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Abstract

COVID-19 is an infectious respiratory disease which firstly occurred in Wuhan, China and evolved rapidly around the globe. The
causative pathogen is a novel coronavirus called SARS-CoV-2 with genomic similarities with SARS-CoV and MERS-CoV. The
disease is transmitted among humans either through direct contact or via droplets from sneeze or cough. Most infected persons
remain asymptomatic or mildly symptomatic, but some patients may develop severe clinical features, including pneumonia,
respiratory failure, sepsis and even death. People of advanced age and/or with underlying diseases (including diabetes mellitus)
are at greater risk. The innate and adaptive immune system are responsible for protecting the body against viral infection.
Nevertheless, it is assumed that SARS-CoV-2 interferes with the immune system through immunomodulating mechanisms
which intensify its pathogenesis. A delayed or reduced response of the innate immune system is critical for the development
of pathogenesis of the virus. People with diabetes are more likely to develop severe symptoms of COVID-19. The present article
speculates that special aspects of the immune dysfunction caused by chronic hyperglycaemia is the main reason for this

susceptibility.
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Epidemiology of COVID-19

Coronavirus disease 2019 (COVID-19) is a respiratory infec-
tion which is caused by a novel virus belonging to the
Coronaviridae family [1] and is officially named SARS-
CoV-2 (severe acute respiratory syndrome coronavirus 2). In
humans, coronaviruses primarily target the respiratory system
and have also caused outbreaks of respiratory disease in the
past, mainly the severe acute respiratory syndrome (SARS-
CoV) in 2003 and the Middle East respiratory syndrome
(MERS-CoV) in 2012. They are a large family of positive-
sense single-stranded RNA viruses (+ ssRNA) with a crown-
like appearance under the electron microscope due to the pres-
ence of spike glycoproteins on the envelope [2]. These viruses
derive from animal species (bats, rodents, birds) and can cross
barriers between species, also infecting humans [3].
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The transmission of SARS-CoV-2 among humans occurs
mainly through direct contact or droplets spread by coughing
or sneezing from an infected individual [4] . The incubation
period in most individuals varies between 2 and 14 days [5] .
On average, each person has the potential to spread the infec-
tion to 2.2-2.7 other people [6] . The majority of infected
individuals (about 80%) remains asymptomatic or with mild
symptoms, whilst the remainder suffer from severe or critical
clinical features. The most common symptoms of COVID-19
include fever, cough, sore throat, malaise and dyspnoea. In
severe cases, patients may develop pneumonia, acute respira-
tory distress syndrome, respiratory failure, septic shock and
multi-organ failure which can lead to death [7] . The elderly
and those with underlying diseases (such as hypertension,
cardiovascular diseases, diabetes mellitus and chronic pulmo-
nary diseases) are more at risk of adverse outcomes [8] .

The first cases of COVID-19 were detected in Wuhan, the
largest metropolitan area in Hubei province, China. The
spread of the disease evolved quickly to a pandemic. As of
June 29, 2020, the number of COVID-19 infections globally
has exceeded 10 million cases in 188 countries/regions caus-
ing more than 500,000 deaths [9] . Many issues still remain to
be determined with regard to the epidemiological evolution of
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the disease, especially the de-escalation of its prevalence, pos-
sible seasonal fluctuations of its incidence and the risk for
future widespread reoccurrences. Nevertheless, it is already
known that the resulting outbreak of COVID-19 has had a
detrimental effect on public health, causing numerous deaths
and burdening tremendously the health systems worldwide.
For this reason, states around the world have been taking
measures to restrict the impact of the spread. At the moment,
management strategies aim at reducing transmission in the
community and supporting patients with severe clinical fea-
tures. At the same time, researchers have been working inten-
sively towards the establishment of novel diagnostic proce-
dures, effective therapeutic regimens and prevention products.

