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Here we report a case where the manifestations of 
insulin-dependent diabetes occurred following SARS-CoV-2 
infection in a young individual in the absence of autoanti-
bodies typical for type 1 diabetes mellitus. Specifically, a 
19-year-old white male presented at our emergency depart-
ment with diabetic ketoacidosis, C-peptide level of 0.62 µg l–1, 
blood glucose concentration of 30.6 mmol l–1 (552 mg dl–1) 
and haemoglobin A1c of 16.8%. The patient´s case history 
revealed probable COVID-19 infection 5–7 weeks before 
admission, based on a positive test for antibodies against 
SARS-CoV-2 proteins as determined by enzyme-linked immu-
nosorbent assay. Interestingly, the patient carried a human 
leukocyte antigen genotype (HLA DR1-DR3-DQ2) consi-
dered to provide only a slightly elevated risk of developing 
autoimmune type 1 diabetes mellitus. However, as noted,  
no serum autoantibodies were observed against islet cells,  
glutamic acid decarboxylase, tyrosine phosphatase, insulin  
and zinc-transporter 8. Although our report cannot fully 
establish causality between COVID-19 and the development 
of diabetes in this patient, considering that SARS-CoV-2 
entry receptors, including angiotensin-converting enzyme 2, 
are expressed on pancreatic β-cells and, given the circum-
stances of this case, we suggest that SARS-CoV-2 infection, or  
COVID-19, might negatively affect pancreatic function, per-
haps through direct cytolytic effects of the virus on β-cells.

The recent COVID-19 pandemic caused by the SARS-CoV-2 
virus represents a worldwide health crisis causing severe illness  
and death, especially in people with cardiovascular and metabolic  
abnormalities1,2. SARS-CoV-2 enters human cells via angiotensin- 
converting enzyme 2 (ACE2)3, a transmembrane glycoprotein with 
proteolytic activity also found in human pancreatic β-cells4, sug-
gesting that SARS-CoV-2 might alter pancreatic β-cell function 
and impair insulin secretion. Several recently published studies 
indicate a link between COVID-19 and diabetes: for example, acute 
hyper glycaemia has been observed in a large number of individu-
als infected with SARS-CoV-2, regardless of any past medical his-
tory of diabetes5–8. In another study in Asia, patients were reported 

with acute diabetic ketoacidosis (DKA) associated with COVID-19  
disease9. The exact time course, causal relationship and pres-
ence or absence of autoantibodies were, however, not provided. 
Furthermore, a marked increase in DKA was observed in German 
children and adolescents during the COVID-19 pandemic10, sug-
gesting a relationship between COVID-19 and new-onset type 1 
diabetes mellitus (T1DM). Therefore, we recommended care-
ful management of patients with diabetes and monitoring for 
new-onset diabetes during the pandemic11.

Here we present the case of a 19-year-old white male patient 
admitted to our emergency department with abnormal fatigue, 
exhaustion and 12-kg weight loss over several weeks. A detailed 
timeline of events before presentation at our emergency ward is 
presented in Fig. 1. He exhibited increased polydipsia of ~6 l d–1, 
nycturia (2–3 times per night) and an intermittent postprandial 
left-sided flank pain. Neither fever episodes nor typical chest pain 
was reported. Laboratory testing in our emergency department 
revealed DKA with blood pH 7.1, blood glucose 30.6 mmol l–1 
(552 mg dl–1), a reduced serum C-peptide level of 0.62 µg l–1 (normal  
range, 1.1–4.4 µg l–1) and haemoglobin A1c (HbA1c) 16.8%, as 
well as positive urinary ketones and glucosuria. Type 1 diabetes  
mellitus was assumed. The family history revealed a maternal 
cousin with autoantibody-positive T1DM and a maternal grand-
mother with type 2 diabetes. Human leukocyte antigen (HLA) 
geno typing revealed that the patient had no high-risk HLA geno-
type but a DR1-DR3-DQ2 genotype, which is associated with a 
slightly elevated risk of developing autoimmune T1DM (around 
1.7-fold higher compared with the general population)12,13. 
However, immunological examination yielded an absence of serum 
autoantibodies against islet cells (IC-Ab), glutamic acid decarboxy-
lase (GAD65-Ab), tyrosine phosphatase (IA-2-Ab), insulin (I-Ab) 
and zinc-transporter 8 (ZnT8-Ab) in the affected patient (Table 1), 
suggesting a type 1B diabetes mellitus subtype14.

