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ABSTRACT

Studies on diabetic ketoacidosis (DKA) in COVID-19 patients 
are scarce. Infections are a precipitating factor for DKA in 
adults with diabetes. Over a 1-week period, five patients with 
diabetes presented to our hospital with DKA. SARS-CoV-2 
infection was diagnosed in all five cases. All patients devel-
oped acute respiratory distress syndrome and died during 
this hospitalization. In this case series of male patients with 
diabetes, reluctance to present to the hospital, severe pneu-
monia, high C-reactive protein (29.35  ±  14.74 mg/dl), high 
white cell count (14,140  ±  5444 mm3), high D-dimer 
(2578  ±  1155 ng/ml), high lactate dehydrogenase 
(656 ± 249 U/L), and BMI >25 kg/m2 may have contributed 
to their poor outcomes.

Key words: Diabetic ketoacidosis. COVID-19. Diabetes.

RESUMEN

Los estudios sobre cetoacidosis diabética (CAD) en pacientes 
con enfermedad por coronavirus 2019 (COVID-19) son escasos. 
Las infecciones son un factor desencadenante de la CAD en 
adultos con diabetes. Durante un periodo de una semana, cin-
co pacientes que viven con diabetes se presentaron en nuestro 
hospital con CAD. La infección por coronavirus 2 del síndrome 
respiratorio agudo grave (SARS-CoV-2) se diagnosticó en los 
cinco casos. Todos los pacientes desarrollaron síndrome de 
dificultad respiratoria aguda (SDRA) y murieron durante esta 
hospitalización. En esta serie de casos de pacientes de sexo 
masculino con diabetes, la renuencia a acudir al hospital, neu-
monía grave, proteína C reactiva alta (29.35  ±  14.74 mg/dl), 
recuento alto de glóbulos blancos (14.140 ± 5.444 mm3), díme-
ro D alto (2.578  ±  1.155 ng/ml), deshidrogenasa láctica alta 
(656 ± 249 U/l) e índice de masa corporal > 25 kg/m2 pudieron 
haber contribuido a su mal pronóstico.

Palabras clave: Cetoacidosis diabética. COVID-19. Diabetes.
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INTRODUCTION

Diabetes mellitus has been shown to be a comorbi-
dity that is associated with severe disease, acute 
respiratory distress syndrome (ARDS) and increased 
mortality in COVID-19. The coexistence of diabetes 
mellitus and COVID-19 is an unfortunate situation 
in which one disease can complicate the other. On 
the other hand, COVID-19 may worsen glycemic 
control and cause acute hyperglycemia crises 
among patients with preexisting diabetes or indu-
ces new-onset diabetes1. Studies on diabetic ke-
toacidosis (DKA) in COVID-19 patients are scarce in 
Mexico. Over a 1-week period from April 21 to May 
3, 2020, five patients presented with DKA that did 
not improve with usual treatment. Five patients 
with diabetes presented to the hospital with a his-
tory of fever, polydipsia, and respiratory symptoms. 
They delayed seeking medical care because of fear 
of COVID-19. On admission, they reported good 
treatment adherence for diabetes. DKA was diagno-
sed in all cases. All had no alterations on electrocar-
diogram, and other foci of infections were ruled out. 
None of the patients received steroid management 
during hospitalization. All patients developed ARDS 
and were intubated and sedated. Severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection was diagnosed in all five cases.

CASE PRESENTATION

Case #1

A 61-year-old man with a history of type 2 diabetes 
mellitus (T2DM) and regular alcohol consumption 
presented with a 3-day history of fever, dyspnea, 
cough, polydipsia, and lethargy. His examination was 
notable for dry mucous membranes, tachycardia, 
Kussmaul breathing, and a BMI of 25 kg/m2. Labora-
tory results showed hyperglycemia (381 mg/dl) and 
metabolic acidosis (blood gas analysis: pH 7.23, bicar-
bonate 10.5 mmol/L, anion gap of 18.5, lactate 
1.2 mmol/L) with ketones and glucosuria in the urine. 
A chest X-ray revealed bilateral ground-glass 

opacities with bilateral patchy shadowing (Fig. 1). In-
travenous sodium chloride 0.9% solutions and an in-
sulin infusion (maximum infusion rate of 12 U/h) with 
antibiotic therapy were initiated but did not result in 
clinical improvement and glycemic control. He was 
positive for SARS-CoV-2. The patient developed ARDS 
and was intubated and sedated. He died 2 days after 
hospitalization due to acute kidney injury and shock.