Pathogenesis of SARS-CoV-2

Coronaviruses’ entry into susceptible cells is a complex pro-
cess that is mediated through binding of the viral surface-
exposed spike (S) glycoprotein to the host cell receptor. This
interaction promotes the fusion of the viral and cellular mem-
branes. SARS-related coronaviruses interact directly with
angiotensin-converting enzyme 2 (ACE2) via the domain B
of the S glycoprotein to enter cells [10] . ACE2 is mainly
expressed in type 2 alveolar cells in the lungs [11] .

The first-line defence against viral infection is the produc-
tion of type I interferons (IFNs-o/3) which is an essential part
of the innate immune system. In RNA viruses, such as the
coronaviruses, the viral genome or the intermediates during
viral replication are recognised by either endosomal RNA
receptors or cytosolic RNA sensors in all nucleated cells of
mammalians. This interaction leads to a downstream signal-
ling cascade and an accompanying translocation of nuclear
factors. This process results in expression of IFNs-o/f3 and
other pro-inflammatory cytokines. These interferons act to
neighbouring cells and via the JAK-STAT pathway stimulate
the expression of antiviral proteins and induce other biological
activities such as inhibition of cell proliferation, regulation of
apoptosis and immunomodulation [12] .

A successful response of the IFNs-o/3-related innate im-
mune system should be able to control viral replication and
dispersion in the body at an early stage, at least to an extent.
However, it is believed that SARS CoV-2 is able to subvert
the host response through the action of structural and non-
structural proteins. Due to the genomic sequence similarities
with SARS-CoV (and secondarily with MERS-CoV), it is
assumed that SARS-CoV-2 interferes with the relevant signal-
ling processes of the host cells through degradation or inhibi-
tion of involved cellular molecules. Consequently, the delayed
or vitiated INFs-o/3 response compromises the early viral
control, leading to escalation of the concentration of inflam-
matory neutrophils and monocytes and in turn to
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overproduction of pro-inflammatory cytokines (‘cytokine
storm’) that manifest the lung immunopathology of COVID-
19 [13].

The adaptive immunity response to SARS-CoV-2 has not
yet been clarified. Presumably, antigens from invading path-
ogens (most probably the surface-exposed spike glycoprotein
but perhaps also the membrane protein) are acquired by respi-
ratory dendritic cells which become activated and present the
processed antigen to circulating T cells. Activated CD4+ T
cells promote the production of virus-specific antibodies by
activating T-dependent B cells, whilst CD8 + T cells are cyto-
toxic and can kill infected cells. In addition, B cells produce
specific antibodies which may neutralise the invading viruses
[14] . If the pathogenesis in SARS applies to COVID-19, the
upregulation of pro-inflammatory cytokines during the de-
layed innate immunity potentiates the occurrence of severe
respiratory manifestations, whilst the progression to adaptive
immunity is correlated with recovery [15] .

Susceptibility of patients with diabetes
mellitus

Diabetes mellitus is a clinical syndrome of impaired glucose
metabolism with inappropriate hyperglycaemia due to abso-
lute or relative deficiency in insulin secretion, resistance to
insulin action, or both [16] . The most common types of dia-
betes mellitus include type 1 and type 2 diabetes [17] .
Although the clinical diagnosis of the type of diabetes is not
always straightforward, type 1 and type 2 diabetes are hetero-
geneous diseases with considerably different pathophysiolo-
gy. Type 1 diabetes is a catabolic disorder in which pancreatic
[3-cells fail to respond to all insulinogenic stimuli mainly due
to immune-mediated and less frequently due to idiopathic de-
struction. [18, 19] . Type 2diabetes is characterised by various
degrees of resistance to insulin action and insulin secretory
defect and is associated with other metabolic disorders of the
muscle tissue, liver, fat cells, gastrointestinal tract, pancreatic
a-cells, kidneys, and brain [20] . The global prevalence of
diabetes mellitus has risen dramatically over the past forty
years and it is expected to grow further over the next decades.
In 2019, it was approximately 9.3% (463 million people) and
it is estimated to rise around to 10.2% (578 million) by 2030
and 10.9% (700 million) by 2045 [21] .

