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Abstract
Background Diabetic ketoacidosis (DKA) is a serious complication of type 1 diabetes. A few studies have reported that 
COVID-19 is associated with the development of new-onset diabetes. Here, we present an infected child with new onset 
diabetes leading to DKA.
Case presentation A 10-year-old patient with respiratory distress admitted to the Emergency Department of our center. The 
patient’s COVID-19 Polymerase Chain Reaction (PCR) test was positive and also biochemical analyses confirmed that he 
had DKA. Despite standard initial treatments, ketoacidosis remained resistant; hence we prescribed oral bicarbonate (40 cc 
every 8 h) to treat the patient's refractory acidosis. Due to the patient’s improvement, he was discharged after 10 days (7 days 
in the PICU), receiving outpatient enoxaparin (for a week) and ongoing subcutaneous insulin.
Conclusion We report an interesting case of a child with COVID-19 infection precipitating presentation with new onset 
diabetes. Due to refractory acidosis, starting oral bicarbonate treatment after 2 days improved acidosis and tachypnea in the 
patient. The patient’s medical team suggest close biochemical monitoring, prescribing enoxaparin for high level of D-dimer, 
and ordering oral bicarbonate acidosis persists.
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Introduction

In late December 2019, the novel coronavirus was discov-
ered in Wuhan City, which is the 11-million-population capi-
tal of Hubei Province, China [1]. The severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is the disease 
called as COVID-19 by the World Health Organization [2]. 
A number of previous studies reported a bidirectional rela-
tionship between SARS-CoV-2 and the onset of diabetes 
[3]. Although diabetes is prevalent worldwide, healthcare 
professionals are worried about this new pandemic’s con-
sequences regarding diabetes [4]. While it has been shown 
that persons with diabetes (PWD) are considered as high 
risk population for developing complications [5]; herein, 

we presented a young patient with new onset diabetes after 
SARS-CoV-2 infection.

Recently, evidence showed that an association may exist 
between diabetes and higher risk of COVID-19 infection 
and the increased mortality rate [6]. On the other hand, in 
some people infected with COVID-19, new-onset diabetes 
has been reported and in some others, severe metabolic 
complications occurring in PWD have been observed [7–9]. 
Therefore, it can be said that there is a bidirectional relation-
ship between diabetes and COVID-19. Herein, we presented 
a child with new onset diabetes infected with COVID-19.

Case report

A 10-year-old male patient with respiratory distress was 
admitted to the Emergency Department (ED), Shahid Sad-
oughi Hospital, Yazd. In his medical history, polyuria and 
polydipsia were reported since ten days before the admission 
time. Moreover, he had vomiting since three days prior to 
the admission. In his family history, his mother’s COVID-
19 PCR test was reported as positive two weeks ago and she 
had a history of hypothyroidism and gestational diabetes 
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mellitus. Of note, the patient’s other family members had 
no history of type 1 diabetes mellitus (T1DM), coeliac, thy-
roiditis or other associated autoimmune diseases. He was 
referred to the ED due to tachypnea, deep breathing, drowsi-
ness, and no response to dextrose saline serum as the outpa-
tient therapy. As well, clinical examinations and vital signs 
were as follows: RR: 55, PR: 80, BP: 95/45, T: 37.8,  O2 Sat: 
97%, weight: 52 kg, height: 135 cm, and body mass index 
(BMI): 28.53 kg/m2. All the physical examinations were nor-
mal except the chest exam. The patient had tachypnea with 
deep respiration, and he was using his respiratory acces-
sory muscles. Of note, chest auscultation and other physical 
examinations were normal. Chest X-ray showed no abnor-
mality. The patient was admitted under the impression of dia-
betic ketoacidosis (DKA). The initial laboratory data (with 
normal range in parenthesis) showed a high Blood Sugar 
level (BS): 487 mg/dL (< 140), HbA1c: 7.2% (< 6.5%), pH: 
6.7 (7.35–7.45), Bicarbonate  (HCO3): 4.2 mEq/L (22–26), 
Anti GAD65: negative, Insulin Antibody (Ab): negative, 
Carbon Dioxide  (pCO2): 21.7 mmHg (30–50), Urine Ketone: 
1 + , Sodium (Na): 128 mEq/L (134–145), Potassium (K): 
2.5 mEq/L (3.5–5.5), WBC: 11,400 /µL (3500–10,000), 
RBC: 6,100,000 /µL (3,600,000–6,100,000), Hemoglobin: 
15 gr/dL (11.5–18.8), PLT: 354 /mL (150–450), CRP: nega-
tive, Magnesium (Mg): 2.2 mg/dL (1.5–2.3), Phosphorus 
(P): 1.7 mg/dL (3.9–7.7), Blood Urea Nitrogen (BUN): 
90 mg/dL (5–18), and Creatinine (Cr): 0.6 mg/dL (0.7–1.4). 
Additionally, due to the patient’s contact with his mother, 
all the laboratory workups related to COVID-19 were done.