Case #2

A 53-year-old man with a history of T2DM presented 
with a 3-day history of fever, dyspnea, polydipsia, and 
nausea. His examination was notable for dry mucous 
membranes, tachycardia, and a BMI of 33.1 kg/m2. 
Laboratory results showed hyperglycemia (324 mg/dl) 
and metabolic acidosis (blood gas analysis: pH 7.25, 
bicarbonate 13.9 mmol/L, anion gap of 23, and lac-
tate 0.9 mmol/L) with ketones and glucosuria in the 
urine. A chest X-ray revealed bilateral ground-glass 
opacities with bilateral infiltrates (Fig. 2). Intravenous 
sodium chloride 0.9% solutions, potassium replace-
ment, and insulin infusion (maximum infusion rate of 
10 U/h) with antibiotic therapy were initiated but did 
not result in clinical improvement and glycemic con-
trol. He tested positive for SARS-CoV-2. The patient 
developed ARDS which required mechanical ventila-
tion and died 3 days after hospitalization.

Figure 1. Chest X-ray on admission showing bilateral ground-glass 
opacities with bilateral patchy shadowing.
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Case #3

A 55-year-old man with a history of T2DM and regular 
alcohol consumption presented to our hospital with 
a 4-day history of fever, dyspnea, cough, polydipsia, 
headache, and lethargy. His examination was notable 
for dry mucous membranes, tachycardia, Kussmaul 
breathing, and a BMI of 38.2 kg/m2. Laboratory results 
showed hyperglycemia (376 mg/dl), metabolic aci-
dosis (blood gas analysis:  pH 7.16, bicarbonate 
6.1 mmol/L, anion gap of 27.9, and lactate 1 mmol/L), 

elevated serum creatinine (3.5 mg/dl) with ketones 
and glucosuria in the urine. A chest X-ray revealed 
bilateral ground-glass opacities with infiltrates (Fig. 
3). Intravenous Hartmann solutions and an insulin 
infusion (maximum infusion rate of 9 U/h) with an-
tibiotic therapy were initiated but did not result in 
clinical improvement and glycemic control. He was 
positive for SARS-CoV-2. The patient developed 
ARDS and was intubated and sedated. He died 2 
days after hospitalization.

Case #4

A 40-year-old man with a history of T2DM presented 
with a 1-week history of fever, dyspnea, polydipsia, 
and sore throat. His examination was notable for dry 
mucous membranes, tachycardia, Kussmaul 
breathing, and a BMI of 26 kg/m2. On admission, the 
laboratory results showed hyperglycemia (273 mg/dl) 
and metabolic acidosis (blood gas analysis: pH 7.20, 
bicarbonate 10.8 mmol/L, anion gap of 27.2, and 
lactate 0.8 mmol/L) with ketones and glucosuria in 
the urine. A chest X-ray revealed bilateral ground-
glass opacities (Fig. 4). Intravenous sodium chloride 
0.9% solutions, potassium replacement, and insulin 
infusion (maximum infusion rate of 14  U/h) with 
antibiotic therapy were initiated but did not result 

Figure 2. Chest X-ray on admission showing bilateral ground-glass 
opacities with bilateral infiltrates.

Figure 4. Chest X-ray on admission showing bilateral ground-glass 
opacities.

Figure 3. Chest X-ray on admission showing bilateral ground-glass 
opacities with infiltrates.
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in clinical improvement and glycemic control. He 
tested positive for SARS-CoV-2 and developed 
ARDS, which required mechanical ventilation. The 
patient died 9 days after hospitalization.