Chronic hyperglycaemia is associated with increased sus-
ceptibility to pathogens. Many common infections are more
frequent and severe in individuals with diabetes mellitus,
whilst some rare infections (e.g. rhinocerebral mucormycosis,
emphysematous infections of the gallbladder and urinary tract,
invasive otitis externa) affect almost exclusively the diabetic
population [22] . Although the reasons for this vulnerability
are not completely defined, it is believed that abnormalities in
innate and adaptive immunity, diminished vascularisation,
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and facilitation of colonisation and growth of a variety of
organisms are critical factors [23] . In case of viral infections,
it is assumed that impairments mainly in innate as well as in
cell-mediated and humoral immunity could contribute to the
increased susceptibility.

The existence of diabetes is strongly associated with an
increased risk of developing severe COVID-19 in case of
infection with SARS-CoV-2 [24, 25] . However, it is not clear
how diabetes mellitus worsens the clinical presentation of
COVID-19. Several suggestions can be made. The present
article supports that heightened inflammatory processes con-
stitute the main pathophysiologic factor for the severity of
COVID-19 among patients with diabetes mellitus, whilst im-
pairments in immune response and diabetic comorbidities
contribute to the aggravated pathogenesis.

The primary hypothesis is that chronic hyperglycaemia is
involved in inflammatory processes which further activate
monocytes and promote the synthesis of pro-inflammatory
cytokines, thus aggravating inflammation and injury in the
lung tissue and worsening clinical condition. In this mecha-
nism, the excess of circulating glucose causes oxidative stress
in which free radical O, reduces the availability of nitric oxide
(NO) and activates a series of pro-inflammatory transcription
factors leading to inflammation. Moreover, hyperglycaemia
increases the expression of tumour necrosis factor-alpha
(TNF-a) and inteleukin-6 (IL-6) which further exacerbate in-
flammation [26] . A higher propensity to infections due to the
involvement of inflammatory processes was documented in
studies involving other viruses [27] .

In type 1 diabetes, autoimmunity induces an inflamma-
tory activity which leads to pancreatic 3-cell damage. The
resultant chronic hyperglycaemia causes oxidative stress,
increases the secretion of TNF-« and IL-6 and impairs
NO-mediated vasodilatation [28] . In type 2 diabetes, in-
flammation is also caused by systemic factors, mainly
obesity and subsequently insulin resistance. Adipose tis-
sue enhances the inflammation process through the action
of activated macrophages and the production of pro-
inflammatory cytokines (including TNF-a and IL-6) [29,
30] . Yet it remains unclear whether the innate immune
response is vitally impaired in both types of diabetes
mellitus and whether hyperglycaemia favours the initial
virulence of SARS-CoV-2.

Diabetes is a chronic condition that can affect the body’s
immune response to pathogens [31] . Indeed, the proliferative
response of lymphocytes is impaired in patients with diabetes,
particularly among those with poor glycaemic control [32] ,
and low lymphocyte count is a predictor of severe prognosis in
patients with COVID-19 [33] . With regard to the production
of neutralising antibodies, it is possible that glycosylation may
impair humoral immunity, especially in patients with high
HbA . values [34] . Furthermore, patients with diabetes
mellitus may present dysfunctional type IV (delayed)

hypersensitivity reaction and abnormal complement activa-
tion [35] which may hinder the immune response.

Apart from the defects in inflammatory and immune func-
tions due to hyperglycaemia, complications of diabetes
mellitus and treatment regimens may be involved in the vul-
nerability of these patients. Endothelial dysfunction, in partic-
ular, may enable SASR-CoV-2 to have an easier access to host
cells [36] . In addition, associated diabetic comorbidities and/
or complications, such as hypertension, cardiovascular dis-
ease, and chronic kidney disease may act synergistically and
further worsen the prognosis [37] . Especially persons, who
are treated with ACE inhibitors or angiotensin 2 receptor
blockers, have increased expression of ACE2 which could
potentially facilitate the infection with SARS-CoV-2 [38] .

