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Mufioz J, Coronado Mufioz A. Severe diabetic The association of COVID-19 with diabetes mellitus is bidirectional. In one direc-
tion, diabetes mellitus is associated with an increased risk of severe COVID-19. In
the opposite direction, in patients with COVID-19 new-onset diabetes mellitus, se-
vere diabetic ketoacidosis and severe metabolic complications have been described.
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Submission date 30/10/2020 with ketoacidosis resulting from new-onset diabetes mellitus. We describe the clin-
Acceptance date 29/3/2021 ical course and the management approach during the COVID-19 pandemic.
Publication date 23/4/2021 Conclusion

COVID-19 is associated with metabolic complications such as severe diabetic ke-

Origin Not commissioned toacidosis.

Type of review Externally peer-reviewed by three

reviewers, double-blind

Keywords case reports, covid-19, pediatric, diabetes
mellitus, diabetic ketoacidosis

Main messages
e In children affected by COVID-19, although they usually have an asymptomatic course with lower case fatality rates, extrapulmo-
nary presentations have been described as different from the adult stage, representing a challenge for their attending physicians.

e Diabetes mellitus usually debuts with ketoacidosis. This disease has been associated with more complications in adults infected with
the new coronavirus, although this has not been demonstrated in the pediatric population.

e Pediatric patients with or without a history of diabetes may present with severe ketoacidosis and COVID-19.
e  This association should be recognized by pediatricians managing such patients to prevent ketoacidosis. If patients present with ke-
toacidosis, critical care should be considered for the management of these patients.

MEave 1/6


https://orcid.org/0000-0001-6141-6622
https://orcid.org/0000-0001-6360-1362
https://orcid.org/0000-0003-3093-0439
https://orcid.org/0000-0001-5349-5260

Introduction

Since it was classified as a pandemic, COVID-19 infection by the
new SARS-CoV-2 coronavirus has behaved as a disease that pre-
dominantly affects the respiratory tract, with higher case fatality rates
in adults (mostly men) in the sixth decade of life’.

Country health systems have had to prioritize their human and eco-
nomic resources in the COVID-19 containment. Consequently,
other chronic diseases have been exacerbated due to poor control?.

In the case of children, COVID-19 infection mostly follows an
asymptomatic course and is associated with lower death rates. How-
ever, extrapulmonary presentations different from the adult stage
have been described, representing a challenge for those who assist
these patients’. Case series and cross-sectional studies have identi-
fied a higher proportion of complications in children with comor-
bidities, leading to these children developing new diseases.

Diabetes mellitus usually debuts with ketoacidosis in 43% of cases,
and the coexistence of infectious diseases has been identified in 59%
of cases*>. This pathology and its complications have been associ-
ated with a higher probability of complications in adults infected by
the new coronavirus. However, this has not yet been demonstrated
in the pediatric population. The purpose of this article is to report
the possible exacerbation of diabetes mellitus during the COVID-19
pandemic.

Method

Following the methodology of the CARE (CAse REports) guide-
lines®, we present two cases of patients under 18 years of age with a
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diagnosis of SARS-CoV-2 infection (detected by polymerase chain
reaction test for this virus) and diabetic ketoacidosis (acidemia with
pH less than 7.31, glucose greater than 350 milligrams per deciliter,
ketones in urine), from a tertiary care hospital.

Case 1

11-year-old male with obesity according to body mass index greater
than 95% according to the World Health Organization charts.

Positive family history for type 2 diabetes mellitus in father and pa-
ternal grandfather. He was a contact of a confirmed COVID-19
close relative (father).

Case report

The patient reported respiratory symptoms initially and then pre-
sented polyuria, polydipsia, polyphagia, and a 10-kilogram weight
loss fifteen days prior to admission. On admission, the antibody test
for COVID-19 (immunoglobulins G and M) was positive, and
SARS-CoV-2 infection was documented by a positive molecular test
taken from a nasopharyngeal swab. The patient presented respira-
tory distress and alterations in consciousness, receiving oxygen ther-
apy, followed by an asystole event that required resuscitation maneu-
vers and ventilatory support. Baseline laboratory tests were: serum
glucose 600 milligrams per deciliter, blood gas with decompensated
metabolic acidemia, bicarbonate concentration less than 10 millimo-
les per liter, and ketonuria. Inflammatory markers were: quantitative
C-reactive protein greater than 200 milligrams per liter, leukocytosis,
anemia and thrombocytopenia, hypoalbuminemia, d-dimer greater
than 20 nanograms per liter (Tables 1 and 3).
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Table 1. Ancillary examinations during the hospital stay.