Case #5

A 55-year-old man with a history of T2DM presented 
with a 1-week history of fever, dyspnea, polydipsia, 
cough, headache, and lethargy. His examination was 
notable for dry mucous membranes, tachycardia, and 
a BMI of 29.7 kg/m2. On admission, laboratory results 
showed hyperglycemia (354 mg/dl) and metabolic 
acidosis (blood gas analysis:  pH 7.26, bicarbonate 
13 mmol/L, anion gap of 18, and lactate 1.1 mmol/L) 
with ketones and glucosuria in the urine. A chest X-ray 
revealed bilateral ground-glass opacities (Fig. 5). In-
travenous sodium chloride 0.9% solutions, potassium 
replacement, and insulin infusion (maximum infusion 
rate of 11 U/h) with antibiotic therapy were initiated 
but did not result in clinical improvement and glyce-
mic control. He tested positive for SARS-CoV-2. The 
patient developed ARDS and was intubated and se-
dated. He died 8 days after hospitalization.

All the patients clinical characteristics are summari-
zed in Table 1.

DISCUSSION

DKA is the most common acute hyperglycemic 
emergency in people with diabetes mellitus. DKA 
occurs mostly in people with uncontrolled type 1 
diabetes mellitus (T1DM) but also occurs in adults 
with poorly controlled T2DM who are under stressful 
conditions, such as acute medical or surgical illnes-
ses. Although any illness or physiological stress can 
precipitate DKA, the most frequent causes are infec-
tions, particularly urinary tract infections and gas-
troenteritis. In developed countries, the risk of death 
resulting from DKA is <1% in adults, whereas in de-
veloping countries, the DKA mortality is much hig-
her. Among adults, DKA-related deaths occur prima-
rily in older persons (>60 years of age) and in those 
with severe precipitating illnesses2.

By way of comparison, our service had treated only 
1-2 DKA patients every week over the previous year, 
usually caused by urinary tract infections and new-
onset diabetes mellitus, with no mortalities.

COVID-19 and diabetes

A retrospective study reported that the incidence of 
DKA in hospitalized patients with diabetes and CO-
VID-19 was 20%, but the study was limited because 
of the small number of patients3. New-onset diabe-
tes and severe complications of preexisting diabe-
tes have been observed in patients with COVID-194,5.

Diabetes is a frequently reported comorbidity in 
COVID-19 patients. Diabetes and obesity are risk 
factors for severe and critical forms of COVID-19 
requiring the use of invasive mechanical ventilation, 
with high mortality rates. COVID-19 is usually asso-
ciated with poor glycemic control and a high risk of 
ketoacidosis in people with diabetes. The characte-
ristics of people with diabetes who are at risk for 
developing severe and critical forms of COVID-19 
are still under investigation6.

Emerging evidence demonstrates an important di-
rect mechanistic link between metabolic/endocrine 
systems and the viral disease process. A possible me-
chanism of damage to the beta cell would be 

Figure 5. Chest X-ray on admission showing bilateral ground-glass 
opacities.
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different from the one observed in the context of 
T1DM, as it would be linked to the action of entero-
viruses and coxsackievirus as modulators of an immu-
ne response that ends up causing loss of beta-cell 
function. However, little information exists on whether 
coronaviruses affect the beta cell in this way7.

In a report of 4 autopsies of patients who died of 
SARS (caused by SARS-CoV-1), the pancreas speci-
mens from 3 of 4 of the patients showed the pre-
sence of SARS-CoV-1 viral particles in 1-24% of the 
cells by immunohistochemistry, showing that other 
betacoronaviruses can infect the human pancreas8. 
More recently, Yao et al.9 reported the presence of 
SARS-CoV-2 in the pancreatic tissue of a patient at 
autopsy.

This presence of coronavirus in endocrine pancreas 
cells would explain what was observed during the 
SARS-CoV-1 epidemic:  people with nondiabetes 
who never had been treated with corticosteroids 
presented hyperglycemia during hospitalization. In 
the same group of patients over a 3-year follow-up, 
only 5% of these patients maintained a diabetic sta-
tus10. From these data, it can be inferred that SARS-
CoV-2 damage to beta cells is temporary and is as-
sociated with blunt insulin production or secretion.