Implications for diabetes’ care

COVID-19 has evolved to a public health crisis. Currently,
there is a lack of specific treatments, and only general preven-
tive strategies are available. Within this context, appropriate
guidance of patients with diabetes should be a priority. Social
distancing and practicing good hygiene are invaluable tools
for diminishing the transmission of SARS-CoV-2. In case of
extended periods of'isolation, individuals with diabetes should
secure access to medications and consumable supplies, such
as insulin, glucose test strips, disinfectants, and ensure unim-
peded communication with health care professionals, includ-
ing the use of phone and video calls to minimise face-to-face
contact [39] .

Although individuals with diabetes do not appear to con-
tract SARS-CoV-2 at an increased rate compared to the gen-
eral population [40] , poor control of diabetes is associated
with a higher risk for adverse clinical outcomes. Therefore,
it is important that persons with diabetes mellitus maintain an
optimal glycaemic control during a SARS-CoV-2 outbreak.
Regular monitoring of blood glucose levels (and urinary ke-
tones when needed) and adherence to treatment are necessary
for this purpose. Attention to proper nutrition and physical
activity (such as indoor exercise and unescorted walking) are
also important [41] .

Epilogue

The health crisis due to the COVID-19 pandemic has been a
global challenge for states, care systems and individuals.
SARS-CoV-2 has been exceptionally infectious and patho-
genic for humans. Patients with diabetes mellitus need to be
in the core of health care attention because of greater risk for
severe clinical course and mortality. In addition, the global
community should focus on the discovery and production of
the medical means that will affectively protect populations.

@ Springer



2038

J Diabetes Metab Disord (2020) 19:2035-2039

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Ren LL, Wang YM, Wu ZQ, Xiang ZC, Guo L, Xu T, Jiang YZ,
Xiong Y, LiYJ, Li XW, Li H, Fan GH, Gu XY, Xiao Y, Gao H, Xu
JY, Yang F, Wang XM, Wu C, Chen L, Liu YW, Liu B, Yang J,
Wang XR, Dong J, Li L, Huang CL, Zhao JP, Hu Y, Cheng ZS, Liu
LL, Qian ZH, Qin C, Jin Q, Cao B, Wang JW. Identification of a
novel coronavirus causing severe pneumonia in human: A descrip-
tive study. Chin Med J. 2020;133(9):1015-24.

2. YanR,Zhang Y, LiY, Xia L, Guo Y, Zhou Q. Structural basis for
the recognition of SARS-CoV-2 by full-length human ACE2.
Science. 2020;367(6485):1444-8.

3. YeZW, Yuan S, Yuen KS, Fung SY, Chan CP, Jin DY. Zoonotic
origins of human coronaviruses. Int J Biol Sci. 2020;16(10):1686—
97.

4. Rothan HA, Byrareddy SN. The epidemiology and pathogenesis of
coronavirus disease (COVID-19) outbreak. J Autoimmun.
2020;109:102433.

5. Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR,
Azman AS, Reich NG, Lessler J. The incubation period of corona-
virus disease 2019 (COVID-19) from publicly reported confirmed
cases: Estimation and application. Ann Intern Med. 2020;172(9):
577-82.

6. Sanche S, Lin YT, Xu C, Romero-Severson E, Hengartner N, Ke R.
High contagiousness and rapid spread of severe acute respiratory
syndrome coronavirus 2. Emerg Infect Dis. 2020;26(7):1470-7.

7. Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Di Napoli R.
Features, evaluation and treatment Coronavirus (COVID-19).
StatPearls. Treasure Island: StatPearls Publishing; 2020.

8. Emami A, Javanmardi F, Pirbonyeh N, Akbari A. Prevalence of
underlying diseases in hospitalized patients with COVID-19: A
systematic review and meta-analysis. Arch Acad Emerg Med.
2020;8(1):e35.

