CASE STUDY

Autoantibody-Negative
Insulinopenic Diabetes
Manifested After
SARS-CoV-2 Infection:
Two Cases With 9
Months of Follow-Up

(lispro) only occasionally to correct elevated glucose
values.
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Case Presentation 2

A 53-year-old man (BMI 27.8 kg/m2) presented in our
clinic on 31 July 2020 with complaints of increased
thirst and polyuria that had started 2 weeks earlier. He
had had PCR-conﬁrmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, with mild
ﬂu-like symptoms in March 2020. The SARS-CoV-2 IgG
antibody test was positive on presentation in our clinic.
In the 15-week interval between the SARS-CoV-2 infection and the onset of polyuria, the patient was free of
symptoms and had an unimpaired general condition.
Laboratory testing on 31 July 2020 revealed elevated
blood glucose (370 mg/dL), mild ketonuria without
ketoacidosis (pH 7.40), and an A1C of 11.1% (98
mmol/mol). Fasting C-peptide was very low (0.01 ng/
mL [range 0.80–4.20 ng/mL]), indicating absolute insulin deﬁciency, but autoantibodies against GAD65
(GAD65-Ab), tyrosine phosphatase (IA-2-Ab), zinc
transporter 8 (ZnT8-Ab), and insulin (IA-Ab) were
absent. Human leukocyte antigen genotyping revealed
no type 1 diabetes risk locus (HLA-DR3 and HLA-DR4
negative).
Initially, a cumulative daily insulin dose of 50–70 units
was required to achieve sufﬁcient blood glucose control.
Subsequently, his insulin requirement decreased, and,
after about 4 weeks, the patient stopped taking basal
insulin (glargine) and injected rapid-acting insulin

A 29-year-old woman (BMI 19.9 kg/m2) presented in
our department on 30 October 2020 with elevated fasting glucose levels ﬁrst diagnosed in May 2020. The
patient had suffered from coronavirus disease 2019
(COVID-19) in March 2020 (PCR-positive on 30 March,
SARS-CoV-2 IgG antibody test positive). After the acute
infection with moderate ﬂu-like symptoms, recovery of
her general condition was delayed.
Because of ongoing fatigue, laboratory testing was performed on 19 May 2020, revealing a fasting glucose of
116 mg/dL and an A1C of 6.1% (43 mmol/mol).
Repeated self-measurements in the following weeks
conﬁrmed similar fasting glucose values. Further laboratory testing showed an A1C of 6.0% (42 mmol/mol)
on 2 October 2020 and 5.9% (41 mmol/mol) on 30
October 2020 (Table 1). A 75-g oral glucose tolerance
test performed on 13 November 2020 conﬁrmed overt
diabetes, with elevated glucose levels at 0 (115 mg/dL),
60 (251 mg/dL), and 120 minutes (245 mg/dL). The
rise in insulin after the glucose load was inadequate
and delayed (28.5 mU/mL at 60 minutes and 38.8 mU/
mL at 120 minutes, with a fasting insulin of 4.1 mU/
mL). Her fasting C-peptide level was low (1.07 ng/mL)
but above the cut point, indicating absolute insulin deﬁciency (0.60 ng/mL), suggesting preserved b-cell
reserve. The homeostasis model of insulin resistance
indicated a normal insulin sensitivity (HOMA-IR 2.1).
All autoantibodies (GAD65-Ab, IA-2-Ab, ZnT8-Ab, IAAb, and cytoplasmic islet cell antibodies [IC-Ab]) were
undetectable. Human leukocyte antigen characterization revealed an increased risk for type 1 diabetes (HLADR3 homozygous positive, HLA-DR4 negative).
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Case Presentation 1

In the 2 months leading up to the 39-week follow-up
visit, insulin was stopped completely. His A1C gradually
improved (Table 1) and was 6.9% (52 mmol/mol) in
week 39. His C-peptide level became markedly
higher (2.60 ng/mL) and remained in this range.
Data from his 39-week follow-up are shown in
Table 1.
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Week*

Date

Case 1: 53-Year-Old Man

TABLE 1 Clinical Course of Paents in Case Presentaons 1 and 2
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CASE STUDY
Observing occasional postprandial increases in glucose, the
patient intermittently used insulin lispro for carbohydraterich meals. In the weeks leading up to her week 50 follow-up, she was no longer using insulin because her postprandial glucose values were lower. Also, lower fasting
glucose values of 100 mg/dL were measured. The autoantibodies remained undetectable during follow-up.

Questions
1. Was the SARS-CoV-2 infection causative for the
diabetes manifestation in these cases?
2. Was the insulinopenic diabetes autoimmunemediated or related to other mechanisms?
3. What is the course of diabetes manifested after
SARS-CoV-2 infection?
4. What are the risk factors for new-onset diabetes
after SARS-CoV-2 infection?