The interactions between SARS-CoV-2 and the re-
nin-angiotensin-aldosterone system (RAAS) might 
provide another mechanism of the pathophysiolo-
gy of DKA in COVID-19 patients. Angiotensin-con-
verting enzyme 2 (ACE2), a key enzyme in the RAAS, 
is encoded by a gene on chromosome Xp2211. ACE2 
catalyzes the conversion of angiotensin II (Ang II) to 
angiotensin 1-7, which protects against the delete-
rious circulatory effects of Ang II. ACE2 is highly 
expressed in the lungs, heart, vasculature, kidney, 
gut, and pancreas and serves as the entry point for 
SARS-CoV-2. In the human pancreas, ACE2 is highly 
expressed in endocrine tissue, providing an entry 
point for SARS-CoV-2.

After endocytosis of the virus complex, ACE2 ex-
pression is downregulated, and the destruction of 
ACE2 is upregulated by a surface protein called di-
sintegrin and metalloproteinase 17 (ADAM17), 
which is activated by 3 simultaneous mecha-
nisms: excess Ang II, endocytosed SARS-CoV-2 spike 
proteins, and tumor necrosis factor receptor, 

leading to a disbalance of the RAAS with more Ang 
II11. The excess of Ang II in the pancreas generates 
local vasoconstriction, which affects the first phase 
of insulin secretion, and this secretory mechanism 
could also be affected by the intracellular action of 
Ang II12.

Two factors might contribute to the acute worse-
ning of pancreatic beta-cell function and precipita-
te DKA: (1) entry of SARS-CoV-2 into pancreatic islet 
cells may directly aggravate beta-cell injury10,13 and 
(2) downregulation and destruction of ACE2 after 
viral entry can lead to unopposed angiotensin II 
effects, which may temporarily impede insulin se-
cretion12.

The relationship between SARS-CoV-2 and the 
RAAS can complicate DKA management. Excessive 
fluid resuscitation may potentiate ARDS, as angio-
tensin II increases pulmonary vascular permeability 
and worsens damage to the lung parenchyma14. 
Furthermore, angiotensin II stimulates aldosterone 
secretion, raising the risk of hypokalemia, which 
may necessitate more potassium supplementation 
to continue intravenous insulin to suppress ketoge-
nesis5.

Recently, Coate et al.15 addressed the fundamental 
question of whether SARS-CoV-2 cell entry machi-
nery is present in beta cells of human pancreatic 
tissue. By examining pancreatic ACE2 and trans-
membrane serine protease 2 (TMPRSS2) expression 
in normal donors and in those with diabetes, they 
found that (1) neither protein is detectable in alpha 
or beta cells; (2) ACE2 is primarily expressed in the 
islet and exocrine tissue capillaries, and a subset of 
ductal cells whereas TMPRSS2 is primarily expressed 
in ductal cells; (3) ACE2 and TMPRSS2 protein ex-
pression and distribution appear similar in normal 
donors and T2DM pancreas; and (4) ACE2 and TM-
PRSS2 are infrequently co-expressed in pancreatic 
ducts. Together, these mRNA and protein data do 
not support the hypothesis that SARS-CoV-2 can 
bind and infect islet alpha or beta cells and lead to 
cytotoxicity, causing their demise and eliciting new-
onset diabetes. These results indicate that the im-
pact of SARS-CoV-2 on glucose homeostasis is likely 
mediated by systemic inflammation or changes in 
organs such as liver, muscle, or adipose tissue.
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Cytokine storm is an umbrella term encompassing 
several disorders of immune dysregulation characte-
rized by constitutional symptoms, systemic inflam-
mation, and multiorgan dysfunction that can lead to 
multiorgan failure if inadequately treated. The onset 
and duration of cytokine storm vary, depending on 
the cause. Nearly all patients with cytokine storm are 
febrile, and the fever may be high grade in severe 
cases. The laboratory findings in cytokine storm are 
variable and influenced by the underlying cause. 
Non-specific markers of inflammation such as C-reac-
tive protein are universally elevated and correlate 
with severity. Many patients have various blood-cou-
nt abnormalities, such as leukocytosis, leukopenia, 
anemia, thrombocytopenia, and elevated ferritin and 
D-dimer levels. Prominent elevations in serum inflam-
matory cytokine levels, such as interferon-γ (IFNγ), 
interleukin-6 (IL-6), interleukin-10, and soluble inter-
leukin-2 receptor alpha, a marker of T-cell activation, 
are usually present. Cytokine storm is not a diagnosis 
of exclusion, and it can encompass many disorders. 
Given the lack of a unifying definition for cytokine 
storm and disagreement about the distinction bet-
ween cytokine storm and a physiologic inflammatory 
response, were proposed the following three criteria 
for identifying cytokine storm: elevated circulating 
cytokine levels, acute systemic inflammatory symp-
toms, and either secondary organ dysfunction (often 
renal, hepatic, or pulmonary) due to inflammation 
beyond that which could be attributed to a normal 
response to a pathogen (if a pathogen is present), or 
any cytokine-driven organ dysfunction (if no patho-
gen is present)16.

