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ABSTRACT

Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) or coronavirus disease 2019
(Covid-19), has uncontrollable effects on many
organs. A great number of previously published
scientific reports have revealed that patients
with diabetes mellitus face a more severe form
of Covid-19 with a higher death rate. Here we
present the case of a 13-year-old unvaccinated
boy who was admitted to an intensive care unit
(ICU) with a history of fever, cough, dyspnea,
throat pain, nausea, and confusion that pro-
gressed to lethargy after 24 h. On clinical

examination, he was in a coma with Kussmaul’s
breathing, and was anuric. His blood biochem-
ical analysis demonstrated hyperglycemia, sev-
ere metabolic acidosis, kidney failure,
electrolyte disturbances, and inflammation.
Chest x-ray showed pneumonia and a pleural
effusion. The results of the SARS-CoV-2 real-
time polymerase chain reaction were positive.
The patient was diagnosed with Covid-19-in-
duced acute respiratory distress syndrome asso-
ciated with multisystem inflammatory
syndrome in children secondary to his acute
respiratory failure, acute kidney injury, and
new-onset type 1 diabetes mellitus with diabetic
ketoacidosis. He was intubated for invasive
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mechanical ventilation and received a normal
saline infusion and continuous insulin infusion
(0.1 IU/kg/h) for the treatment of his diabetic
ketoacidosis. He was also treated with methyl-
prednisolone, aspirin, and heparin, and under-
went continuous renal replacement therapy for
acute renal failure for 9 days. The patient was
discharged from ICU on day 16 and was fol-
lowed up regularly as an outpatient with daily
treatment, including subcutaneous insulin
injection (30 IU/day) and a calcium channel
blocker for hypertension (nifedipine
20 mg/day).

Keywords: Acute respiratory distress
syndrome; ARDS; SARS-CoV-2; Covid-19;
Continuous renal replacement therapy;
Ketoacidosis; Diabetes mellitus

Key Summary Points

Evidence-based diagnosis and treatment of
acute respiratory distress syndrome
(ARDS) associated with multiple systemic
inflammatory syndrome in children (MIS-
C) related to Covid-19 is still limited.

Ketoacidosis coma might be at the onset of
Covid-19-induced diabetes in children
associated with ARDS.

Early diagnosis of ARDS and ketoacidosis
in children with Covid-19 is very
important for starting the appropriate
treatment.

Invasive mechanical ventilation combined
with conventional treatment for MIS-C is
crucial for patient recovery.

INTRODUCTION

The coronavirus disease 2019 (Covid-19) pan-
demic, caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has
triggered an unprecedented global emergency.

Covid-19 has uncontrollable effects on many
organs. Since the start of this pandemic, a great
number of published scientific reports have
revealed that patients with diabetes mellitus
face a more severe form of Covid-19 with a
higher death rate [1]. Interestingly, ‘‘new-onset’’
hyperglycemia and ‘‘new-onset’’ diabetes melli-
tus are now identified as possible consequences
of Covid-19, particularly among hospitalized
children and adults [2, 3]. Moreover, clinical
manifestations of Covid-19 are significantly
different between age groups [4]. Adults develop
respiratory symptoms, which can proceed to the
most severe form of acute respiratory distress
syndrome (ARDS), while children are largely
immune to respiratory illness, but can develop
multisystem inflammatory syndrome-in-chil-
dren (MIS-C) [5, 6] that may rapidly progress to
multiorgan failure and be life-threatening [7].
Children with MIS-C often present with persis-
tent fever (100%), gastrointestinal symptoms
(84%), cardiac abnormalities (75%), neurologi-
cal symptoms (26–56%), respiratory symptoms
(12–34%), and acute kidney injury (18.2%) [8].
Most reported cases illustrate that patients with
MIS-C were admitted to the hospital with car-
diac and gastrointestinal problems [8]. In this
case report, we describe the clinical course and
follow-up of a 13-year-old child with severe
MIS-C secondary to Covid-19 with acute kidney
injury, confusion, pneumonia, diabetic
ketoacidosis (DKA), and new-onset type 1 dia-
betes mellitus.