9. COVID-19 Dashboard by the Center for Systems Science. and
Engineering (CSSE) at Johns Hopkins University (JHU).
Available at https://www.coronavirus.jhu.edu/map.html.

10. Walls AC, Park Y]J, Tortorici MA, Wall A, McGuire AT, Veesler
D. Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell. 2020;181(2):281-92.

11.  Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang
B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W, Wu G, Gao
GF, Tan W. China Novel Coronavirus Investigating and Research
Team. A novel coronavirus from patients with pneumonia in China,
2019. N Engl J Med. 2020;382(8):727-33.

12.  Thiel V, Weber F. Interferon and cytokine responses to SARS-
coronavirus infection. Cytokine Growth Factor Rev. 2008;19(2):
121-32.

13. Prompetchara E, Ketloy C, Palaga T. Immune responses in
COVID-19 and potential vaccines: Lessons learned from SARS
and MERS epidemic. Asian Pac J Allergy Immunol. 2020;38(1):
1-9.

14. LiG,FanY, Lai Y, Han T, Li Z, Zhou P, Pan P, Wang W, Hu D,
Liu X, Zhang Q, Wu J. Coronavirus infections and immune re-
sponses. J Med Virol. 2020;92(4):424-32.

15.  Nikolich-Zugich J, Knox KS, Rios CT, Natt B, Bhattacharya D,
Fain MJ. SARS-CoV-2 and COVID-19 in older adults: What we
may expect regarding pathogenesis, immune responses, and out-
comes. Geroscience. 2020;42(2):505-14.

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Alberti KGMM, Zimmet PZ, for the WHO Consultation.
Definition, diagnosis and classification of diabetes mellitus and
its complications. Part 1: Diagnosis and classification of diabetes
mellitus. Provisional report of a WHO consultation. Diabet Med.
1998;15(7):539-53.

American Diabetes Association. Classification and diagnosis of di-
abetes: Standards of medical care in diabetes—2020. Diabetes Care.
2020;43(Suppl 1):14-31.

DiMeglio LA, Evans-Molina C, Oram RA. Type 1 diabetes.
Lancet. 2018;391(10138):2449-62.

Pifero-Pilofila A, Raskin P. Idiopathic type 1 diabetes. J Diabetes
Complications. 2001;15(6):328-35.

Brunton S. Pathophysiology of type 2 diabetes: The evolution of
our understanding. J Fam Pract. 2016;65(4):supp_az_0416.

Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N,
Colagiuri S, Guariguata L, Motala AA, Ogurtsova K, Shaw JE,
Bright D, Williams R. on behalf of the IDF Diabetes Atlas
Committee. Global and regional diabetes prevalence estimates for
2019 and projections for 2030 and 2045: Results from the
International Diabetes Federation Diabetes Atlas, 9th edition.
Diabetes Res Clin Pract. 2019;157:107843.

Casqueiro J, Casqueiro J, Alves C. Infections in patients with dia-
betes mellitus: A review of pathogenesis. Indian J Endocrinol
Metab. 2012;16(Suppl 1):27-36.

Hodgson K, Morris J, Bridson T, Govan B, Rush C, Ketheesan N.
Immunological mechanisms contributing to the double burden of
diabetes and intracellular bacterial infections. Immunology.
2015;144(2):171-85.

Wang X, Fang X, Cai Z, Wu X, Gao X, Min J, Wang F. Comorbid
chronic diseases and acute organ injuries are strongly correlated
with disease severity and mortality among COVID-19 patients: A
systemic review and meta-analysis. Research (Wash D C).
2020;2020:2402961.

Liu H, Chen S, Liu M, Nie H, Lu H. Comorbid chronic diseases are
strongly correlated with disease severity among COVID-19 pa-
tients: A systematic review and meta-analysis. Aging Dis.
2020;11(3):668-78.

