 

some patients (Allen et al., 2016; Feldt-

Rasmussen et al., 2000). GH is an 

important regulator of glucose levels, and 

adult patients with GHD are reported to 

have impaired glucose metabolism, insulin 

resistance, and fasting hyperglycemia 

(Giovannini et al., 2015; Kim and Park, 

2017). 

Hypertension 

Hypertension is another risk factor for 

COVID-19 disease. Patients with raised 

blood pressure were found to have a 2-fold 

increased risk of death from COVID-19 

compared to normotensive patients (Chao 

et al. 2020). Adult GHD, cardiovascular 

and cerebrovascular morbidity, and 

mortality are higher, and this increased 

risk can be largely attributed to 

hypertension (Daniel and Merriam, 

2012).  The beneficial effect of GH on 

cardiovascular risk factors in a patient with 

hypopituitarism may be an indirect effect 

via an alteration in cortisol metabolism 

(Stewart et al. 2001). Studies have 

described a close relationship between the 

GH/IGF-1 axis and the renin-angiotensin-

aldosterone axis (RAS). GH stimulates 

RAS, as demonstrated by increasing levels 
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of angiotensinogen, aldosterone, and 

plasma renin activity in humans (Ho and 

Weissberger, 1990). Angiotensin-

Converting Enzyme 2 (ACE2), a cell 

membrane receptor in different target 

tissues, including the lung, catalyzed 

angiotensin II conversion to angiotensin-

(1–7). The ACE2/angiotensin-(1–7)/MAS 

axis counteracts the negative effects of the 

RAS, thus playing an important role in 

maintaining the physiological and 

pathophysiological balance of the body 

(Santos et al. 2018). However, up-

regulation of the ACE2/Angiotensin-(1-

7)/Mas receptor axis had been recorded in 

the heart and kidney of growth hormone 

receptor knock-out mice. On the other 

side, down-regulation of the 

ACE2/angiotensin-(1-7)/MAS receptor 

axis had been recorded in the heart and 

kidney of transgenic mice overexpressing 

growth hormone (Muñoz et al., 2014). 

SARS-CoV-2 entered host cells via the 

ACE2 receptor, which was expressed in 

various human organs, and the spike 

glycoprotein of SARS-CoV-2, which 

bonded to ACE2, represented a potential 

target for developing specific drugs and 

vaccines. Besides the direct viral effects 

and inflammatory reactions associated 

with COVID-19 pathogenesis, ACE2 

down-regulation that follows COVID-19 

infection and the consequent imbalance 

between the RAS and ACE2/angiotensin-

(1–7)/MAS may also contribute to 

multiple organ injury in COVID-19 (Ni et 

al., 2020). Whether adult GHD leads to 

overexpression of ACE-2 in vivo is not yet 

established by clinical studies. 

Respiratory Disease 

It is reported that GH levels and response 

to GHRH are decreased in patients with 

bronchial asthma. Low levels of the 

hormone are associated with corticosteroid 

and salbutamol-treated asthmatic patients 

(Lanfranco et al. 2010). The obese patients 

with obstructive sleep apnea syndrome 

(OSAS) validate a peculiar reduction of 

both spontaneous and stimulated GH 

secretion coupled with reduced IGF-I 

levels. Endocrine abnormalities are more 

marked than those observed in the non-

apneic obese subject and are likely to be 

due to the effect of hypoxia and sleep 

fragmentation on hormone secretory 

patterns. GH/IGF-I axis activity 

interruption causes metabolic alterations, 

which are not only common in OSAS but 

also increase the risk of cardiovascular 

issues and mortality. The serum levels of 

IGF-1 are significantly lower in patients 

with acute exacerbations of COPD 

(AECOPD) than in other COPD patients 

and then increase relatively at the time of 

recovery (Corbo et al., 2014.; Kythreotis et 

al., 2009). However, serum levels of IGF-

1 at admission and discharge of AECOPD 

patients in hospitals are lower compared to 

those of healthy subjects. Furthermore, 

emphysematous patients appear to have 

significantly lower IGF-1 levels than those 

with chronic bronchitis, both on admission 

and at discharge (Ottesen et al. 2001). 

