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Abstract

Earlier studies have reported that Diabetes mellitus (DM) increases the complications
of Severe acute respiratory syndrome coronavirus 2 (SARS CoV2) or Coronavirus disease
2019 (COVID19), and patients are more likely to experience severe symptoms that could
lead to mortality. One hypothesis states that hyperglycemic conditions facilitate the
virus entry into the cell since the virus and the Angiotensin-Converting Enzyme 2 (ACE2)
both require glucose for their function. However the exact interaction between the two
has not been clearly defined from the cell biology point of view. The underlying
mechanism for this differential effect in individuals with and without diabetes is not
clearly understood. The reason for this could be due to the preexisting pathological
pathways in patients with poorly controlled diabetes, which increases the risk of
infectivity and are responsible for the higher levels of tissue injury and death in patients
with diabetes [1]. However in this article we have focused mainly on COVID-19 induced
diabetes as this area has lacuna. The diabetes specialists point out that many key
metabolic tissues in the body, including pancreatic beta cells (b-cell) in the pancreas,
adipose (fat storage) tissue, the small intestine, and kidneys, contain ACE2 receptors.
They believe that when these viruses bind to ACE2 receptors, they may trigger changes
in glucose metabolism that worsen preexisting diabetes or cause the condition to
develop diabetes for the first time.

Keywords: SARS CoV2; Diabetes; ACE2 receptors; Pancreas beta cells; Glucose metabolism.

Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder that currently affects more
than 400 million worldwide and is projected to cause 552 million cases by the year 2030
[2]. Whereas the acute respiratory effects of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infections are apparent, the long-term consequences of the
virus remain unknown [3,4] Since the initial months of the pandemic, there has been
much discussion of the relationship between SARS-CoV-2 and diabetes. Scientists have
reported that there is a bidirectional relationship between Covid-19 and diabetes. On
the one hand, diabetes is associated with an increased risk of severe Covid-19. On the
other hand, new-onset diabetes and severe metabolic complications of preexisting
diabetes, including diabetic ketoacidosis and hyperosmolarity for which exceptionally
high doses of insulin are warranted, have been observed in patients with Covid-19 [5].
These manifestations of diabetes pose challenges in clinical management and suggest
a complex pathophysiology of Covid-19-related diabetes. However, what remains
unclear at present is whether infection with SARS-CoV-2 might itself precipitate new-
onset diabetes, or possibly predispose patients to the development of diabetes in the
longer term. Regardless, a key aspect of either exacerbation or initiation of diabetes is
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the health and viability of pancreatic B cells, the relatively
small number of which are responsible for the secretion of
insulin. The loss or dysfunction of B cells is considered an
underlying feature of all forms of diabetes, and therefore the
potential that SARS-CoV-2 might infect these cells becomes
salient with respect to both short- and long-term sequela of
COVID-19.

Evidence of ACE2 and TMPRSS2 on pancreatic beta cells

Ex-vivo studies have demonstrated the vulnerability of
B-cells to SARS-CoV-2 which showed the replication of viral
particles in pancreatic cells with robust expression of viral
proteins such as viral spike (S) and nucleocapsid (N) protein
and the co-expression of two essential docking proteins
Angiotensin-Converting Enzyme 2 (ACE2) and Transmembrane
protease serine 2 (TMPRSS2) [6]. In human, ACE2 and
TMPRSS2 are the two main entry receptors for the SARS-
CoV-2 transmission. Data from recent studies have shown
that in COVID-19, the cell surface ACE2 receptor of the
respiratory tract's target cells to help the SARS-CoV-2 viral
binding and infection of the host cell, the transmembrane
TMPRSS2 cleaved the viral spike protein and supported virion
entry into the cell [7,8]. Although the study on SARS-CoV-1
show the presence of the ACE2 receptor on the pancreatic
B-cells, which assist viral binding and infection, leading to the
damage of the B-cells and insulin insufficiency that causes
hyperglycemia in diabetic patients [9]. These results were
confirmed by blocking the expression of viral proteins activity
of SARS-CoV-2 with effective concentration of 5-pM
remdesivir for COVID-19 entry [10]. On the other hand,
transcriptional studies in human pancreatic islets infected
with SARS-CoV-2 indicated the up-regulation of several
genes linked to IFN-stimulated genes and down-regulation
of genes linked to B-cell function [11]. However, in the
absence of functional data, it has remained speculative if
levels of these entry factors correlate with the ability of the
virus to infect B cells.