Although the mechanisms of lung injury and mul-
tiorgan failure in COVID-19 are still under investiga-
tion, reports of hemophagocytosis and elevated 
cytokine levels in affected patients, particularly tho-
se who are the most severely ill, suggest that cyto-
kine storm may contribute to the pathogenesis of 
COVID-19. Serum cytokine levels that are elevated 
in patients with COVID-19 associated cytokine 
storm include interleukin-1b, IL-6, interferon-indu-
cible protein 10, tumor necrosis factor, IFNγ, ma-
crophage inflammatory protein 1a and 1b, and vas-
cular endothelial growth factor17.

Compared with patients without diabetes, indivi-
duals with diabetes showed higher elevations in the 

concentrations of IL-6, ferritin, C-reactive protein, 
and D-dimer foreshadowing a raging cytokine storm 
and a hypercoagulable state with rapid deteriora-
tion. The rapidly evolving renal failure, hypotension, 
pressor and steroid use, and variable nutritional 
support further complicates their management18.

In human monocytes, elevated glucose levels di-
rectly increase SARS-CoV-2 replication and glycoly-
sis sustains SARS-CoV-2 replication through the 
production of mitochondrial reactive oxygen spe-
cies (ROS) and activation of hypoxia-inducible fac-
tor 1α. Therefore, hyperglycemia might support vi-
ral proliferation19.

Of note, glycemic deterioration is a typical compli-
cation of COVID-19 in patients with impaired gluco-
se regulation or diabetes mellitus. In patients requi-
ring insulin, SARS-CoV infection was associated with 
a rapidly increasing need for high doses of insulin 
(often approaching or exceeding 100 IU per day)20.

SARS-CoV-2 leads to increased levels of inflamma-
tory mediators in the blood, including lipopolysac-
charide, inflammatory cytokines, and toxic metabo-
lites. Modulation of natural killer cell activity 
(increased or decreased) and IFNγ production in-
crease the interstitial and/or vascular permeability 
for pro-inflammatory products. In addition, infec-
tion with SARS-CoV-2 leads to increased ROS pro-
duction. These effects lead to lung fibrosis, acute 
lung damage, and ARDS. ROS production and viral 
activation of the RAAS (through increased angio-
tensin II expression) cause insulin resistance, hyper-
glycemia, and vascular endothelial damage, all of 
which contribute to cardiovascular events, throm-
boembolism, and disseminated intravascular coa-
gulation (DIC). Infection also causes increases in the 
clotting components fibrinogen and D-dimer lea-
ding to increases in blood viscosity and vascular 
endothelial damage, and associated cardiovascular 
events, thromboembolism, and DIC19.