Endocrine and neuroendocrine hormone 

systems are influenced by the immune 

system (Tong et al., 2022). GH has an 

important role in the development of the 

immune system and causes enhanced 

growth of the thymus gland. GH improves 

thymic functions, including thymocyte 

proliferation and migration, placing this 

molecule as a potential therapeutic 

adjuvant in immunodeficiency conditions 

associated with thymocyte decrease and 

loss of peripheral T cells (Savino et al. 

2002). This gland is responsible for the 

production of immune cells called T cells, 

the mediators of cell-mediated immunity. 

GH is also produced by lymphoid organs 

(Salehzadeh et al., 2022), for example, the 

thymus, spleen, and immune cells. Clinical 



 

 

Journal of Rural Advancement Vol. 11; No.2, Oct. 2023. 140 

 

studies have suggested significant 

activities of GH in immune regulation, and 

the GH receptor is expressed in different 

sub-populations of lymphocytes. GH 

stimulates the proliferation of T and B 

cells and immunoglobulin formation. 

Thus, it enhances the maturation of 

myeloid progenitor cells and becomes able 

to modulate cytokine responses. Lower 

circulating levels of IGF1 are linked with 

the incidence and mortality of adult 

respiratory distress syndrome (ARDS) in 

patients. These results support the activity 

of the IGF pathway in ARDS. Having an 

immune-regulatory effect in addition to 

their anabolic effects, GH and IGF-1 may 

act to protect the host from lethal bacterial 

infection as well. Hormones promote the 

maturation of myeloid cells, stimulate 

phagocyte migration, prime phagocytes for 

the production of superoxide anions and 

cytokines, and enhance opsonic activity. 

Conclusion 

The current pandemic highlights some 

characteristic distribution of the severity of 

the disease COVID-19 that seems to be 

matched with a comparative deficiency or 

resistance of growth hormone in some 

groups of patients. Spread the knowledge 

to the medical practitioner so that it may 

add to the effort to understand and 

consequently overcome the pandemic. 

There is a further need to study the role of 

GH in the exclusive epidemiological 

outlines of the COVID-19 pandemic so 

that it can help in the early detection and 

management of high-risk groups. The 

randomized controlled trial would help to 

clarify the possible prophylactic role of 

growth hormone supplements in those 

groups of patients to reduce immunity and 

decrease the severity and/or mortality of 

COVID-19 until an efficient vaccine is 

available on the market not only in the 

country but worldwide. 

References 

Abs R, Mattsson A F, Thunander M, 

Verhelst J, Goth M I and Wilton P, 

et al. 2013. Prevalence of diabetes 

mellitus in 6050 hypopituitary 

patients with adult-onset GH 

deficiency before GH replacement: 

a KIMS analysis. Eur J 

Endocrinol. 168: 297–305.  

Allen D B, Backeljauw P, Bidlingmaier M, 

Biller B M, Boguszewski M and 

Burman P, et al. 2016. GH safety 

workshop position paper: a critical 

appraisal of recombinant human 

GH therapy in children and adults. 

Eur J Endocrinol. 174: P1–9. 

Alvarez P, Isidro L, Leal-Cerro A, 

Casanueva F F, Dieguez C and 

Cordido F, et al. 2002. Effect of 

withdrawal of somatostatin plus 

GH-releasing hormone as a 

stimulus of GH secretion in 

obesity. Clin Endocrinol. 56(4): 

487–492.  

Chao G, Cai Y, Zhang K, Zhou L, Zhang 

Y and Zhang X, et al. 2020. 

Association of hypertension and 

antihypertensive treatment with 

COVID-19 mortality: 

Retrospective observational study. 

