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Abstract
Here we report the manifestation of insulin dependent diabetes after a COVID-19 infection in the absence
of typical autoantibodies for type 1 diabetes. A 19-year-old Caucasian male subject presented to our
emergency department with diabetic ketoacidosis (DKA). C-peptide levels accounted to 0.62µg/L in the
presence of blood glucose concentrations of 30.6 mmol/L (552 mg/dL). The patient´s case history
revealed a COVID-19 disease 6-8 weeks prior to admission. This is of interest, since COVID-19
internalization into host cells is mediated via Angiotensin-converting enzyme 2 (ACE2) [1], a
transmembrane glycoprotein which amongst others is crucial for β-cell homeostasis and function [2,3,4].
Detailed laboratory testing was performed, revealing no serum-antibodies against islet-cells (ICA),
glutamic acid decarboxylase (GAD65-AA), tyrosine phosphatase (IA-2-AA), insulin (IAA) and zinc-
transport-8 (ZnT8-AA), but against COVID-19. Hence, this is a presentation of an insulin-dependent
diabetes mellitus in the absence of markers of autoimmunity, which might suggest direct cytolytic effects
of COVID-19 on pancreatic β-cells presumably mediated via ACE2.

Introduction
The recent COVID-19 (Sars-CoV-2) pandemic represents a worldwide health crisis causing severe illness
and death especially in subjects with cardiovascular and metabolic abnormalities [5,6]. Interestingly, it has
been shown that COVID-19 enters human cells via Angiotensin-converting-enzyme 2 (ACE2), a
transmembrane glycoprotein with proteolytic activity also found in pancreatic β-cells [1,2,3,4]. Therefore, we
have recommended a careful management of patients with diabetes and to monitor for new onset
diabetes during the pandemic [7]. Indeed, patients were reported in Asia with acute diabetic ketoacidosis
associated with COVID-19 disease [8].The exact time course, causal relationship and presence or absence
of autoantibodies was however not provided.

Case Presentation
Here we present a 19-year-old Caucasian male subject submitted to our emergency department with
abnormal fatigue, exhaustion, and 12 kg weight loss within several weeks. He exhibited increased
polydipsia of approx. 6 liter per day, nycturia (2-3x per night), and an intermittent postprandial left-sided
�ank pain. No fever episodes and no typical chest pain were reported. Laboratory testing in our
emergency department revealed a DKA with a blood pH of 7.1, a blood glucose concentration of 30.6
mmol/L (552 mg/dL), reduced serum C-peptide levels of 0.62 µg/L (normal range: 1.1–4.4), a
hemoglobin A1c of 16,8%, as well as positive urinary ketones and glucosuria. Type 1 diabetes was
assumed. The family history revealed a maternal cousin with type 1 diabetes and a maternal
grandmother with type 2 diabetes. However, the immunological examination yielded absence of serum-
autoantibodies against islet-cells (ICA), glutamic acid decarboxylase (GAD65), tyrosine phosphatase (IA-
2), insulin (IAA) and zinc-transport-8 (ZnT8) in the affected patient (Tab. 1). The patient further reported
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that he had an asymptomatic COVID-19 (Sars-CoV-2) infection 6-8 weeks before when returning from
vacations in Austria with his family. On April 29th 2020, he was tested positive for COVID-19 (Sars-CoV-2)
IgG but not IgM indicating a previous COVID-19 infection.

The patient needed treatment on the intensive care unit for 3 days for re-compensating DKA using
intravenous insulin therapy according to international guidelines. At day 4, he was transferred to the
endocrine ward and subcutaneous insulin therapy was initiated. In the course of the next days, blood
glucose levels stabilized to 8.4 to 10.2 mmol/L (151 to 183 mg/dL). The patient received an educational
program according to guidelines for type 1 diabetes management. He was discharged from hospital in
good condition after 10 days.

Discussion
It is known for several years that corona like viruses enter human cells via binding to membrane bound
proteases [1]. For example, the Middle East Respiratory Syndrome virus (MERS-CoV), responsible for an
outbreak of acute respiratory syndrome, has been shown to use dipeptidylpeptidase (DPP4)-4, a protease
known to be involved in the regulation of the incretin system [9]. Recently, it has been demonstrated in a
functional assay, that ACE2 acts as the major binding partner for COVID-19 (Sars-CoV-2) spike
glycoprotein mediating host cell internalization [10].

