S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Comment

“*® Distinguishing the real from the hyperglycaemia: does

CrossMark

Published Online

April 7,2021
https://doi.org/10.1016/
$2213-8587(21)00087-5

COVID-19 induce diabetes?

Reports noting the deleterious impact of diabetes on
people infected with SARS-CoV-2 arose in the earliest
weeks of the COVID-19 pandemic.* Over time, obesity,
hyperglycaemia, type 2 diabetes, and type 1 diabetes
have each been reported to be associated with increased
COVID-19 morbidity and mortality, as well as expanded
therapeutic needs during hospital admission.> More
controversial, however, has been the question of
whether SARS-CoV-2 specifically is, in and of itself,
capable of inducing diabetes; and, if so, in which of its
forms.? Beyond this question, hypotheses abound as to
whether such a disease-provoking activity (if it exists)
is due to acceleration of an underlying and potentially
pathogenic feature associated with traditional diabetes
pathogenesis (ie, type 1 or type 2 diabetes), or incitement
of a new variant of diabetes involving either acute -cell
destruction or impairment of insulin secretion.* What
does seem clear is that SARS-CoV-2 infection, like many
other infections, has the ability to induce hyperglycaemia
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Panel: Summary of the published evidence for and against
the expression of ACE2 in human pancreatic 8 cells

Evidence for ACE2 expression

+ Immunostaining of human pancreatic tissue sections*

» Immunofluorescence with isolated primary islets and
iPSC-derived organellest

« Immunofluorescence with isolated islets and pancreatic
tissue sections from control patients and immunostaining
of pancreatic tissue sections from COVID-19 patient
autopsiest

Evidence against ACE2 expression or suggesting limited

expression

« Analysis of public scRNAseq datasets and immunostaining
of control pancreas tissue sections§

« Analysis of public scRNAseq datasets and immunostaining
of pancreas tissue sections from control organ donors and
COVID-19 autopsies§

References for the panel are listed in the appendix. ACE2=angiotensin-converting
enzyme 2. iPSC=induced pluripotent stem cell. “In one study that used this method,
tissue was from a single donor and antibody clone was not identified; in a second study
that used this method, there was observed preferential expression of the short,
non-virus-binding ACE2 isoform. flsolated islets or iPSC organelles might have different
expression patterns. Infection of human islet cells in vitro does not prove infection in
vivo. SThree studies examined ACE2 localisation in human pancreatic tissue sections by
immunostaining and analysed publicly available scRNAseq datasets, with the

two approaches yielding the same takeaways regarding which cells express ACE2.

through diminished insulin secretion, enhanced release
of counter-regulatory hormones, excessive hepatic
glucose production, impaired glucose disposal, or a
combination of these factors.>+

Diabetes onset has been noted, in case reports, to occur
simultaneously with acute SARS-CoV-2 infection or in the
weeks to months following recovery from the infection.®
However, findings from epidemiological studies have
been conflicting: for example, work from the UK
showed an increase in type 1 diabetes incidence during
the COVID-19 pandemic,® whereas a larger study from
Germany showed no such change,’” although neither
study confirmed COVID-19 diagnosis or accounted
for viral load as a potential contributing factor. Recent
summaries of the available scientific literature suggest
that a causal association between COVID-19 and the
onset of type 1 diabetes is unlikely, but there is need
for further investigation.*® Indeed, taken together, the
available information provides a strong rationale for
the recently formed CoviDiab Registry, which seeks to
proactively address such questions.

Importantly, there is no consensus regarding which
cells within the pancreas—and particularly whether
the insulin-producing B cells—express the key viral
receptor for SARS-CoV-2, angiotensin-converting
enzyme 2 (ACE2), and additional factors or cofactors
(eg, TMPRSS2, TMPRSS4, NRP-1, CD209L, and SR-B1)
necessary for effective SARS-CoV-2 entry.® More than
150 human cell types reportedly express ACE2, with
expression levels affected by various factors including
age, sex, comorbidities, medications, inflammation, and
constituents of the renin-angiotensin system.”

As with the epidemiological evidence, the reported
data with respect to ACE2 expression in pancreatic
cells are conflicting (panel). Studies of both isolated
human islets and induced pluripotent stem cell
(iPSC)-derived B cells suggest ACE2 expression in a
limited subset of B cells or their insulin-producing
surrogates, respectively. Whether isolated islets or
iPSC-derived endocrine cells accurately mimic in-
vivo infectivity is not known. By contrast, analyses
of human pancreatic tissues from dozens of organ
donors using immunohistochemistry did not identify
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ACE2 expression on endocrine cells (including B cells),
but rather showed clear ACE2 expression by ductal
structures and microvasculature within islet and acinar
regions of the pancreas (panel). Coexpression of ACE2
and required cofactors such as TMPRSS2 was also rarely
observed in these tissues (as assessed by transcriptional
profiling and immunostaining), reducing the likelihood
that SARS-CoV-2 can infect islet endocrine cells in
vivo (panel). Immunofluorescence staining of a small
number of autopsy pancreases identified ACE2 and
C-peptide colocalisation within islets, but the greatest
ACE2 expression was within islet microvasculature
(panel). The very small number of studies examining
autopsy specimens from the pancreases of patients
who died from complications associated with COVID-19
have not, as yet, provided clear answers (panel). Such
studies are key to addressing the question of whether
ACE2 or other entry factors could be induced in f cells
or other cells within the pancreas as part of the tissue
inflammation associated with SARS-CoV-2 infection.
Although ACE2 and TMPRSS2 appear to be expressed
in pancreatic ductal cells, histological evidence or
clinical reports of pancreatitis have not been commonly
reported (panel). 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 to
date.

The potential role of SARS-CoV-2 in inducing diabetes
is likely to be more complex than the mere notion of
pancreatic ACE2 expression and B-cell destruction.*
As with many clinical scenarios, new-onset diabetes
can result from several pathogenic processes involving
factors that induce autoimmunity, B-cell stress, or
insulin resistance in liver, skeletal muscle, and adipose
tissues. Furthermore, B cells could be indirectly damaged
as a result of local hypoxia and inflammation due to
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SARS-CoV-2 infection of the islet microvasculature.
Proof of direct toxicity to B cells will require histological
evidence of B-cell loss and the presence of SARS-CoV-2
within pancreatic islet cells of individuals infected with
SARS-CoV-2. Many of the aforementioned questions will
also require continued research to definitively determine
whether SARS-CoV-2 (or emerging variants thereof)
affect the pancreas and specifically induce diabetes.
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