Eur Heart J. 41(22): 2058–2066.  

Clasey J L, Weltman A, Patrie J, Weltman 

J Y, Pezzoli S and Bouchard C, et 

al. 2001. Abdominal visceral fat 

and fasting insulin are important 

predictors of 24-hour GH release 

independent of age, gender, and 

other physiological factors. J Clin 

Endocrinol Metab. 86(8): 3845–

3852. 

Corbo G M, Di Marco Berardino A, 

Mancini A, Inchingolo R, 



 

 

Journal of Rural Advancement Vol. 11; No.2, Oct. 2023. 141 

 

Smargiassi A and Raimondo S, et 

al. 2014. Serum level of 

testosterone, dihydrotestosterone 

and IGF-1 during an acute 

exacerbation of COPD and their 

relationships with inflammatory 

and prognostic indices: a pilot 

study. Minerva Med. 105(4): 289–

294.  

Daniel H P T, Merriam G R. 2012. 

Endocrine hypertension: 

Underlying mechanisms and 

therapy. Hypertension in Growth 

Hormone Excess and Deficiency. 

July 7: 151–179.  

Dong Y, Mo X and Hu Y, et al. 2020. 

Epidemiology of COVID-19 

among children in China. 

Pediatrics 145(6): e20200702. 

Elkarow M H and Hamdy A. 2020. A 

Suggested Role of Human Growth 

Hormone in Control of the 

COVID-19 Pandemic. Front. 

Endocrinol. 11:569633. 

Feldt-Rasmussen U, Klose M, Feingold K 

R, Anawalt B, Boyce A and 

Chrousos G, et al. 2000. Adult 

growth hormone deficiency clinical 

management. In: Endotext, L J De 

Groot, G Chrousos, K Dungan, K 

R Feingold, A Grossman, J M 

Hershman, editors. South 

Dartmouth. 

Funatsu M, Sato K and Mitani H. 2006. 

Effects of growth hormone on 

craniofacial growth. Duration of 

replacement therapy. Angle Orthod 

76: 970-977.  

Gelding S V, Taylor N F, Wood P J, 

Noonan K, Weaver J U and Wood 

D F, et al. 1998. The effect of 

growth hormone replacement 

therapy on cortisol-cortisone 

interconversion in hypopituitary 

adults: evidence for growth 

hormone modulation of extrarenal 

11b-hydroxysteroid dehydrogenase 

activity. Clin Endocrinol. 48:153–

162.  

Giovannini L, Tirabassi G, Muscogiuri G, 

Di Somma C, Colao A and 

Balercia G. 2015. Impact of adult 

growth hormone deficiency on 

metabolic profile and 

cardiovascular risk. Endocr J. 62: 

1037–1048. 

Gotzinger F, Santiago-Garcia B, Noguera-

Julian A, Lanaspa M, Lancella 

L,Calo and Carducci F I, et al. 

2020. COVID-19 in children and 

adolescents in Europe: a 

multinational, multicentre cohort 

study. Lancet Child Adolesc 

Health. 4(9): 653-661.  

Gupta S, Hayek S S, Wang W, Chan L, 

Mathews K S and Melamed M L, 

et al. 2020. Factors Associated with 

Death in Critically Ill Patients with 

Coronavirus Disease 2019 in the 

US. JAMA Intern Med. e203596.  

Ho K Y and Weissberger A J. 1990. The 

antinatriuretic action of 

biosynthetic human growth 

hormone in man involves 

activation of the renin-angiotensin 

system. Metabolism 39: 133–137. 

Huang I, Lim M A, Pranata R. 2020. 

Diabetes mellitus is associated with 

increased mortality and severity of 

disease in COVID-19 pneumonia - 

A systematic review, meta-

analysis, and meta-regression. 

Diabetes Metab Syndr. 14(4): 395–

403.  