ACE2 is widely expressed in eukaryotic cells membranes including those of pancreatic β-cells [2]. Using a
high-fat diet mouse model it has been shown that β-cell dedifferentiation is accompanied by ACE2
reduction [2]. ACE2 deletion in NOD mice resulted in hyperglycemia, decreased β-cell insulin content and
increased β-cell oxidative stress [3]. In addition, ACE2 de�ciency reduced β-cell mass and impairs β-cell
proliferation in obese C57BL/6 mice [4], overall suggesting this glycoprotein to be important for β-cell
homeostasis. Finally, it is currently under debate, that ACE2 is important for intra-islet paracrine
mechanisms in the communication of α and β-cells [3].

The hallmark in the pathology of classical type 1 diabetes is the β-cell destruction caused by a complex
autoimmune process [11]. Environmental factors are suspected to be responsible, i.e. activating the
immune system by reduction in gut microbiota, by early introduction to fruit or cow milk during childhood,
by gluten, by toxins and especially by viruses [12]. Interestingly, besides inducing autoimmunity, some
viruses like Enteroviruses might also exert direct cytolytic effects on pancreatic β-cell [13].

The patient reported here presented several weeks after a viral infection with a severe DKA with a
profound loss of β-cell function. However, in contrast to the general idea that viral infections indirectly
affect pancreatic β-cells by triggering autoimmunity, the absence of �ve typical antibodies in our patient
might argue against classical autoimmune type 1 diabetes. Given the fact that ACE2 is expressed on
pancreatic β-cells and ACE2 is the main receptor for COVID-19 (Sars-CoV-2) internalization we would like
to propose a direct cytolytic β-cell damage due to COVID-19 (Sars-CoV-2) resulting in an insulin-depended
diabetes without a classical autoimmune pathology in our patient. This assumption is supported by a
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recent mechanistic study demonstrating that adult human pancreatic alpha and beta cells are permissive
to Sars-CoV-2 pseudo-entry virus and Sars-CoV-2 virus infection [14]. Furthermore, Sars-CoV-2 infection of
pancreatic endocrine cells resulted in robust chemokine induction as seen in Covid-19 patients and
upregulation of markers of cell death [14].  

Despite a tremendous progress in biomedical research during the last centuries, the complex
immunopathology of type 1 diabetes is still not elusively understood. A detailed understanding in the
induction and progression of pancreatic β-cell failure, however, is crucial to develop novel innovative
therapies to prevent and/or cure this important metabolic disease. In that regard, the detailed
examination of patients developing β-cell failure and insulin-dependent diabetes after a COVID-19
infection in the future might yield novel insight into the yet unknown role of ACE2 in β-cell function and
also possible virus induced cytolytic processes in type 1 diabetes development. Thus, a global registry
has been launched to provide a systematic platform for collecting and analyzing these patients [15]. It will
be critical to explore the frequency, severity and duration of these complications and to explore more
deeply the mechanisms in primary human tissue. However, giving the fact that �ve different antibodies
were tested negative our �ndings clearly suggest that diabetologists need to be aware of the possibility of
an insulin dependent diabetes as an acute complication in COVID-19 (Sars-CoV-2) infected patients.

Research Design And Methods
The patient reported here was treated at the Intensive Care Unit as well as the Division of Endocrinology,
Diabetes and Clinical Nutrition at the Department of Medicine 1 at the University of Kiel, Germany. All
authors were directly involved in the treatment of the patient. The patient provided written informed
consent for the information presented in this Case Report to be published. Patient care and research were
conducted in compliance with the Case Report guidelines and the Declaration of Helsinki.

Blood and urine samples (including autoantibodies against islet cells, GAD65, IA-2, insulin and ZnT8 in
serum) were analyzed at the Department of Clinical Chemistry and Laboratory Medicine of the University
of Kiel, Germany. Antibodies against COVID-19 (Sars-CoV-2) were determined by an external laboratory
using the EDI™ Novel Coronavirus COVID-19 IgG ELISA Kit (Epitope Diagnostics, San Diego, USA).
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Tables

Table 1 – Immune diagnostic 

  Result Reference range

GAD65-AA < 5 IU/mL < 10

IA-2-AA < 10 IU/mL < 10

IC-AA negative negative

I-AA < 0.1 IU/mL < 0.4

ZnT8-AA < 10 IU/mL < 15

COVID-19 (Sars-Cov-2) IgG positive  

negative

COVID-19 (Sars-Cov-2) IgM negative  

negative
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I-AA, insulin autoantibodies; IC-AA,  islet-cell autoantibodies; GAD65-AA, glutamic acid decarboxylase autoantibodies; IA-2-AA,

tyrosine phosphatase autoantibodies; ZnT8-AA, zinc-transport-8 autoantibodies.