The patient reported that he had had an asymptomatic 
SARS-CoV-2 infection 5–7 weeks previously when returning from 
vacation in Austria with his family. On 29 April 2020 he tested  
positive for IgG—but not IgM—antibodies against SARS-CoV-2 
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(Table 1), indicating that he had COVID-19 disease >4 weeks before 
antibody assessment15 (Fig. 1).

Acute pancreatitis was ruled out based on clinical assessment  
by experienced emergency room staff (no history of alcohol  
or drug abuse, no history of gallstones and no lipid disorders) 
and normal serum lipase of 19 U l–1 (reference range, 13–60 U l–1). 
Exocrine pancreatic function was not assessed because the patient 
did not complain of diarrhoea, increased stool volume and/or  
fatty stools.

The patient needed treatment in the intensive care unit for 
3 days for recompensating DKA, and was administered intravenous 
insulin therapy according to international guidelines. At day 4, he 
was transferred to the endocrine ward, and subcutaneous insulin 
therapy was initiated. Over the course of the next few days, blood 
glucose levels stabilized at 8.4–10.2 mmol l–1 (reference range, 
151–183 mg dl–1). The patient received an educational programme 
according to guidelines for insulin-dependent diabetes mellitus 
management. He was discharged from hospital in good condition 
after 10 days.

It has been known for several years that corona-like viruses 
enter human cells via binding to membrane-bound proteases3.  
For example, the Middle East respiratory syndrome virus, respon-
sible for an outbreak of acute respiratory syndrome, has been shown 
to use dipeptidylpeptidase-4, a protease known to be involved  
in the regulation of the incretin system16. Recently it has been  
demonstrated in a functional assay that ACE2 acts as the major 
binding partner for the SARS-CoV-2 spike glycoprotein, mediating 
host cell internalization17.

ACE2 is widely expressed in eukaryotic cell membranes, including  
those of pancreatic β-cells in mice18–20 and humans4. Using a  
high-fat diet mouse model, it was shown that β-cell de-differentiation 
is accompanied by reduction in ACE2 (ref. 20). Deletion of ACE2 
in non-obese diabetic mice resulted in hyperglycaemia, decreased 
β-cell insulin content and increased β-cell oxidative stress19. In 
addition, ACE2 deficiency reduced β-cell mass and impaired 
β-cell proliferation in obese C57BL/6 mice18, suggesting overall 
that this glycoprotein is important in β-cell homeostasis. Finally, 
it is currently under debate whether ACE2 is important in regard 
to intra-islet paracrine mechanisms in communication by α  
and β-cells19.

The hallmark in the pathology of classical T1DM is β-cell destruc-
tion caused by a complex autoimmune process21. Environmental 
factors are suspected to be responsible, involving activation of 
the immune system by reduction in gut microbiota, by the early 
introduction to fruit or cow’s milk during childhood, by gluten, by  
toxins and, especially, by viruses22. Interestingly, besides the induc-
tion of autoimmunity, some viruses including enteroviruses might 
also exert direct cytolytic effects on pancreatic β-cells23.

