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By December 2020, coronavirus disease 2019 (COVID-19)
had claimed the lives of more than 200,000 in the
United States alone, with more than 10.8 million people
infected (1). As the numbers grow, we continue to learn
that this disease has wide-ranging outcomes of varying
severity affecting multiple organs (2). Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), the
novel virus causing COVID-19, uses the ACE 2 receptor
to enter human cells. This receptor is expressed in 15
different human organs (3). Moreover, it is avidly
expressed in the pancreatic islets, but not on the exocrine
pancreas, suggesting that the virus may directly affect
b-cells (3).

The full effects of COVID-19 on diabetes are yet to be
determined, but worse outcomes have been reported in
adult patients with obesity, impaired glucose metabolism,
and diabetes (4). Furthermore, new-onset diabetes, ke-
tosis in people without diabetes, diabetic ketoacidosis
(DKA), and worsening metabolic complications in pa-
tients with known diabetes have all been reported in
adults with COVID-19 (5–7). Some experts have pro-
posed a diabetogenic effect of COVID-19, perhaps
presenting as a novel type of diabetes (8). Herein,
we describe a case of new-onset, autoantibody-negative

diabetes presenting with DKA and marked insulin re-
sistance in an otherwise healthy, nonobese adolescent.

Case Presentation

A 12-year-old previously healthy White Hispanic boy
presented with a 1-week history of abrupt-onset polyuria,
polydipsia, headache, and fatigue. He had no weight loss,
fever, cough, anosmia, or diarrhea. Laboratory testing
revealedDKA,with abloodpHof7.04, glucoseof 381mg/dL,
C-peptide level of 0.6 ng/mL, b-hydroxybutyrate level of
8.2mmol/L,A1Cof 11.3%, andapositive nasopharyngeal
reverse transcription-PCR (RT-PCR) test for SARS-CoV-2.
There was evidence of pancreatic inflammation (lipase
179 units/L [normal range 15–110]), but no elevation in
systematic inflammatory markers, and all autoantibody
tests for autoimmune diabetes were negative (Table 1).
On exam, he was nonobese (BMI -score:20.3), without
acanthosis nigricans, and pubertal (Tanner 3). His
medical and family histories were noncontributory;
specifically, there was no family history of diabetes or
neonatal hypoglycemia.

He was treated with intravenous (IV) insulin infusion at
0.1 units/kg/hour until DKA resolved within 24 hours. He
appeared well, without signs of systemic inflammatory
response and with no need for respiratory support or
glucocorticoid use. He was then transitioned to a sub-
cutaneous insulin regimen starting at 1 unit/kg/day but
developed persistent hyperglycemia evidenced via con-
tinuous glucose monitoring, prompting an increase of
insulin dosing and eventual resumption of IV insulin. His
insulin requirements continued to increase consistently
with marked insulin resistance (Supplementary Figure
S1). Given his significantly elevated insulin requirements
(.4 units/kg/day), metformin was initiated, and, 3 days
later, his insulin requirements declined, allowing for
discharge 9 days after initial diagnosis on an insulin
regimen closer to 1.5 units/kg/day (Figure 1).

In the following days, the patient’s insulin requirement
continued to decrease. Metformin was discontinued
20 days after diagnosis without rebound hyperglycemia.
Over the next weeks after discharge, his glycemic control
continued to improve, as evidenced by A1C results of 8.8
and 5% at 4 and 12 weeks, respectively, with appropriate
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insulin requirements for his age and pubertal status
(0.86–0.9 units/kg/day). Furthermore, he had aC-peptide
of 3.39 ng/mL at the time of euglycemia (102 mg/dL),
which was consistent with recovery of b-cell function. His

insulin requirement continued to decline, and, by week
14, he was only on long-acting insulin at 0.2 units/kg/day
with blood glucose levels ranging from 90 to 145 mg/dL.
At week 23, long-acting insulin was discontinued

TABLE 1 Laboratory Tests on Admission

Result Reference Value

-hydroxybutyrate, mmol/L 8.4 ,0.3

Glucose, mg/dL 381 —

C-peptide, ng/mL 0.6 0.8–6.8

pH 7.04 7.25–7.35

Bicarbonate, mmol/L ,5 20 –28

A1C, % 11.3 ,5.7

Lipase, units/L 179 15–110

C-reactive protein, mg/dL 1.1 ,1

Sedimentation rate, mm/hour 5 0–300

Ferritin, ng/mL 166 10–300

GAD autoantibody, units/mL ,5 ,5

Insulin autoantibody, units/mL ,0.4 ,0.4

Islet cell autoantigen 512 autoantibody, units/mL ,5.4 ,5.4

Zinc transporter 8 autoantibody, units/mL ,10 ,15

SARS-CoV-2 RT-PCR Positive —

FIGURE1 Insulin requirements fromadmission through follow-up.Arrows indicate thediscontinuation (white) and resumption (black) of IV
insulin. Orange bars indicate the concomitant use ofmetformin 1,000mg/day and subcutaneous insulin. Data were unavailable for days 13
and 16. Insulin was discontinued altogether on day 162.
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altogether. Finally, because of financial constraints and a
very low probability of having maturity-onset diabetes of
the young (~0.7%), molecular testing was not pur-
sued (9).