CASE REPORT

Here we present the case of a 13-year-old male
who was admitted to an intensive care unit
(ICU), referred to as Covid-19 Unit of Phu
Chanh, Binh Duong General Hospital, Binh
Duong Province, Vietnam, at the end of Octo-
ber 2021, with a 2-day medical history of fever,
cough, dyspnea, throat pain, nausea, and con-
fusion that progressed to lethargy after 24 h. He
had no medical history of chronic diseases
during his childhood. Before being ill, he did
not have any medical history of diabetes or
neurological disorders. He had not received the
Covid-19 vaccine yet. There was no family
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history of diabetes; however, his father had
been diagnosed with Covid-19 previously. In
the ICU, the patient’s initial vital signs were a
temperature of 38.5 �C, heart rate of 140 beats
per minute, blood pressure of 90/40 mmHg,
respiratory rate of 50 breaths per minute, and
oxygen saturation of 99% via nasal cannula at
6 L/min. On clinical examination, he was in a
coma, unresponsive to pain and stimulation,
with Glasgow score of 7, positive pupillary
reaction, Kussmaul’s breathing, and was anuric.
He did not have any skin infection nor other
source of infection. His weight was 50 kg,
height 154 cm, and body mass index (BMI)
21.1 kg/m2 (50% percentile for age).

His blood biochemical analysis demon-
strated hyperglycemia, severe metabolic acido-
sis, kidney failure, electrolyte disturbances, and
inflammation (Table 1). Chest x-ray showed a
mild pneumonia (Fig. 1). Abdominal ultrasound
revealed free fluid in the abdomen and scrotum.
Echocardiogram demonstrated normal cardiac
muscle, valves, ejection fraction, and wall
motion. Brain computed tomography (CT) scan
was also normal. An electrocardiogram showed
sinus tachycardia, with a rate of 150 beats per
minute. The result of a SARS-CoV-2 real-time
polymerase chain reaction (RT-PCR) was
positive.

The patient was diagnosed with Covid-19-
induced acute respiratory distress syndrome
associated with MIS-C secondary to his acute
respiratory failure, acute kidney injury (AKI),
suspected brain injury, and new-onset type 1
diabetes mellitus with DKA secondary to b-cell
injury. He was intubated for invasive mechani-
cal ventilation to assure respiratory function
with the following parameters: ventilatory
mode, pressure control; FiO2, 55%; positive end
expiratory pressure (PEEP) 14 cm H2O; respira-
tory rate, 20 times per minute. Midazolam and
rocuronium were prescribed for preventing
mechanical ventilatory desynchrony. The
patient received a normal saline infusion
(3000 mL/24 h) combined with potassium
chloride 10% (40 mL/24 h) for 2 days and con-
tinuous insulin infusion (0.1 IU/kg/h) for the
treatment of DKA. He was also treated with
pulse doses of methylprednisolone therapy for
3 days, and then changed to

methylprednisolone 2 mg/kg/day for 5 days as
recommended locally for treating Covid-19. In
addition, he received aspirin for his MIS-C,
heparin for preventing coagulation, and an
antibiotic for preventing ventilator-associated
pneumonia. He also underwent continuous
renal replacement therapy (CRRT) for acute
renal failure for 9 days. On day 6, the patient
was woken and extubated from invasive
mechanical ventilation, transferred to high-
flow nasal cannula, followed by conventional
oxygen therapy over the following days. His
urine increased from 50 ml per day from day 8
to over 2000 ml per day on day 12. By day 10,
his vital signs normalized with a Glasgow score
of 14, body temperature of 37 �C, SpO2 of 97%
on room air; his hemodynamic parameters sta-
bilized; and his biochemical blood testing was
nearly normal, except for his renal functional
parameters (Table 1 and Fig. 2). The patient was
discharged from the ICU on day 16 and was
followed up regularly as an outpatient with
daily treatment, including subcutaneous insulin
injection (30 IU/day) and a calcium channel
blocker for hypertension (nifedipine
20 mg/day). Currently, the patient has been in a
good health status and seen regularly in Out-
patients Department of Binh Duong General
Hospital every month for his new onset of type
1 diabetes during post-Covid-19 period. Written
informed consent was obtained from the
patient’s parents for the publication of clinical
details.