Variables Ingress Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10
Glucose (mg/dL) 600 161 185 200 - 352,00 - - - - -—-
Urea (mg/dL) 30 -—- 58 162 83 83.00 - 102.00 114.00 - 87.00
Creatinine (mg/dL) 0.59 -—- 1.7 1.99 2.27 1.90 - 2.03 2.20 - 1.06
Albumin (g/dL) 4 -—- - 2.5 - 2.10 - - - - -—-
D dimer (ng/L) - - -— - 25.88 - - - -— - -
PH 7.05 6.96 7.16 7.12 7.18 7.296 7.293 7.295 7.298 7.399 7.331 Ve-
Arterial Arterial Arterial Arterial Arterial Arterial Arterial Arterial Arterial Arterial nous
O2 partial pressure 42 26.0 81 37.7 90.8 97.4 78.3 130 70.1 97.5 38.3
(mmHg)
CO2 partial pressure 16.1 47.3 22.4 29.7 30.2 241 34.3 38.5 36.0 33.0 36.7
(mmHg)
Bicatbonate (mmol/L) 4.2 10 7.6 9.2 10.800 11.7 16.1 18.1 17.1 20.2 19.1
BE (base excess) -24.4 -21.7 -27.3 -18.8 -16.200 -13.7 9.1 =73 -8.1 -3.8 -6.0
(mmol/L)
O2 Sat (O2 saturation) 84.7% 62.8% 99.9% 88.2% 99.9% 98.7 % 96.6 % 98.7 % 94.3 % 97.9 % 73.4 %
PaO2/FiO2 (mmol/L) - - -—- -—- - 515 370 424 336 489 117
Lactate (mmol/L) -—- 1.6 1.2 -—- - 1.1 1.3 1.8 1.9 13 1.4
Sodium (mmol/L) 128 141 152 153 - 154 158 159 160 156 149
Potassium (mmol/L) 1.9 2.19 3.67 2.8 - 4.6 4.1 3.8 3.5 35 3.8
Chlorine (mmol/L) 103 124,0 136 135 - 137 134 134 128 131 125
Hematocrit 44% -—- - -—- - - - -— 29.80 % - 28.20 %
Leukocytes(10"3/UI) 14.7 - - - 10.6 - - - 14.70 - 7.40
Platelet count 158 - - - 54 - - - 70 - 136
(1073/01)
C- reactive protein - --- - --- --- 277.00 --- - 85.50 - 84.10
(mg/L)
PT/INR (sec) - 13.8/1.2 - - 12.9/1.1 17.2/1.32 - - 14.1/1.07 - 14.5 /1.10
aPTT (sec) - 24.4 - - 22.2 41.8 - - 43 - 50.6
Fibrinogen - 258.4 - - 428.1 - - - - - -
HDL Cholesterol - - - - - 25 - - - - ---
LDL Cholesterol - - - - - 45 - - - - -
VLDL Cholesterol - - - - - 28 - - - - ---
Triglycerides -- - - - - 138 - - - - -

mg/dL: milligrams per deciliter.

mmol/L: millimol per liter.

ng/L: nanograms per liter.

mmHg: millimeters of mercury.

PaO2/FiO2: ratio of arterial oxygen pressure to inspired oxygen fraction.
Ul international units.

PT/INR: prothrombin time/international normalized ratio.
sec: seconds.

aPTT: activated partial thromboplastin time.

HDL: high-density lipoproteins (cholesterol).

VLDL: very low density proteins (pre-b).

Source: Prepared by the authors.

Initial management was based on parenteral rehydration of losses
and rapid insulin infusion of 0.05 to 0.1 units per kilo per hour for
seven days. After clinical improvement and improvement of the
acid-base status, intermediate and rapid-acting human insulin was
prescribed on a sliding scale according to glycemia levels.

The respiratory condition evaluated by chest X-ray showed intersti-
tial alveolar alterations indicative of COVID-19 type pneumonia,
mild grade (Figure 1).
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Figure 1. Chest X-ray.
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Alterations in interstitial alveoli suggestive of COVID type pneu-
monia. Mild involvement is seen.
Source: Prepared by the authors.
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Encephalopathy secondary to mild acute hypoxic damage and cere-
bral edema occurred, and the patient was kept under sedation and
analgesia with propofol infusion, plus fentanyl infusion. He was
treated with noradrenaline for hemodynamic status in the range of
0.05 to 0.2 micrograms per kilogram per minute for six days. He
presented uremic retention and oligoanuria that evolved favorably.
After six days of mechanical ventilation, sedation, pain control, and
mechanical ventilation were withdrawn. No neurological deficit was
documented. After eight days, COVID-19 extubation protocol was
followed, and the patient progressed with Venturi mask to an in-
spired oxygen fraction of 0.6%. Empirical antibiotic coverage for
nosocomial infection and atypical bacteria was indicated with ceftri-
axone at 100 milligrams per kilo per day and clindamycin at 30 mil-
ligrams per kilo per day, for seven days. It was decided to add
enoxapatin at an anticoagulant dose of 1 milligram per kilo per dose.