 

 

Journal of Rural Advancement Vol. 11; No.2, Oct. 2023. 142 

 

Khudaiberdiev, S T. 2022. Hormonal 

function of adenohypophisis. The 

American Journal of Medical 

Sciences and Pharmaceutical 

Research, 4(02): 33–37. 

Kim S H and Park M J. 2017. Effects of 

growth hormone on glucose 

metabolism and insulin resistance 

in human. Ann Pediatr Endocrinol 

Metab. 22: 145–152.  

Kumar A, Nayar K R and Koya S F. 2020. 

COVID-19: Challenges and its 

consequences for rural health care 

in India. Public Health in Practice 

1: 100009. 

Kythreotis P, Kokkini A, Avgeropoulou S, 

Hadjioannou A, Anastasakou E and 

Rasidakis A, et al. 2009. Plasma 

leptin and insulin-like growth 

factor I levels during acute 

exacerbations of chronic 

obstructive pulmonary disease. 

BMC Pulm Med. 9: 11.  

Lanfranco F, Motta G, Minetto M A, 

Ghigo E and Maccario M. 2010. 

Growth hormone/ insulin-like 

growth factor-I axis in obstructive 

sleep apnea syndrome: An update. 

J Endocrinol Invest. 33: 192–196.  

Leger J, Noel M, Limal J M and 

Czernichow P. 1996. Growth 

factors and intrauterine growth 

retardation. II. Serum growth 

hormone, insulin-like growth factor 

(IGF) I, and IGF-binding protein 3 

levels in children with intrauterine 

growth retardation compared with 

normal control subjects: 

prospective study from birth to two 

years of age. Study Group of 

IUGR. Pediatr Res. 40(1): 101–

107.  

Mehta N, Kalra A, Nowacki A S, 

Anjewierden S, Han Z and, Bhat P, 

et al. 2020. Association of use of 

angiotensin-converting enzyme 

inhibitors and angiotensin II 

receptor blockers with testing 

positive for coronavirus disease 

2019 (COVID-19). JAMA Cardiol. 

5(9): 1020–1026. 

Merriam G R and Hersch E C. 2008. 

Growth hormone (GH)-releasing 

hormone and GH secretagogues in 

normal aging: Fountain of Youth or 

Pool of Tantalus. Clin Interv Aging 

3(1): 121–129.  

Mo G, Hu B, Wei P, Luo Q and Zhang X. 

2022. The role of chicken 

prolactin, growth hormone and 

their receptors in the immune 

system. Front Microbiol. 13: 

900041. 

Munoz M C, Burghi V, Miquet J G, Giani 

J F, Banegas R D and Toblli J E, et 

al. 2014. Downregulation of the 

ACE2/ Ang-(1-7)/ Mas axis in 

transgenic mice overexpressing 

GH. J Endocrinol. 221(2): 215–27.  

Ni W, Yang X, Yang D, Bao J, Li R and 

Xiao Y, et al. 2020. Role of 

angiotensin converting enzyme 2 

(ACE2) in COVID-19. Crit Care 

24: 422.  

Ottesen L H, Bendtsen F and Flyvbjerg A. 

2001. The insulin-like growth 

factor binding protein 3 ternary 

complex is reduced in cirrhosis. 

Liver 21: 350–356.  

Paramasivam R, Yuggheshinie M, 

Mohammed E, Fauzi M and 

Akhmazillah N. 2022. 

Development of human growth 

hormones. In: Chemical Process 



 

 

Journal of Rural Advancement Vol. 11; No.2, Oct. 2023. 143 

 

and Sustainability in Medical 

Biotechnology. Penerbit UTHM, 

UTHM, pp. 75-88. 

Peng X, Xu X, Li Y, Cheng L, Zhou X and 

Ren B. 2020. Transmission routes 

of 2019-nCoV and controls in 

dental practice. Int J Oral 

Sci.12(1): 9. 

Rajkovic I, Valiontis E and Ho K K Y. 