Studies also show that SARS-CoV-2 can gain entry into
endothelial cells via the endothelial cell surface ACE2
receptors [12-14]. Another study reported a different
mechanism for impaired endothelial function. Pericytes were
identified as a part of viral entry rather than endothelial cells
contributing to a leaky endothelial barrier [15,16]. SARS-
CoV-2 particles and host inflammatory cells were present
within the endothelial cells, indicative of impaired integrity of
the vasculature and were related to more ICU admissions
among COVID-19 patients [17-19]. These patients presented
with higher levels of D-dimer, von Willebrand factor (VWF)
and soluble P-selectin, and factor VIII activity and manifested
venous thromboembolism and microvascular lung thrombosis
[20,21]. Cumulative evidence suggests that a glycolytic trait
can influence the course of the disease by promoting viral
tropism and negatively modulate the immune response and
functional integrity of tissues, including endothelium [18].
Recent investigation on the mechanism of association
between Covid-19 and diabetes has proved that pro-
inflammatory cytokines, increase ACE2 expression in the 3-cell

line EndoC-SH1 and in primary human pancreatic islets.
Interestingly, preferential expression of ACE2 isoforms in
human [ cells and ACE2 receptor upregulation induced by
proinflammatory conditions was also reported, thereby
establishing a link between inflammation and ACE2 expression
levels in islet B cells [22-24].

Incidence of People developing diabetes after having
CoVID-19

Earlier lab studies as shown above have suggested that
SARS-CoV-2 can infect human beta cells [25]. They also
showed that this dangerous virus can replicate in these
insulin-producing beta cells, to make more copies of it and
spread to other cells [15,23]. Based on current clinical data, it
appears that SARS-CoV-2 may trigger severe diabetic
ketoacidosis (DKA) in individuals with new-onset type 1
diabetes [26,27]. However, up to now, there is no unambiguous
evidence that SARS-CoV-2 induces type 1 diabetes [28,29].
SARS-CoV-2 infection can affect multi-organ systems, and
this proportionally correlated with the expression and
distribution pattern of ACE2 receptors in various organs.
Emerging studies supported the viral tropism to both exocrine
and endocrine cells of the pancreas and demonstrated
modification in the pancreas’ morphological, translational,
and functional aspects, ultimately impairing insulin secretion
[30-32].

The question remains whether SARS-CoV-2 infection can
destroy pancreatic microvasculature/ductal cells by binding
on ACE2 receptor, expressed in Human pancreatic -cells
leading to diabetes. It was reported that the SARS-CoV-2
receptor, ACE2, and related entry factors (TMPRSS2, NRP1,
and TRFC) are expressed in B cells, with selectively high
expression of NRP1. Further, SARS-CoV-2 infects human
pancreatic B cells in patients who succumbed to COVID-19
and selectively infects human islet 3 cells in vitro. SARS-CoV-2
infection attenuated pancreatic insulin levels and secretion
and induces [ cell apoptosis, each rescued by NRP1 inhibition
that observed in type 1 diabetes (T1D). This study showed
that SARS-CoV-2 can directly induce B cell killing [33].
Exacerbated inflammation and elevated blood glucose is a
common factor between diabetes and Covid-19, also a
glycolated trait was reported in monocytes of SARS-CoV-2
infected patients. Further, it was demonstrated that patients
showed increased cytokine levels with increase in glucose
levels as immune response. Studies have observed that high
serum levels of IL-6, IL-10, IL-4, IL-2 and TNF alpha were
significantly higher in Diabetic patients. Such parallels were
seen in COVID-19 patients and it is referred as “cytokine
strom” — as the immune response. The question still remains
whether such events could be due to underlying diabetic
conditions. Hence more research is needed to distinguish
between preexisting diabetic conditions and COVID-19
induced diabetes; this would help in designing the strategies
for treatment.

The studies of Tang et al., [34] also demonstrate the
presence of entry factors ACE2 and NRP1 in human B cells
and show that f cells can be infected by SARS-CoV-2 in vitro.
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Additionally, these authors show that reduced insulin levels in
infected cells are accompanied by increases in glucagon (a
characteristic of o cell) and trypsin1 (a characteristic of
exocrinecells). This phenotypicalteration, ortransdifferentiation,
appears to be mediated by the activation of the kinase PKR
and its inhibition of the translation factor elF2a-events
collectively referred to as the integrated stress response. An
inhibitor of this response, trans-ISRIB, attenuated
transdifferention and restored insulin production in B cells
following infection [35,36]. However, it is important to conduct
more studies to understand how the coronavirus reaches the
pancreas and what role the immune system might play not
only in the pancreatic damage process but also in the
pathophysiology of insulin resistance.