Commentary
Increasing evidence indicates a link between SARSCoV-2 infection and diabetes. Research has mostly
focused on diabetes as a risk factor for a severe course
of COVID-19. However, conversely, acute SARS-CoV-2
infection may also work to deteriorate glycemic control
in patients with diabetes or cause increased glucose values in patients without known diabetes (1–3). Furthermore, several reports suggest that COVID-19 may
precede the manifestation of insulinopenic diabetes
(4–9). Here, we report two cases of insulinopenic diabetes after SARS-CoV-2 infection.
Epidemiological data regarding an increase in diabetes
manifestation possibly linked to SARS-CoV-2 are as yet
inconsistent. Although a higher incidence of type 1 diabetes during the COVID-19 pandemic was observed in
children in some centers in the United Kingdom (10),
this observation was not conﬁrmed in other populations
(11,12).
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Two previous publications described patients with insulin-dependent diabetes without autoantibodies after
SARS-CoV-2 infection, one of whom was a 19-year-old
man with undetectable GAD65-Ab, IA-2-Ab, ZnT8-Ab,
IC-Ab, and IA-Ab but classical features of type 1 diabetes (4). The other report characterized three patients
with negative GAD65-Ab, with no other autoantibodies
measured (7).
The prevalence of autoantibody-negative type 1 diabetes depends on ethnicity, among other things, and was
found to be 7% in a cohort in South Germany (13). The
described cases of diabetes after COVID-19 had a relatively short interval between infection and diabetes
manifestation, ranging from weeks to a few months.
Although cases with a longer latency will probably be
reported in the future, the reports available to date suggest that, in addition to the general inﬂammatory
response and possible induction of autoimmunity during a SARS-CoV-2 infection, b-cell damage may also be
directly mediated by SARS-CoV-2.
Angiotensin-converting enzyme 2 (ACE2) acts as a
receptor for the coronavirus spike protein (14) and is
expressed in multiple tissues besides the lung, including the pancreas and b-cells (1,15,16). An in vitro
study demonstrated that b-cells are permissive to
SARS-CoV-2 (17). Notably, SARS-CoV-2 is not the
only coronavirus with afﬁnity to ACE2. The human
coronavirus HCoV-NL63 also targets the ACE2 receptor (18). Recent data demonstrate that SARS-CoV-2
uses the same ACE2 receptor as SARS-CoV-1 for host
cell entry (14,19), and coronavirus-mediated islet cell
damage has been reported during previous coronavirus epidemics (SARS and MERS) (12,20). Yang
et al. (20) found that pancreatic islets are strongly
immune-positive for ACE2, whereas exocrine tissues
are only weakly positive.
However, data on direct b-cell tropism of SARS-CoV2 are conﬂicting. On one hand, SARS-CoV-2 infected
cultured human islet cells, with subsequent impairment of glucose-stimulated insulin secretion (21),
and SARS-CoV-2 nucleocapsid protein was detectable
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Downloaded from http://diabetesjournals.org/clinical/article-pdf/40/1/120/638746/diaclincd210031.pdf by guest on 11 August 2022

Both of these patients were of Caucasian origin and
physically ﬁt, and neither suffered from other medical
conditions or took any medications before their diagnosis with diabetes. They had no clinical signs of exocrine
pancreas or other organ dysfunction, and their lipase
values were in the normal range. The mother of the
patient in Case 1 was treated with oral antidiabetic
medication for type 2 diabetes (diagnosed at >70 years of
age), but there were no other cases of type 2 or type 1 diabetes in ﬁrst- or second-degree relatives in his family. The
29-year-old patient had no ﬁrst- or second-degree relatives with any type of diabetes.

Despite the increasing number of reports on SARS-CoV2–associated diabetes, the phenotype remains ill
deﬁned. Interestingly, neither of our patients displayed
markers of autoimmunity typical for type 1 diabetes.
One of our patients displayed a genetic predisposition
for type 1 diabetes but had a negative family history.
The other patient showed no risk factors for type 1
diabetes.

THEN ET AL.

in exocrine pancreatic cells as well as in cells positive
for b-cell markers in postmortem examinations of
COVID-19 patients (21). On the other hand, another
study demonstrated ACE2 protein expression in islet
and exocrine tissue microvasculature but not speciﬁcally in b-cells (22), and a further study found expression of ACE2 in pancreatic ductal epithelium and
microvasculature, but only to a lesser extent in endocrine cells (23).

To date, there are very few data available concerning
the course of diabetes manifested after SARS-CoV-2
infection. Kuchay et al. (7) reported short-term followup of three patients with insulin-dependent diabetes
without GAD65-Ab after SARS-CoV-2 infection.
Remarkably, all three patients were successfully
switched to an oral antidiabetic medication within
weeks, despite an initial presentation with diabetic
ketoacidosis. Our 53-year-old patient’s insulin requirement became very low within 4 weeks, despite his initially severely elevated blood glucose, extremely low Cpeptide, and high required insulin dose.
The clinical course of our patients and the three
patients described by Kuchay et al. (7) implies partial
recovery of insulin secretion, which was conﬁrmed by a
substantial increase in C-peptide in our patients. Our
29-year-old patient displayed stable, mildly elevated
fasting glucose values and a slight decline in A1C during follow-up. A longer follow-up in a larger number of
patients will be necessary to determine whether this
phenotype of diabetes after SARS-CoV-2 infection
undergoes a longer partial remission than the so-called
honeymoon period often seen after therapy initiation in
type 1 diabetes, whether even complete recovery of
b-cell function due to a higher b-cell reserve may occur,
or whether deterioration of glycemic control follows a
pattern similar to that of classical autoimmunemediated type 1 diabetes.
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Clinical Pearls
 Autoantibody-negative insulin-dependent diabetes

may manifest in temporal context with SARSCoV-2 infection.
 Clinicians need to be aware of a possible blood
glucose deterioration after COVID-19.
 The underlying mechanism and susceptibility factors remain elusive. Long-term follow-up of cases
with autoantibody-negative insulinopenic diabetes associated with SARS-CoV-2 will provide more
insight into the phenotype and the potential of
remission.
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