Based on the performed tests, diagnoses of both DKA 
and COVID-19 were confirmed. Initial normal saline serum 
(10 cc/kg/h) was applied to the patient at the admission time 
to the ED. Thereafter, he was transferred to the PICU. Con-
sidering receiving an outpatient serum, a 36-h serum (half 
saline) was calculated and then applied due to the patient's 
dehydration. In addition, the patient received serum K 
(50 mEq/L). Insulin (0.1 unit/kg/h) was also started from the 
second hour of his admission to the PICU. Despite expect-
ing an increase in  HCO3, the acidosis did not change during 
the first 4 h; therefore, the patient's IV line was checked 
again and a new vein was taken. After 8 h, acidosis was still 
observed to be resistant, so we decided to take the central 
vein for the patient. By passing 4 h, Cr began to increase 
and was reported as 2.5 (mg/dL). Despite the increase in 
Cr, the patient’s urine output remained normal (1.5 to 2 cc/
kg/h). Next, Remdesivir was suggested in the initial infec-
tious consultation, but due to the increased level of Cr and 
glomerular filtration rate (GFR) disorder, this medication 
was not given to him. D-dimer at the admission time was 9 
(μg/mL), so considering the positive result of COVID-19, 
enoxaparin was started at 20 mg/bd for the patient. D-dimer 
was checked every 48 h, which reached 7 (μg/mL), 3 (μg/
mL), and finally 2 (μg/mL). Because of hypophosphatemia, 

phosphorus therapy was started for the patient. During 
the control phase, P and K did not fall below 2.5 and 3.5 
(mEq/L), respectively. Moreover, Cr reached 2.5 (mg/dL), 
increased up to 3 (mg/dL), and then decreased to 2 (mg/
dL) after 3 or 4 days. Within 36 h, despite performing fluid 
and insulin therapy, the acidosis still continued (pH: 7.2, 
 HCO3: 9 (mEq/L)). Due to refractory acidosis and a low 
level of bicarbonate, we decided to give him oral bicarbo-
nate (at amount of 40 cc every 8 h). Consequently, it caused 
an increase in  HCO3 up to 12 (mEq/L) within 24 h. When 
pH increased up to 7.3, insulin was converted to subcutane-
ous (Sc). By passing 24 h from per-oral order, the patient’s 
serum was discontinued and only Sc insulin plus enoxaparin 
were given to him. After 48 h from the start of oral bicarbo-
nate,  HCO3 reached 15 (mEq/L) and oral bicarbonate was 
discontinued. Due to microscopic hematuria, a decreasing 
trend was observed in platelets during the course of the dis-
ease, as well as a decrease in GFR and increase in urea, cre-
atinine, and D-dimer levels. So, for rolling out renal throm-
bosis, renal vascular Doppler sonography was requested, 
which was normal.

The patient was hospitalized for 10 days (7 days at PICU 
and 3 days at ward). Due to the good condition and proper 
control of BS, the patient was then discharged under stable 
condition with no fever and good oral tolerance. At the time 
of discharge, Cr and d-dimer were calculated as 2 (mEq/L) 
and 2 (μg/mL), respectively, and the patient received outpa-
tient enoxaparin and Sc insulin. After one week follow up, 
d-dimer fell into 0.5 (μg/mL) and Cr into 0.7 (mEq/L), so 
enoxaparin was discontinued for him. It is noteworthy that 
the level of C-peptide was in the normal lower limit, which 
may cause a possible damage to the pancreas, so it was rec-
ommended to continue insulin subcutaneous and follow up 
for longer time.