Discussion

Given the very short history of human infection with SARS-
CoV-2, an understanding of how Covid-19-related diabetes
develops, the natural history of this disease, and appropriate
management will be helpful. The study of Covid-19-related
diabetes may also uncover novel mechanisms of disease [37].
Inview of the emerging research in recent times, the hypothesis
of a potential diabetogenic effect of COVID-19 becomes
recognized. But it is yet to be determined whether the
alteration of glucose metabolism occurs with the onset of
COVID-19 or due to underlying preexisting diabetic conditions.
What is clear so far is that the pancreatic beta cells may get
infected by corona virus and subsequently interfere with
insulin- producing beta cells? Beta cells and other types cell
types in the pancrease express ACE2 receptor protein, the
TMPRSS2 enzyme protein and neuropilin-1 (NRP-1) all of
which provide the entry point of SARS CoV-2 in humans [38].

The Chen team and Jackson team reported signs of
coronavirus in both insulin- producing beta cells and other
cell types in the autopsied pancreatic tissue. The team also
reported death of those cells upon infection by SARS CoV-
2(https://directorsblog.nih.gov/2021/06/08/how-covid-19-
can-lead-to-diabetes/)

Beyond the question of impaired insulin secretion

Very few authors discuss the relationship of-can covid-19
causes Diabetes, one suggestion by Accili (2021) [30]
documents that Can SARS-CoV-2, the pathogenic virus
underlying COVID-19, can cause diabetes, among its many
effects?. But attribution beyond the occasional coincidence
remains difficult. The hyperglycaemia in COVID-19 has
multiple causes and probably involves impaired glucose
disposal as well as diminished insulin secretion [39]. Any
inflammatory state can cause insulin resistance and increase
hepatic glucose production through increased counter-
regulatory hormones, release of cytokines and lipids, and
direct hepatocyte injury. In addition, inflammation can impair
peripheral glucose uptake through immobilization, muscle
wasting, cytokines and fluid/electrolyte abnormalities that
alter membrane permeability [40,41]. Obesity is another
important risk factor for the comorbidities mentioned above,

and local inflammation of adipose tissue can serve as a
potential unifying driver of impaired glucose metabolism,
inflammation and immune responses. In addition, as steroid
use to treat COVID-19 has gone mainstream, the recovery of
B-cell function is delayed or blunted [42]. Finally, we would
expect ACE2 expression in B cells to be a key feature necessary
for the virus to inflict their specific loss and promote diabetes
development directly-an observation not reported earlier.

Conclusion

The corona virus—SARS COV-2 which causes the disease
COVID-19 gains entry into the humans through the nostrils
and enters by binding to its receptor (angiotensin-converting
enzyme 2) ACE2 receptors amply present on the lungs, but we
know that the presence of this receptor is not limited to the
lungs only as this receptor is also expressed in key metabolic
organs and tissues, including pancreatic beta cells, adipose
tissue, the small intestine, and the kidneys. However as
demonstrated by few authors it is plausible that SARS-CoV-2
may cause pleiotropic alterations of glucose metabolism that
could complicate the pathophysiology of preexisting diabetes
or lead to new mechanisms of disease. These observations
support the hypothesis of a potential diabetogenic effect of
SARS CoV-2, beyond the well-recognized stress response
associated with severe illness. It is still intriguing to know
whether the alterations of glucose metabolism that occur due
to a sudden onset in severe Covid-19 can persist or remit
when the infection resolves is unclear. The question may
remain as to how frequent is the phenomenon of new-onset
diabetes, and is it classic type 1 or type 2 diabetes or a new
type of diabetes? Do these patients remain at higher risk for
diabetes or diabetic ketoacidosis? In patients with preexisting
diabetes, does Covid-19 change the underlying
pathophysiology and the natural history of the disease? [43].
This article is an attempt to answering these questions in
order to find better strategies for treatment and clinical care,
follow-up, and monitoring of affected patients.

“To address these issues, an international group of leading
diabetes researchers participating in the CoviDIAB Project has
established a global registry of patients with Covid-19-related
diabetes (covidiab.e-dendrite.com. Opens in new tab). The
goal of the registry is to establish the extent and phenotype of
new-onset diabetes that is defined by hyperglycemia,
confirmed Covid-19, a negative history of diabetes, and a
history of a normal glycated hemoglobin level.” Above all, this
work provides yet another reminder of the importance of
protecting individuals from COVID-19 by vaccines.
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