DISCUSSION

The Covid-19 pandemic poses a significant risk
to both adults and children. Although children
were initially considered less likely to be affec-
ted by SARS-CoV-2, MIS-C is a recently recog-
nized manifestation in children associated with
coronavirus SARS-CoV-2 infection with a pro-
ven higher mortality rate [9]. The US Centers for
Disease Control and Prevention (CDC) has
provided a case definition of MIS-C, which
includes patients under 21 years of age with
fever ([38.0 �C for C 24 h, or report of subjec-
tive fever lasting C 24 h), laboratory evidence of
inflammation (with one or more of the
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Table 1 Laboratory data of patient before and after treatment MIS-C

Variables Reference range Patient’s value
Before
treating MIS-C

Patient’s value
After
treating MIS-C

Difference
(%)

White blood cells (109/L) 4–11 23.7 8.7 92.59 ;

Neutrophil (%) 45–75 75.3 65.7 13.62 ;

Lymphocyte (%) 20–45 20.7 19.56 5.66 ;

Red blood cell (1012/L) 3.8–6.3 3.49 3.84 9.55 :

Hemoglobin (g/dL) 12–18 10.2 15.3 40.00 :

Hematocrit (%) 37–52 31.6 44.6 34.12 :

Platelet (109/L) 140–500 197 289 37.86 :

CRP (mg/dL) \ 1 3.01 1.37 74.89 ;

Pro-calcitonin (ng/ml) \ 0.05 2.99 0.095 187.68 ;

Ferritin (ng/ml) 23.9–336.2 523.8 246.1 72.14 ;

Albumin (g/L) 35–52 25.1 28.9 14.07 :

Lactate (mmol/L) 0.5–22 0.4 1.28 104.76 :

LDH (U/L, 37 �C) \ 247 299.71 225.3 28.35 ;

Urea (mmol/L) 2.8–7.2 11.13 18.8 51.25 :

Creatinine (lmol/L) 72–127 187.91 275.06 37.65 :

eGFR (mL/min/1.73 m2) [ 60 46.29 73.21 45.05 :

Glucose (mg/dL) 70–110 296 142 70.32 ;

HbA1c (%Hb) \ 5.7 13.0 9.7 29.07 ;

pH 7.35–7.45 6.82 7.44 8.70 :

PaCO2 (mmHg) 35–45 24 33 31.58 :

PaO2 (mmHg) 80–100 169

(with FiO2 of 30%)

90

(with FiO2 of 21%)

61.00 ;

HCO3
- (mmol/L) 18–23 3.9 22.4 140.68 :

BE- (mmol/L) -2 to ?3 -29.8 -1.1 185.76 :

Serum ketone (mg/dL) Negative 40 0 200 ;

D-dimer (lg/mL) \ 0.5 6.42 3.91 48.60 ;

Fibrinogen (g/L) 1.5–4 5.9 2.14 93.53 ;

PT (%) [ 70 74 96 25.88 :

APTT (s) 10–16 33.5 28.6 15.78 ;

Sodium (mmol/L) 135–145 134 137 2.21 :
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following: elevated C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), fibrino-
gen, procalcitonin, D-dimer, ferritin, lactic acid
dehydrogenase (LDH), or interleukin 6 (IL- 6),
elevated neutrophils, reduced lymphocytes, and
low albumin), severe illness needing hospital-
ization, and involvement of two or more organ
systems (cardiac, renal, respiratory, hemato-
logic, gastrointestinal, dermatologic, or neuro-
logical), with a positive test for SARS-CoV-2
indicating current or recent infection or Covid-
19 exposure; and no other alternative plausible
diagnoses [10]. Our patient had a 24 h fever and
multisystem illness (lung, kidney, suspected
brain injury, and injured b-cells-induced dia-
betes), as well as elevated inflammatory markers
such as increased neutrophils and CRP, and
decreased albumin, consistent with the US CDC
case definition of MIS-C. In addition, RT-PCR
testing to detect SARS-CoV-2 infection was
positive.