1994. Direct quantitation of growth 

hormone binding protein in human 

serum by a ligand 

immunofunctional assay: 

comparison with 

immunoprecipitation and 

chromatographic methods. J Clin 

Endocrinol Metab. 78: 772–777.  

Reid A. 2005. The Effects of the 1918–

1919 Influenza Pandemic on Infant 

and Child Health in Derbyshire. 

Med History 49(1): 29–54.  

Salehzadeh M, Hamden J E, Li M X, Bajaj 

H, Wu R S and Soma K K. 2022. 

Glucocorticoid Production in 

Lymphoid Organs: Acute Effects 

of Lipopolysaccharide in Neonatal 

and Adult Mice.  Endocrinology. 

163(2): bqab244. 

Santos R, Sampaio W, Alzamora A, 

Motta-Santos D, Alenina N and 

Bader M, et al. 2018. The ACE2/ 

angiotensin-(1-7)/ MAS axis of the 

renin-angiotensin system: focus on 

angiotensin-(1-7). Physiol Rev. 98: 

505–53. 

Savino W, Postel-Vinay M C, Smaniotto S 

and Dardenne M. 2002. The 

Thymus Gland: a Target Organ for 

Growth Hormone. Immunology. 

55(5): 442-452. 

Sherlock M and Toogood A A. 2007. 

Aging and the growth 

hormone/insulin like growth factor-

I axis. Pituitary 10(2): 189–203. 

Simonnet A, Chetboun M, Poissy J, 

Raverdy V, Noulette J and 

Duhamel A, et al. 2020. High 

Prevalence of Obesity in Severe 

Acute Respiratory Syndrome 

coronavirus-2 (SARS-CoV-2) 

Requiring Invasive Mechanical 

Ventilation. Obes. 28(7): 1195–

1199.  

Stewart P M, Toogood A A and 

Tomlinson J W. 2001. Growth 

hormone, insulin-like growth 

factor-I and the cortisol-cortisone 

shuttle. Horm Res. 56 Suppl (1): 

1–6.  

Tong R, Pan L, Xin Z and Li Y. 2022. 

Neuroendocrine-immune 

regulation mechanism in 

crustaceans: A review. 

Aquaculture. Volume14(1): 378-

398. 

Vahl N, Jorgensen J O, Jurik A G and 

Christiansen J S. 1996. Abdominal 

adiposity and physical fitness are 

major determinants of the age 

associated decline in stimulated 

GH secretion in healthy adults. J 

Clin Endocrinol Metab 81(6): 

2209–2215. 

Verity R, Okell L C, Dorigatti I, Winskill 

P, Whittaker C and Imai N, et al. 

2020. Estimates of the severity of 

coronavirus disease 2019: a model-

based analysis. Lancet Infect Dis. 

20(6): P669–677.  

WHO. 2020. Report of the WHO-China 

Joint Mission on Coronavirus 

Disease 2019 (COVID-19). 16-



 

 

Journal of Rural Advancement Vol. 11; No.2, Oct. 2023. 144 

 

20th February 2020: Major 

findings, chapter 2, page12. World 

health organization. 

WHO. 2020a. Clinical Management of 

Severe Acute Respiratory Infection 

when Novel Coronavirus (2019-

nCoV) Infection is Suspected: 

Interim Guidance. World Health 

Organization, Geneva, Switzerland. 

Clinical-management-of-covid-19. 

Accessed June 1. 

WHO. 2020b. Coronavirus Disease 2019 

(COVID-19): Situation Report, 46. 

World Health Organization, 

Geneva, Switzerland. Accessed 

June 1. 

WHO. 2020c. Infection Prevention and 

Control During Health Care when 

Novel Coronavirus (nCoV) 

Infection is Suspected: Interim 

Guidance. World Health 

Organization, Geneva, Switzerland. 

Accessed June 1.

 

 

 

 