Questions

1. Can SARS-CoV-2 directly target pancreatic b-cells,
resulting in an abrupt-onset insulinopenic state?

2. Is there any association between insulin resistance
and COVID-19 independent of the inflammatory
response or severity of illness?

3. Could this form of nonautoimmune, insulin-
dependent diabetes associated with COVID-19 be
transient, similar to the insulin resistance displayed?

Commentary

The COVID-19 pandemic represents an unprecedented
challenge for all health care providers globally, with its
high rate of morbidity and mortality. As time passes, it is
becoming more evident that the disease appears to have
unique features not previously seen with similar patho-
gens. Early reports point not only to worsening of existing
diabetes, but also increased incidence of newdiagnoses of
overt diabetes and impaired glucose metabolism (4–7).

Here, we report a novel case of new-onset, nonauto-
immune diabetes in a nonobese child, with exceptional
insulin resistance and evidence of pancreatic injury            con- 

with severe metabolic derangement, insulinopenia, and
noevidenceof autoimmunity in the settingof aviral illness
is reminiscent of the phenotype of fulminant type 1 di-
abetes, although the criteria for its diagnosis were notmet
(10). Additionally, that form of diabetes lacks features of
insulin resistance.

Although the pathophysiology of this morbid condition
remains obscure, we speculate that it could be mediated
by a direct viral insult resulting in an insulinopenic state
with insulin resistance. As in our case, pancreatic injury
has been reported in 17%of adult patientswith COVID-19
pneumonia, presenting with mean lipase levels of
71 6 34 units/L (11). Additionally, two other cases of
autoantibody-negative diabetes after COVID-19 in ado-
lescents have been reported (5,12). However, the clinical
course in both were fairly similar to that of other patients
with newly diagnosed type 1 diabetes, and both lacked an
abrupt onset and exceptional insulin resistance. Further-
more, in the case reported by Suwanwongse and Shabarek

not possible. In the report by Hollstein et al. (12), the
patient did not have evidence of pancreatic inflammation,
although he presented more than 4 weeks after infection.
Thus, its presence could not be clearly established. Our
report may fill these gaps, supporting the hypothesis of
nonautoimmune b-cell injury secondary to SARS-CoV-2
infection, as has been previously described with SARS-
CoV-1 and Coxsackievirus-B4 (3,13).

Notably, the presenting A1C in our case did not seem to
correlate with the abrupt onset of symptoms, arguing
against the causality of COVID-19. Nonetheless, elevated
A1C levels are seen in DKA regardless of the duration of
diabetes, and similar findings have been reported (12).
Another consideration is the time of onset of diabetes
relative to the SARS-CoV-2 infection. Because the positive
RT-PCR test does not allow for an estimation of time of
infection and children seem to have a prolonged viral
shedding, with a median time of 32 days to achieve RT-
PCR negativity (14), our patient could have become
infected weeks before onset of symptoms of hypergly-
cemia, allowing for an incremental change in A1C.

Glucocorticoids and a stress response to critical illness are
known to result in insulin resistance. However, the lack of
exposure to these drugs, normal inflammatory markers,
and the patient’s clinical appearancedonot support this as
the origin of such exceptionally high insulin requirements,
raising the possibility that this may have been a viral-
mediated process. Similar findings of new-onset diabetes
with COVID-19 in individuals lacking severe illness have
been reported in adults (5). Insulin resistance is closely
associated with COVID-19 severity and mortality, with
patients with higher insulin resistance presenting with
higher levels of inflammatorymarkers. Notably, therewas
a discordance between the severity of illness and insulin
resistance in this case. Our patient was on an insulin drip
for a few hours preceding the measurement of inflam-
matory markers, and insulin has an anti-inflammatory
effect (15),which could potentially have led to a decline in
the inflammation cascade. Nonetheless, it would be
unlikely for insulin to completely blunt an inflammatory
response in such a short span of time, and, had it done so,
the subsequent insulin resistance should have improved,
rather than lingering for days in this case. The question
remains: did the use of metformin help to ameliorate the
insulin resistance in amatter of days, orwas this a result of
defervescing inflammation in a resolving illness?

Finally, whether this is a transient or permanent form of
diabetes is yet tobedetermined.Ourpatient seems tohave
recovered some b-cell function. It is important to note
that, of patients who have develop acute diabetes after
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SARS-CoV-1 infection, only half had persistent diabetes 3
years after diagnosis (3). More data and investigation are
needed to draw further conclusions, and results from
initiatives such as the global CoviDIAB Project (8) are
eagerly awaited to shed light on the matter.

Clinical Pearls

• COVID-19 can predispose to new-onset, non-
autoimmune insulinopenic diabetes reminiscent of
fulminant diabetes, but with an idiopathic severe and
transient form of insulin resistance not otherwise
explained by individual or pharmacologic factors or
severity of viral illness.

• It appears that pancreatic islets may be particularly
susceptible to COVID-19, with a variety of effects on
insulin secretion and action independent of
autoimmune-mediated injury. Whether this could be
a novel phenotype of diabetes related to SARS-CoV-2
infection remains to be determined.

• The insulin resistance concomitant with COVID-19
seems to be transient, but whether the state of insulin
deficiency is transient or permanent remains to be
determined.

• Metformin might be useful in curbing insulin resis-
tance associated with COVID-19.
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