According to serological serial glycemia, the patient improved pro-
gressively and was able to go home with treatment based on inter-
mediate-acting human insulin and rapid-acting insulin on a sliding
scale.

Case 2

An 8-year-old gitl with a positive history of insulin-dependent con-
trolled diabetes mellitus since age 5. The patient was a contact
(neighbor) of a confirmed case of COVID-19. She manifested clini-
cal symptoms compatible with urinary symptoms (dysuria, pyuria,
fever), and a nasopharyngeal swab molecular test documented
SARS-CoV-2 infection.

During her course, the patient presented vomiting, dyspnea, Kuss-
maul’s respiration, and hypoactivity lasting 18 hours. For this reason,
she was seen in the emergency department, where the diagnosis of
diabetic ketoacidosis was corroborated (Tables 2 and 3), and treat-
ment was started with fluid resuscitation, rapid insulin infusion 0.05
to 0.1 units per kilogram per hour, and empirical antimicrobial cov-
erage. Chest radiography did not show images compatible with a
ground-glass appearance (Figure 2).

Figure 2. Chest X-ray.
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There is an increase in the bilateral broncho vascular net-
work—no categorical consolidations. Transpatency is pre-
served in both lung fields. The phrenic sinuses are free. The
cardiovascular silhouette is normal. The bony and soft struc-
tures of the thorax are without evident alterations. There is
evidence of an increased peribronchovascular interstitium.
Chest radiography is within normal limits.

Source: Prepared by the authors.
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During her evolution, she was hospitalized in an intensive care unit,
where fluid therapy and empirical antimicrobial control (amikacin)
were provided for a probable urinary tract infection. Immunoglobu-
lins G and M for the SARS-CoV-2 virus were documented. She had
a favorable course and was discharged with insulin glargine and rapid
insulin on a sliding scale according to serum glycemia controls.

Table 2. Ancillary tests during the hospital stay.

Variables Ingress Day 1 Day 2 Day 3
Glucose (mg/dL) 434 280 232 342
Urea (mg/dL) - 14.00 - -—
Creatinine (mg/dL) 0.9 0.40 - -
TGO (U/L) - 32.00 - -
TGP (U/L) - 19.00 - ---
Ph 6.92 7.264 7.439 7.396
Arterial Arterial Arterial Arterial
Partial pressure of O2 235.1 179 106 113
(mmHg)
Partial CO2 pressure CO2 10.5 16.5 35.3 31.1
(mmHg)
Bicarbonate (mmol/L) 2.1 7.2 23.7 18.7
BE (base excess) (mmol/L) -30.1 -18.2 0.2 -4.8
Concentration of inhaled 80% 37.0% 21.0 % 21.0 %
02
CTO2 (mmol/L) 2.2 7.6 24.8 19.7
O2 sat 99.2% 99.2 % 96.4 % 98.4 %
pO2 /FiO2 (mmHg) - 475 518 536
tHb (g/dL) - 15.1 11.1 11.9
Lactate (mmol/L) - 1.2 1.4 1.0
Sodium (mmol/L) 138.8 142 139 142
Potassium (mmol/L) 4.83 3.4 3.1 3.6
Chlorine (mmol/L) 103.4 118 109 106
Hemoglobin (g/dL) - 11.60 - 10.60
Hematocrit - 36.20 % - 32.70 %
Platelet count (10°3/ul) 121 178 - 152
Reactive C Protein (mg/L) 10.5 - -—- 5.00

mg/dL: milligrams per deciliter.

TGO: aspartate aminotransferase.

TGP: alanine aminotransferase.

U/L: units per liter.

mg/L: milligrams per liter.

mmHg: millimeters of mercury.

mmol/L: millimol per liter.

CTO2: total carbon dioxide concentration.
O2 sat: oxygen saturation.

PaO2/FiO2: ratio of artetial oxygen pressure/inspired oxygen frac-
tion.

tHb: total hemoglobin.

g/dL: grams per deciliter.

UL: units per liter.

mg/dL: milligrams per liter.

Source: Prepared by the authors.
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Table 3. Characteristics of the urine test.