Also known as CD26, dipeptidyl peptidase 4 (DPP4) 
is well recognized to have an important function in 
glucose homeostasis. In addition, DPP4 has an inte-
gral role in the immune system as a marker of acti-
vated T lymphocytes and a regulator of the expres-
sion of many chemokines, including CCL5, CXCL12, 
CXCL2 (also known as GRO-b) and CXCL11 (also 
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Table 1. Clinical characteristics of patients presenting with diabetic ketoacidosis

Variable Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age- yr 61 53 55 40 55
Sex Male Male Male Male Male
Schooling- yr 3 12 9 6 9
Body mass index – kg/m2 25 33.1 38.2 26 29.7
Medical history Diabetes, former 

alcohol user
Diabetes Diabetes, former 

alcohol user
Diabetes Diabetes, 

undiagnosed 
hypertension

Medications Metformin 
(1700 mg daily), 
Glibenclamide 
(5 mg daily)

Insulin glargine 
(10 UI daily), 
metformin 
(1700 mg daily)

Metformin 
(1700 mg daily)

Metformin 
(1700 mg daily)

Metformin 
(1700 mg daily)

Time to presentation- days 3 3 4 7 7
Signs and symptoms of DKA Polydipsia, dry 

mucous 
membranes, 
tachycardia, 
Kussmaul 
breathing, 
glucosuria

Polydipsia, nausea, 
dry mucous 
membranes, 
tachycardia, 
glucosuria

Polydipsia, dry 
mucous 
membranes, 
tachycardia, 
Kussmaul 
breathing, 
glucosuria

Polydipsia, dry 
mucous 
membranes, 
tachycardia, 
Kussmaul 
breathing, 
glucosuria

Polydipsia, dry 
mucous 
membranes, 
tachycardia, 
glucosuria

COVID-19 symptoms Fever, dyspnea, 
cough, lethargy

Fever Fever, cough, 
headache, lethargy, 
sore throat

Fever, dyspnea, 
sore throat

Fever, dyspnea, 
cough, headache, 
lethargy

Findings on chest X-ray Bilateral ground-
glass opacities 
with bilateral 
patchy shadowing

Bilateral ground-
glass opacities 
with bilateral 
infiltrates

Bilateral ground-
glass opacities 
with infiltrates

Bilateral ground-
glass opacities

Bilateral ground-
glass opacities

Treatment for DKA Intravenous 
sodium chloride 
0.9% solution, 
intravenous 
insulin infusion, 
ceftriaxone 
(2 g daily) and 
azithromycin 
(500 mg daily)

Intravenous 
sodium chloride 
0.9% solution, 
intravenous 
insulin infusion, 
potassium 
replacement, 
ceftriaxone 
(2 g daily) and 
clarithromycin 
(1 g daily)

Intravenous 
Hartmann 
solution, 
intravenous 
insulin infusion, 
ceftriaxone 
(2 g daily) and 
azithromycin 
(500 mg daily)

Intravenous 
sodium chloride 
0.9% solution, 
intravenous 
insulin infusion, 
potassium 
replacement, 
ceftriaxone 
(2 g daily) and 
clarithromycin 
(1 g daily)

Intravenous 
sodium chloride 
0.9% solution, 
intravenous 
insulin infusion, 
potassium 
replacement, 
ceftriaxone 
(2 g daily) and 
clarithromycin 
(1 g daily)

Maximum insulin infusion rate 12 U/ hour 10 U/hour 9 U/hour 14 U/hour 11 U/hour
Maximum temperature on 
hospitalization-°C

40 40.8 39 39 38.9

Complications on hospitalization Shock, AKI, ARDS ARDS ARDS ARDS ARDS
Outcome status Intubated and 

sedated, death at 
Day 2

Intubated and 
sedated, death at 
Day 3

Intubated and 
sedated, death at 
Day 2

Intubated and 
sedated, death at 
Day 9

Intubated and 
sedated, death at 
Day 8

Scores at admission

NEWS2 7 9 7 8 6
MuLBSTA 11 7 9 9 6
PORT-PSI 146 103 135 50 75

(Continued)
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Variable Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