The patient reported here presented several weeks after a viral 
infection with severe DKA and profound loss of β-cell function. 
However, in contrast to the general idea that viral infections indi-
rectly affect pancreatic β-cells by triggering autoimmunity, the 
absence of five typical antibodies in our patient might argue against 
classical autoimmune T1DM although autoantibody-negative 
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Fig. 1 | Timeline of events before diagnosis of insulin-dependent diabetes mellitus. On 14 March 2020, the patient’s parents had returned from a vacation 
in Austria. Two days later, both parents started to develop COVID-19-typical symptoms (dry cough, shivering, fatigue, dyspnoea, joint pain and loss of 
smell and taste). No further PCR testing was performed because, at the time, official authorities did not invite them for testing despite both parents 
having reported their symptoms. On 6 April 2020, their 19-year-old son (the patient in this report) first noticed symptoms related to diabetes mellitus 
including fatigue, polydipsia and polyuria, which worsened over time. He did not show any typical COVID-19 symptoms. Around 20 April 2020, he further 
noticed excessive weight loss. In the meantime, both parents started to recover from their complaints. As they were suspected of having COVID-19, both 
parents and their two sons underwent a SARS-CoV-2 antibody test on 29 April 2020, which was positive (IgG+, IgM–) for both parents and the patient. 
The dizygotic sibling of the patient tested negative for SARS-CoV-2 antibodies and experienced neither COVID-19- nor diabetes-related symptoms. On 
5 May 2020 the patient presented at our local emergency ward because his symptoms relating to diabetes mellitus had worsened. He was then diagnosed 
with insulin-dependent diabetes mellitus and received treatment according to international guidelines. Based on the information presented in this figure 
(adapted from reports on the patient and his parents, and from antibody test results), we assume that the possible infection period of the patient can be 
narrowed down to the last 2 weeks of March 2020 (yellow bar) while it is unlikely that the patient had COVID-19 in April 2020 (red bar). This is further 
supported by the absence of IgM antibodies detected in the patient’s SARS-CoV-2 antibody test, which have previously been shown to persist for up to 
4 weeks after infection with SARS-CoV-2 (ref. 15).

Table 1 | immunity diagnostics

Result (iu ml–1) Reference range 
(iu ml–1)

GAD65-Ab <5 <10

IA-2-Ab <10 <10

IC-Ab Negative Negative

I-Ab <0.1 <0.4

ZnT8-Ab <10 <15

COVID-19 (SARS-CoV-2) IgG Positive Negative

COVID-19 (SARS-CoV-2) IgM Negative Negative
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T1DM (type 1B subtype) is not a rare condition24. Given the fact 
that ACE2 is expressed on human pancreatic β-cells4 and that it is 
the main receptor for SARS-CoV-2 internalization, we propose that, 
in this patient, direct cytolytic β-cell damage due to SARS-CoV-2 
infection resulted in insulin-dependent diabetes with no classical 
autoimmune pathology evident. This assumption is supported by 
a recent mechanistic study demonstrating that adult human pan-
creatic α- and β-cells are permissive to SARS-CoV-2 pseudo-entry 
virus and SARS-CoV-2 virus infection25. Furthermore, SARS-CoV-2 
infection of pancreatic endocrine cells resulted in robust chemokine 
induction, as seen in patients with COVID-19 and upregulation of 
markers of cell death25; in addition, SARS-CoV-1, the predecessor 
of SARS-CoV-2, has been shown to damage islet cells and cause 
diabetes in humans26. Based on these findings, we hypothesize that 
COVID-19 might have caused T1DM in our patient.