Published data have illustrated that children
with Covid-19 can develop a life-threatening
multisystem inflammatory syndrome, but rarely

exhibit severe respiratory symptoms, and that
most reported patients were admitted to the
hospital for symptoms including diarrhea,
vomiting, abdominal pain, ventricular dys-
function, or coronary artery dilation [8, 11].
However, in our case, the patient was admitted
to the hospital with coma, DKA, and clinical
signs of acute kidney failure, including anuria,
and severe edema of the legs, hands, eyes,
abdomen, and a pleural effusion. Previous
studies demonstrated that most patients devel-
oped AKI on the first day of hospitalization and
the pathophysiology of Covid-19-induced AKI
might be related to local and systemic inflam-
matory and immune responses, endothelial
injury, activation of coagulation pathway, and
the renin–angiotensin system, or alternatively
direct viral infection of kidney tissue [12, 13].
Furthermore, severe disease, acute lung injury,
obesity, lower median left ventricular ejection
fraction, systolic dysfunction, inflammation,
and exposure to nephrotoxins also contribute
to Covid-19-related AKI [14]. In our patient with
acute Covid-19 and MIS-C, AKI appeared to be

Table 1 continued

Variables Reference range Patient’s value
Before
treating MIS-C

Patient’s value
After
treating MIS-C

Difference
(%)

Potassium (mmol/L) 3.5–5 2.9 4.5 43.24 :

Calcium (mmol/L) 1.1–1.6 1.17 1.05 10.81 ;

Magnesium (mmol/L) 0.77–1.33 0.82 0.84 2.41 :

AST (U/L, 37 �C) 0–50 38.18 23.14 49.05 ;

ALT (U/L, 37 �C) 0–50 15.8 12.78 21.13 ;

FT3 (pg/mL) 2.30–3.90 2.24 – –

FT4 (ng/mL) 0.61–1.12 0.63 – –

TSH (lIU/mL) 0.32–5.33 0.28 – –

Data presented as number and %
APTT activated partial thromboplastin time; AST aspartate aminotransferase; ALT alanine aminotransferase; CRP C-re-
active protein; eGFR estimated glomerular filtration rate; FiO2 fraction of inspired oxygen; FT3 free triiodothyronine; FT4
free thyroxine; HbA1C hemoglobin A1c; LDH lactate dehydrogenase; MIS-C multisystem inflammatory syndrome in
children; PT prothrombin time; TSH thyroid stimulating hormone
*With FiO2
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related to inflammation, as evidenced by a high
neutrophil/lymphocyte rate, and increased
inflammatory biomarker levels (Table 1).

Obviously, DKA is a serious complication of
diabetes that can be life-threatening, and
unfortunately we suspect delays in the diagno-
sis and care of DKA has not been uncommon
during the Covid-19 pandemic. In our report,
the patient was diagnosed with DKA on the
basis of the typical clinical symptoms, such as
Kussmaul’s breathing, loss of consciousness,
biochemical features [blood glucose higher
than C 200 mg/dL, arterial pH of\ 7.3 and
bicarbonate (HCO3) level \15 mmol/L] and
ketonemia (Table 1). DKA is serious complica-
tion due to a lack of total or partial insulin
deficiency that is most commonly encountered
in patients with type 1 diabetes mellitus [13].
Type 1 diabetes may develop secondary to
autoimmune destruction of insulin-producing
b-cells in the pancreas [15, 16]. In his medical
history, our patient did not have any health
problems before being infected by Covid-19. We
attributed his new-onset DKA and type 1 dia-
betes to Covid-19-induced autoimmune pan-
creatitis, leading to the destruction of b-cells.

Although genetic predisposition is important in
the development of type 1 diabetes mellitus,
infections are also important in the pathogen-
esis of autoimmune type 1 diabetes mellitus. It
is speculated that antibodies against SARS-CoV-
2 may trigger an inflammatory process that
impacts b-cell function and potentially leads to
hastened b-cell death and the onset of diabetes
[17].

In our case report, the patient was in a
comatose state that appears to be secondary to
DKA-induced cerebral edema, rather than brain
injury from the virus. Because of his mental
status, he required invasive mechanical venti-
lation for airway protection. Although the pos-
sibility of SARS-CoV-2 infecting the central
nervous system directly is still disputed, owing
to the very low level of angiotensin-converting
enzyme 2 (ACE-2) expression in the brain,
human brain gene expression and immunohis-
tochemistry have revealed that SARS-CoV-2
could infiltrate into the hypothalamus [18].
Interestingly, neuroimaging in children with
neurologic manifestations has demonstrated
only a low prevalence of acute encephalitis in
MIS-C associated with Covid-19 [19, 20]. Our

Fig. 1 Chest x-ray imaging with pneumonia at admission. The presence of diffused and bilateral infiltration in lung
parenchyma of reported patient with acute respiratory distress syndrome
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patient had a normal brain CT scan, and a total
recovery from his coma without any neurologic
sequela, suggesting his mental status changes
were from DKA. Furthermore, low levels of
serum albumin, calcium, and potassium were
also found in our patient with Covid-19-in-
duced MIS-C. It has been suggested that
increased capillary permeability, secondary to
SARS-CoV-2-induced MIS-C, might be respon-
sible for the reduction of serum albumin, and
thus calcium [14]. In addition, the consequence
of Covid-19’s protein S binding to ACE-2
receptor might reduce angiotensin-2 degrada-
tion, leading to an increase of aldosterone,
causing renal potassium loss, and finally leading
to hypokalemia [17].