SMART-COP 6 6 5 5 3
SCAP 16 20 32 5 6
SOFA 3 2 6 2 2
APACHE-II 15 8 16 2 7
Pneumonia severity (ATS 2019) Severe Severe Severe Nonsevere Nonsevere

Arterial blood gas

pH 7.23 7.25 7.16 7.20 7.26
Bicarbonate (mmol/L) 10.5 13.9 6.1 10.8 13
PaO2 mmHg 35 42 57 63 38
PaCO2 mmHg 25 24 17 17 23
PaO2/FiO2 mmHg 166 200 274 300 180
Lactate mmol/L 1.2 0.9 1 0.8 1.1

Laboratory tests

White cell count- mm3 22000 15600 16800 9800 6500
Neutrophil count- mm3 21400 13800 15300 8500 5100
Monocyte count- mm3 1200 800 800 500 500
Lymphocyte count- mm3 300 1000 600 800 800
Platelet count, mm3 277000 202000 206000 359000 400000
Hemoglobin – g/dL 16.9 16.4 15.9 14 15
Venous glucose- mg/dL 381 324 376 273 354
Sodium- mEq/L 132 135 136 131 132
Chloride- mEq/L 103 98 102 93 101
Potassium – mEq/L 5.8 4.1 5.3 4 4.9
Anion gap 18.5 23 27.9 27.2 18
Urine ketones – mg/dL 150 100 150 100 150
Creatinine – mg/dL 1.5 0.72 3.67 0.61 0.8
D-dimer, ng/mL 3400 3580 3580 1170 1160
Lactate dehydrogenase, U/L 424 1007 906 433 510
Alanine aminotransferase, U/L 25 35 23 27 34
Aspartate aminotransferase, U/L 54 25 10 35 43
Total bilirubin, mg/dL 0.5 0.6 1.2 1.2 0.7
C-reactive protein, mg/dL 34.5 13.9 31.8 53.1 13.49
Procalcitonin, ng/dL 6 0.2 0.5 0.5 0

Reference ranges: White cell count, 4,600 to 10,200/mm3; neutrophil count, 2,000 to 6,900/mm3; monocyte count, 0 to 900/mm3; lymphocyte count, 600 to 3,400/mm3; 
platelet count, 142,000 to 424,000/mm3; hemoglobin, 12.2 to 18.1 g/dL; venous glucose, 70 to 110 mg/dL; arterial blood pH, 7.35 to 7.45; arterial blood bicarbonate, 22 
to 28 mmol/L; PaO2, 83 to 108 mmHg; PaCO2, 35 to 45 mmHg; PaO2/FiO2, 400 to 500 mmHg; sodium, 136 to 145 mEq/L; chloride, 95 to 110 mEq/L; potassium, 3.5 to 5.3 
mEq/L; anion gap, 8 to 16; urine ketones, < 5 mg/dL; creatinine, 0.8 to 1.4 mg/dL; D-dimer, 0 to 400 ng/mL; lactate dehydrogenase, 100 to 170 U/L; alanine 
aminotransferase, 0 to 41 U/L; aspartate aminotransferase, 0 to 38 U/L; total bilirubin, 0.1 to 1 mg/dL; c-reactive protein, 0 to 0.7 mg/dL; procalcitonin, 0 to 5 ng/dL.
+Scores on the National Early Warning Score (NEWS) 2 range from 0 to 20, with higher numbers indicating continuous monitoring of vital signs, emergent assessment 
by a clinical/critical care and usually transfer to higher level of care.
+Scores on the MuLBSTA score range from 0 to 20, with higher numbers indicating more 90-day mortality from viral pneumonia.
+Scores on the Pneumonia Patient Outcomes Research Team/Pneumonia Severity Index (PORT/PSI) range from 0 to >130, with a number higher than 130 indicating 
more mortality from community-acquired pneumonia.
+Scores on the SMART-COP range from 0 to 11, with higher numbers indicating an increased risk for needing intensive respiratory or vasopressor support.
+Scores on the SCAP (Severe Community-Acquired Pneumonia) range from 0 to 59, with higher numbers indicating more severe community-acquired pneumonia, 
including inpatient mortality, septic shock, or need for mechanical ventilation.
+Scores on the SOFA (Sequential Organ Failure Assessment) range from 0 to 24, with higher numbers indicating more mortality.
+Scores on the APACHE (Acute Physiology and Chronic Health Evaluation) II range from 0 to 71, with higher numbers indicating more mortality.
+ We defined the degree of severity of COVID-19 (severe vs. nonsevere) at the time of admission using the American Thoracic Society guidelines for community-
acquired pneumonia.