Case 1 Case 2
Urine examination Day 4 Day 5 Day 8 Day 2
Color: Yellow Yellow Yellow Yellow
Appearance: Mildly turbid Mildly turbid turbid turbid
Density: 1013 1013 1015 1010
pH: 5 6 5 6.0
Nitrites: Negative Negative Negative Negative
Proteins: - Positive Negative Negative
Glucose Positive Negative Negative Negative
Ketones Positive 4+ Negative Negative Positive 2+
Urobilinogen - Negative Negative Negative
Bilirubin - Trace - Negative
Hemoglobin - 2to 3/c 2to4/c Negative
Red blood cell - 6to 8/c 15t0 20/c 1to02/C
Leukocytes Positive 2+ 0to2/c Scarce >100/c
Epithelial cells 10 to 20/c Negative - 4to5/c
Casts 2to05 Few 2++ None
Germs - - - Few

Source: Prepared by authors.

Discussion

In the two cases presented, a coexistence of diabetic ketoacidosis
and infection by the new coronavirus was demonstrated.

The first case corresponds to a patient with the comorbidity of obe-
sity who debuted with the complication of diabetic ketoacidosis co-
existing with pulmonary manifestations of COVID-19 infection.
The second case is a pediatric patient with preexisting diabetes melli-
tus who developed diabetic ketoacidosis and COVID-19 without
pulmonary manifestations.

These two cases underscore the importance of continuing adequate
control of metabolic conditions, which could be worsened by SARS-
CoV-2 infection. It is important to recognize this factor in physicians
responsible for patients” health with chronic conditions, such as obe-
sity and diabetes mellitus, since they are at risk of worse morbidities.
This was described by Karmath et al. in a study conducted in Ger-
many, where they described a significant increase in cases of severe
diabetic ketoacidosis during the pandemic’. The presentation with
diabetic ketoacidosis could be lethal if not compensated and treated
in time. The first case had cerebral edema and cardiorespiratory ar-
rest. Both patients required intensive care management with a pro-
longed hospital stay. Without previous routine controls or metabolic
follow-up, these two cases were affected by the pandemic before be-
ing diagnosed with diabetic ketoacidosis. For this reason, the interest
arises to correlate decompensation in a serious condition such as se-
vere diabetic ketoacidosis due to COVID-19 and the need for man-
agement in pediatric intensive care. These cases suggest that children
with metabolic disorders without endocrinological follow-up atre
among the populations most vulnerable to COVID-19 and may de-
velop severe decompensation, which increases hospital stay and
mortality.

Regarding the relationship between diabetes mellitus and COVID-
19, Samir et al. described 86 children with diabetes mellitus and
COVID-19 who developed mild symptoms, five of them requiring
hospitalization in the intensive care unit. All the cases studied main-
tained therapeutic control of glucose levels during the infection®.

On the other hand, a questionnaire-based Italian study reported
fewer new cases of diabetes mellitus in the pediatric population but
a higher number of cases with severe ketoacidosis®. A similar study
in the United States based on a quality registry of new cases of dia-
betes mellitus found no difference in diabetic ketoacidosis in cases
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with or without COVID-19. However, the authors argue that the
number of cases of ketoacidosis is higher than other years in the
same registry!?. A database study in Australia described an increased
frequency of severe diabetic ketoacidosis during the pandemic!!.

One question these studies raise is whether this increased frequency
of ketoacidosis is part of the pathophysiology of the virus or whether
it is related to the social changes imposed to control the pandemic,
such as reduced access to health check-ups or postponed emergency
visits, increasing the severity of presentation.

Juyi Li studied 658 adult patients hospitalized with confirmed
COVID-19; 42 (6.4%) of them presented diabetic ketoacidosis at
admission as the first manifestation, the same who presented a more
extended in-hospital stay and mortality!2.

Causality studies are needed to determine whether pancreatic cellular
involvement accelerates the lesion in patients who debut with diabe-
tes mellitus'3. There are reports of COVID-19 patients with pediat-
ric inflammatory multisystemic syndrome who also present with
pancreatitis'4. Amylase and lipase studies were not obtained in our
patients since the evolution was favorable.

An important public health aspect is to avoid hospitalization for pre-
ventable and treatable conditions. The increase in seroprevalence for
SARS-CoV-2 and the reduction in the supply of health services dur-
ing the pandemic make it relevant to analyze and reorient the flow
of patients in the intrahospital setting to optimize the resources avail-
able to us. This information must be known by physicians caring for
pediatric patients in the emergency context in order to take appro-
priate precautions. Patients with COVID-19 may present ketoacido-
sis, and this should be considered in the management.

Conclusions

The cases reported in this article show that COVID-19 can precipi-
tate severe ketoacidosis. These patients may present with more sig-
nificant complications than other milder forms of presentation.
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