Nonetheless, our case report has limitations. We are aware that 
the major limitation of this case report lies in the causality miss-
ing between SARS-CoV-2 infection and insulin-dependent diabe-
tes. Future studies are warranted to investigate the direct cytotoxic 
effects of SARS-CoV-2 on pancreatic islet cells. Furthermore, one 
might argue that the high HbA1c level of our patient at the time of  
diagnosis does not support a recently developed T1DM due to 
COVID-19. However, although a high HbA1c level may suggest 
previous hyperglycaemia of several weeks’ duration, diabetic keto-
acidosis is reported with very high HbA1c levels irrespective of the 
duration of diabetes in several studies27,28. There are also well-known 
variations in red blood cell survival that may cause variation in 
HbA1c levels for a given mean blood glucose29. These studies indi-
cate that the markedly elevated HbA1c level in our patient does not 
rule out an acute onset of T1DM within the reported time frame. 
This is supported by the reported onset of diabetes symptoms that 
occurred after the probable period of infection with SARS-CoV-2 
(Fig. 1). The latter can be narrowed down to a time between 
mid-March and early April 2020, due to the positive IgG, but nega-
tive IgM, in the SARS-CoV-2 antibody test15.

Despite tremendous progress in biomedical research over the 
centuries, the complex immunopathology of T1DM is still not 
completely understood. Detailed understanding of the induction 
and progression of pancreatic β-cell failure, however, is crucial  
in the development of therapies to prevent and/or cure this impor-
tant metabolic disease. In that regard, the detailed examina-
tion of patients developing β-cell failure and insulin-dependent  
diabetes after SARS-CoV-2 infection might yield new insights 
into the hitherto-unknown role of ACE2 in β-cell function,  
and also into the potential virus-induced cytolytic processes in 
T1DM development. Thus, a global registry has been launched  
to provide a systematic platform for collection and analysis of  
patients with new-onset diabetes30. It will be critical to explore 
the frequency, severity and duration of these complications  
and to investigate more deeply the mechanisms involved in  
primary human tissue. Because our case may illustrate the sys-
temic nature of COVID-19-related organ damage, we think that a 
population-representative assessment of endocrine syndromes post 
COVID-19 would be necessary. The recently launched COVIDOM 
study of University Hospital Schleswig-Holstein represents an  
epidemiological campaign with the scope of a 10-year follow up 
after SARS-CoV-2 infection to assess the long-term consequences 
of COVID-19 in a larger population.

As a conclusion, our report indicates that diabetologists should 
be aware of the possibility of insulin-dependent diabetes as an acute 
complication in patients infected with SARS-CoV-2.

Methods
Clinical study. The patient reported here was treated in both the intensive care unit 
and the Division of Endocrinology, Diabetes and Clinical Nutrition, Department 
of Medicine 1 at the University of Kiel, Germany. All authors were directly involved 

in the treatment of the patient or analysis of the available biomaterial. The patient 
provided written informed consent for publication of the information presented in 
this case report. Patient care and research were conducted in compliance with case 
report guidelines and the Declaration of Helsinki.

Diagnostics. Blood and urine samples (including serum autoantibodies against 
islet cells, GAD65, IA-2, insulin and ZnT8) were analysed at the Department of 
Clinical Chemistry and Laboratory Medicine at the University of Kiel, Germany. 
Autoantibody tests for GAD65, IA-2 and ZnT8 were repeated in another laboratory 
(Helmholtz Institute, Munich, Germany) using internationally standardized and 
evaluated assays31. These included the 3-Screen enzyme-linked immunosorbent 
assay (ELISA) that measures antibodies against GAD65, IA-2 and ZnT8 (RSR)32, 
and radiobinding immunoprecipitation assays with [35S]methionine-labelled 
recombinant human proteins measuring antibodies against GAD65, IA-2 and  
ZnT8 (refs. 33,34).

Antibodies against SARS-CoV-2 were determined by an external laboratory 
using the EDI Novel Coronavirus COVID-19 IgG ELISA Kit (Epitope Diagnostics). 
According to the manufacturer, this assay has a limit of detection of 5 U ml–1, a 
diagnostic specificity of 100% and a diagnostic sensitivity of 100%.

Further information on the methods used in this manuscript can be found in 
the Reporting Summary in the Supplementary information.

Reporting Summary. Further information on research design is available in the  
Reporting Summary linked to this article.

Data availability
The authors declare that the data supporting the findings of this study are available 
within the paper.
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