Sun Q, Li J, Gao F. New insights into insulin: The anti-
inflammatory effect and its clinical relevance. World J Diabetes.
2014;5(2):89-96.

de Almeida Barreto FK, Montenegro RM Jr, Fernandes VO,
Oliveira R, de Aratijo Batista LA, Hussain A. de Goes Cavalcanti
LP. Chikungunya and diabetes, what do we know? Diabetol Metab
Syndr. 2018;10:32.

Goldberg RB. Cytokine and cytokine-like inflammation markers,
endothelial dysfunction, and imbalanced coagulation in develop-
ment of diabetes and its complications. J Clin Endocrinol Metab.
2009;94(9):3171-82.

Caér C, Rouault C, Le Roy T, Poitou C, Aron-Wisnewsky J,
Torcivia A, Bichet JC, Clément K, Guerre-Millo M, André S.
Immune cell-derived cytokines contribute to obesity-related inflam-
mation, fibrogenesis and metabolic deregulation in human adipose
tissue. Sci Rep. 2017;7(1):3000.

Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resis-
tance. J Clin Invest. 2006;116(7):1793-801.

Knapp S. Diabetes and infection: Is there a link? — A mini-review.
Gerontology. 2013;59(2):99-104.

Geerlings SE, Hoepelman AIM. Immune dysfunction in patients
with diabetes mellitus (DM). FEMS Immunol Med Microbiol.
1999;26(3—4):259-65.

Tan L, Wang Q, Zhang D, Ding J, Huang Q, Tang YQ, Wang Q,
Miao H. Lymphopenia predicts disease severity of COVID-19: A
descriptive and predictive study. Signal Transduct Target Ther.
2020;5(1):33.


https://www.coronavirus.jhu.edu/map.html

J Diabetes Metab Disord (2020) 19:2035-2039

2039

34.

35.

36.

37.

38.

39.

Peleg AY, Weerarathna T, McCarthy JS, Davis TM. Common in-
fections in diabetes: Pathogenesis, management and relationship to
glycaemic control. Diabetes Metab Res Rev. 2007;23(1):3-13.
Hussain A, Bhowmik B, do Vale Moreira NC. COVID-19 and
diabetes: Knowledge in progress. Diabetes Res Clin Pract.
2020;162:108142.

Sardu C, Gambardella J, Morelli MB, Wang X, Marfella R, Santulli
G. Is COVID-19 an endothelial disease? Clinical and basic evi-
dence. J Clin Med. 2020;9(5):1417.

Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, Li Q, Jiang C, Zhou
Y, Liu S, Ye C, Zhang P, Xing Y, Guo H, Tang W. Risk factors of
critical & mortal COVID-19 cases: A systematic literature review
and meta-analysis. J Infect. 2020;S0163-4453(20):30234—6.

Fang L, Karakiulakis G, Roth M. Are patients with hypertension
and diabetes mellitus at increased risk for COVID-19 infection?
Lancet Respir Med. 2020;8(4):e21.

Angelidi AM, Belanger MJ, Mantzoros CS. Commentary. COVID-
19 and diabetes mellitus: What we know, how our patients should

40.

41.

be treated now, and what should happen next. Metabolism.
2020;107:154245.

Orioli L, Hermans MP, Thissen JP, Maiter D, Vandeleene B,
Yombi JC. COVID-19 in diabetic patients: Related risks and spe-
cifics of management. Ann Endocrinol (Paris). 2020;81(2-3):101—
9.

Katulanda P, Dissanayake HA, Ranathunga I, Ratnasamy V,
Wijewickrama PSA, Yogendranathan N, Gamage KKK, de Silva
NL, Sumanatilleke M, Somasundaram NP, Matthews DR.
Prevention and management of COVID-19 among patients with
diabetes: An appraisal of the literature. Diabetologia.
2020;May 14:1-13.

Publisher's Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer



	A brief analysis and hypotheses about the risk of COVID-19 for people with type 1 and type 2 diabetes mellitus
	Abstract
	Epidemiology of COVID-19
	Pathogenesis of SARS-CoV-2
	Susceptibility of patients with diabetes mellitus
	Implications for diabetes’ care
	Epilogue
	References