Discussion

COVID-19 has increased mortality and morbidity rates in 
individuals with comorbidities, including diabetes mellitus 
(DM) [6]. Previous experiences during the severe acute res-
piratory syndrome coronavirus 1 (SARS-CoV-1) endemic 
showed that DM is frequently observed in patients with no 
history of both DM and glucocorticoid [10]. Moreover, new 
emerging evidence showed that exposure to COVID-19 
may be associated with new-onset DM and DKA in those 
individuals with no susceptibility to the impaired glucose 
metabolism [11, 12].

To the best of our knowledge, this is the first case of 
new onset diabetes and DKA in a child infected with 
COVID-19 in Iran. Abdi et al. in their study described 
new-onset diabetes with symptoms of DKA in a 3-year-
old Moroccan child infected with COVID-19. Similarly, 
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in their study, it was indicated that COVID-19 might be 
associated with atypical symptoms, including new-onset 
diabetes and DKA. Accordingly, they recommended that 
clinicians must be aware of that in children with blood 
glucose and HbA1c at the time of their admission during 
COVID-19 pandemic [13]. Moreover, a multicenter retro-
spective cohort study conducted in Saudi Arabia revealed 
that the implemented lockdown was significantly asso-
ciated with an increased frequency of new-onset T1DM 
and DKA in the population [14]. However, Salmi et al. in 
a cohort on Finnish children showed that the higher fre-
quency of new-onset T1D likely arises from the delays in 
its diagnosis, not because of SARS-CoV-2 infection [15]. 
Moreover, Ebekozien et al. in a multicenter study on 64 
T1DM patients who were confirmed or suspected cases 
of COVID-19, have reported that six patients presented 
with new-onset T1DM [16]. In another study by Unsworth 
et al., it was indicated that there is a considerable increase 
in the incidence of new T1DM in comparison with the 
condition before the COVID-19 pandemic [17]. Angio-
tensin-converting enzyme 2 (ACE2) receptors are known 
to be expressed in organs and cells, especially in pancre-
atic β-cells. Therefore, these receptors might be helpful 
in understanding the mechanism of SARS‐CoV-2 in new 
onset diabetes cases [18]. Of note, the pleiotropic altera-
tion of glucose metabolism caused by SARS-CoV-2 is not 
unexpected. Accordingly, this can consequently lead to 
new mechanisms of diabetes or complicate the pathophysi-
ology of preexisting diabetes. According to a previously 
performed research, COVID-19 can cause ketoacidosis 
[8]. In this regard, evidence related to the viral cause of 
ketosis-prone diabetes, including another type of Corona-
virus, reported that patients with SARS-COV-1 pneumonia 
considerably presented fasting glycaemia and acute-onset 
diabetes compared to those with non-SARS pneumonia 
[19]. Previous literature have shown that the SARS-CoV-1 
virus may have passed into pancreatic islet cells through 
the ACE2 receptors, leading to β-cell damage and new-
onset of diabetes. Thus, it is supposed that COVID-19 
virus may infect the human pancreatic beta cells through 
the ACE2 receptors [20]. As well, a recent study reported 
that COVID-19 precipitate insulin resistance in patients, 
causing chronic metabolic disorders that did not exist prior 
to their infection 21.

In our patient, due to negative autoantibodies and a 
normal lower limit of C-peptide, damage to the pancreas 
β-cells induced by the entrance of SARS-CoV-2 in pan-
creatic islet cells via the ACE2 receptors seems possible. 
So, the autoimmune mechanism possibility is ruled out. 
Besides, insulin resistance caused by COVID-19 infec-
tion is not unexpected in the affected patients. However, 
further studies are needed to confirm the mechanisms of 

the effect of COVID-19 on the development of diabetes 
or its complications among positive cases of COVID-19.

Conclusion

Herein, this is the first reported case of new onset diabetes 
and DKA in a child infected with COVID-19 in Iran. In this 
case, refractory acidosis was treated with serum, insulin, and 
oral bicarbonate therapy. Due to the fact that bicarbonate 
treatment in DKA causes cerebral edema, bicarbonate was 
not started for the patient within the first 48 h. But, due to 
refractory acidosis, by starting oral bicarbonate treatment 
after 2 days, acidosis and tachypnea have improved in the 
patient. The patient’s medical team proposed ions monitor-
ing and control, prescribing enoxaparin in the case of high 
level of D-dimer, as well as ordering oral bicarbonate if the 
patient's acidosis still persisted. According to our report, oral 
bicarbonate can be useful in the treatment of refractory aci-
dosis among patients with DM who do not respond to the 
routine treatments during the pandemic.
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