Table 1. Clinical characteristics of patients presenting with diabetic ketoacidosis (continued)
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known as I-TAC). DDP4 inhibitors (DPP4is) are com-
monly used to decrease blood levels of glucose and 
to treat T2DM. Based on reports of upper respiratory 
tract infections, concerns have been raised about an 
increased risk of viral infections with DPP4 inhibi-
tion; however, evidence from clinical trials on the 
association between the use of DPP4is and the risk 
of community-acquired pneumonia in patients with 
T2DM does not confirm an increased risk19.

Although ACE2 is recognized as the main receptor, 
DPP4 might also bind to SARS-CoV-2. Certain poly-
morphisms of the DPP4 protein found in people in 
Africa were associated with a reduced chance of 
Middle Eastern respiratory syndrome coronavirus 
(MERS-CoV) infection. However, plasma levels of 
DPP4 in patients with MERS-CoV were statistically 
significantly reduced, suggesting a protective role 
of DPP4. Whether DPP4is affects the function of 
DPP4 as a viral receptor is a matter of debate21.

Interactions between DPP4 and the RAAS (including 
ACE2) have not been studied in detail but seem 
possible. DPP4 and the RAAS are linked genetically 
and are associated with the risk of SARS-CoV-2 in-
fection and possibly the severity of COVID-19, par-
ticularly in patients with diabetes mellitus. This link 
is supported by the findings that DPP4 expression 
was increased in blood T lymphocytes from patients 
with T2DM and was correlated with insulin resistan-
ce, and upregulation of DPP4 in diabetic animals led 
to dysregulation of immune responses. More speci-
fically, the receptor-binding domain of DPP4 inte-
racts with adenosine deaminase (ADA) in CD4+ and 
CD8+ human T cells. This finding indicates a possi-
ble modulation of the host’s immune system by 
SARS-CoV-2 through binding to DPP4 and compe-
ting for the ADA recognition site19.

The expression of DPP4 in the spleen, lung, liver, 
kidney, and some immune cells seems to be altered 
in patients with T2DM. Furthermore, DPP4 is not just 
a cell membrane protein but is shed into the circu-
lation as soluble DPP4. Whether soluble DPP4 might 
have a role as a virus receptor or is protective during 
SARS-CoV-2 infection is entirely unclear. In an in vi-
tro study, treatment with the DPP4is sitagliptin, vil-
dagliptin, or saxagliptin did not block the entry of 
coronaviruses into cells. More detailed studies are 

needed to fully characterize the role of DPP4is in 
patients with COVID-19 and T2DM19,22.

CONCLUSIONS

Literature about DKA precipitated by any coronavirus 
infection is limited. SARS-CoV-2 may aggravate pan-
creatic beta-cell dysfunction and precipitate DKA. In 
this cases series of male patients with T2DM, reluctan-
ce to present to the hospital, severe pneumonia, high 
C-reactive protein (29.35  ±  14.74 mg/dl), high white 
cell count (14,140  ±  5,444 mm3), high D-dimer 
(2578  ±  1155 ng/ml), high lactate dehydrogenase 
(656 ± 249 U/L), and BMI >25 Kg/m2 may have contri-
buted to their poor outcomes. We suggest that DKA 
in people with diabetes and SARS-CoV-2 infection is a 
frequent and lethal complication of diabetes mellitus.
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