Although the first cases of multisystem
inflammatory syndrome in children (MIS-C)
and adults (MIS-A) have been reported previ-
ously [21, 22], the prevalence of MIS-C and
MIC-A related to Covid-19 has not been well

established [23]. These reports showed that
there was a diversity of clinical manifestation of
MIS across age groups: MIS-C with mucocuta-
neous lesions was more frequent in young
children and myocarditis and gastrointestinal
symptoms were more common in older chil-
dren, while MIS-A usually had gastrointestinal
complications [21, 22]. Until now, ARDS due to
Covid-19 associated with MIS-C or MIS-A and
diabetes has still been rare.

The treatment of MIS-C is often difficult and
has required combination therapies. In our case
report, the patient underwent continuous renal
replacement therapy, owing to ARI with anuria,
metabolic acidosis, and uremia. In addition, the
patient was given a pulse dose of methylpred-
nisolone in association with aspirin for his MIS-
C. Although intravenous immune globulin has
been recommended in some studies, we did not
use it in our patient since the beneficial effect of
intravenous immune globulin in Covid-19-

Fig. 2 Laboratory, clinical findings, and treatment trends
during hospitalization. Modification of urine volume,
glomerular filtration, conscious status, and treatment of
acute respiratory distress syndrome during patients’

hospitalization. eGFR estimated glomerular filtration rate;
RASS Richmond agitation sedation scale; GCS Glasgow
coma scale; CRRT continuous renal replacement therapy;
HFNC high-flow nasal cannula
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induced MIS-C has not been clearly demon-
strated [24]. In our case report, the treatment of
DKA with fluid resuscitation using 0.9% saline,
0.45% saline, infused insulin, and correction of
the electrolyte disturbances was performed as
per recommendations [25]. As noted above,
Covid-19-induced MIS-C with ARI, DKA, and
new onset of type 1 diabetes has rarely been
reported in children; however, making the
diagnosis and instituting aggressive and indi-
vidualized therapy can prevent loss of life.

The patient was discharged from hospital
after 16 days in the ICU fully conscious and
clinically stable, with full recovery from his
respiratory failure, and with improved inflam-
matory biomarkers. His renal function has not
fully recovered, but improved, and he has con-
tinued to require treatment of his new-onset
diabetes with insulin, and also treatment of his
hypertension with a calcium channel blocker.
Six months after his discharge, the patient has
returned to normal life and been followed in the
long-Covid-19 clinic for his diabetes and
hypertension.

Finally, the main limitation of this case
report is related to a lack of clarity to effectively
estimate a lag following initial Covid-19 infec-
tion with the presumably autoimmune MIS-C
syndrome as demonstrated previously [26].
Although the diagnosis of MIS-C in our case
report was based significantly on clinical man-
ifestations and inflammatory biomarkers, the
alternative diagnosis in favor of acute Covid-19
is still debatable.

CONCLUSION

MIS-C related to Covid-19 with ARDS remains
an uncommon clinical manifestation, especially
when it is complicated with COVID-19 new-
onset type 1 diabetes. Our case report is the first
case in Vietnam with the constellation of
Covid-19-induced multisystemic inflammatory
syndrome, respiratory failure, acute kidney
injury, and new-onset diabetes in an unvacci-
nated child, despite more than 1.8 million
people (0.8% children) having contracted
Covid-19 in Vietnam. Fortunately, the accurate
diagnosis and aggressive treatment saved the

life of our patient. Finally, in addition to lung
damage from Covid-19, the mechanism by
which SARS-CoV-2 (Covid-19) can damage the
kidney and pancreatic b-cells causing the long-
term consequence of renal failure and diabetes
needs to be further explored.
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