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Diabetic ketoacidosis precipitated by COVID-19
in patient with newly diagnosed diabetes mellitus

Abstract. Background. Coronavirus disease 2019 (COVID-19) is a viral infectious disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Diabetes mellitus (DM) have been reported frequently in
patients with the new corona virus disease — 2019, COVID-19. It has been associated with progressive course and
worse outcome. There is scarce data on diabetic ketoacidosis (DKA) in COVID-19 infection. There has been sev-
eral cases reported on COVID-19 infection precipitating a new diagnosis of type 2 DM (T2DM). However, there is a
lack of evidence regarding type 1 DM (T1DM). We report a case of DKA precipitated by COVID-19 in a patient with
newly diagnosed T1DM. Recently, case reports and small cross-sectional studies described diabetic patients who
develop DKA when infected with COVID-19. The incidence of DKA has been found to be high in patients with T1DM
and T2DM admitted to hospital with COVID-19. Case presentation. We present a 29 year-old, previously healthy
man with 5 days history of fever, fatigue, vomiting, polydipsia and polyuria. His lab results showed high blood glu-
cose, high anion gap metabolic acidosis and ketonuria diagnostic of DKA. He also tested positive for COVID-19
and his Chest CT was consistent with bilateral COVID 19 pneumonia (ground-glass opacity, consolidation, and
crazy-paving pattern). He was successfully managed with intravenous fluids and insulin as per DKA protocol. He
required intravenous antibiotics, steroids and oxygenotherapy for COVID-19 pneumonia. He was discharged after
14 days in stable condition. Conclusions. COVID-19 infection can be complicated by DKA and development of DM
in previously non-diabetic individuals. It is possible that SARS-CoV-2 may aggravate pancreatic beta cell function
and precipitate DKA. Very few cases have been reported in the literature on COVID-19 infection precipitating DKA
in a newly diagnosed patient of type 1 diabetes mellitus.

Keywords: type 1 diabetes; diabetic ketoacidosis; COVID-19 pneumonia

Introduction

The Coronavirus Disease 19 (COVID-19) is an in-
fectious disease caused by a novel coronavirus, the
Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) [1].

During COVID-19 pandemic, diabetes mellitus (DM)
was found to be a risk factor for severe disease and worse
outcomes [2]. A history of DM was associated with 22.5 %
of COVID-19 intensive care unit admissions in one case se-
ries [3] and a mortality rate up to 16 % among people with
DM and without other comorbidities [4, 5].

The development of diabetic ketoacidosis (DKA) can in
itself add to this high mortality in COVID-19 patients.

Several studies have demonstrated that COVID-19 can
utilize angiotensin-converting enzyme 2 (ACE2) on the sur-
faces of epithelial cells to bind and gain entry to infected
cells [6]. Similar findings were reported during SARS out-
break in 2006 [7]. Binding of ACE2 by SARS-CoV-2 in

COVID-19 may play an important role in the pathogenesis
of the disease on one hand and could predispose patients to
hyperglycemia and development of DM on the other hand.
Herein, we describe a patient who was previously healthy,
but presented with DKA and new onset of DM complicating
COVID-19 pneumonia.

Case presentation

A 29-years old previously healthy man, who was not
known to have DM but presented to the emergency depart-
ment (ED) with fatigue and decrease in activity for 5 days
along with generalized body aches and nocturia (about 6—
7 times/night). On admission, his temperature was 38.8 °C.
He was hemodynamically stable but mildly tachypneic. He
did not require supplemental oxygen during the first hours
of admission in hospital. He denied any respiratory symp-
toms or chest pain. He had 3 days history of fever, tiredness
and loss of smell and taste.
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Given positive contact history, he was tested and con-
firmed to be infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).

He is non-smoker and has no family history of DM.

Upon examination in the emergency room, he was con-
scious and oriented to time, place and person but looked de-
hydrated. He was febrile, but he did not display Kussmaul’s
breathing. His respiratory rate was fluctuating 22—26/min,
and O, saturation was 96 % without O, therapy. His body
mass index was 21.6 kg/m? with no signs of insulin resis-
tance.

Laboratory investigations were significant for hypergly-
caemia 479 mg/dl, high anion gap 26 mEq/L, metabolic
acidosis: Base excess = —23.2 mEq/L; pH 7.140 and keto-
nuria +3 (150 md/dl), confirming the diagnosis of DKA.

The rest of his investigations showed the following:

— BUN: 51 mg/dl, normal range (10—50).

— Creatinine: 1.2 mg/dl, normal range (< 1,3).

— SGPT =20 U/I, normal range (0—46).

— Na: 129 mmol/l, normal range (135—145).

— K: 2.9 mmol/l, normal range (3.5-5.1).

— ClI: 95 mmol/I1, normal range (98—107).

— S. lactate: 1.4 mmol/l normal range (0.5—1.1).

— WBC: 11.05 x 10*3/1, normal range (4—11).

— Lymphocytes: 12.1 %; normal range (25—40 %).

— Hgb: 14.1 gm/1, normal range (12—14).

— Platelets: 281 x 10"3/1, normal range (140—400).

— Chest X-ray: showed bilateral infiltration.

— Chest CT: CO-RADS category 5; bilateral ground-
glass opacities and crazy-paving pattern, 70 % involment of
the lungs, CT severity score = 18/25.

— Insulin 2.74 uIU/1, normal range (2.6—24.9 ulU/1).

— C-peptide 0.856 (ng/ml), normal range (0.8—
3.1 ng/ml).

— Anti GAD-IgG — Negative < 5 (< 10 Negative; > 10
Positive).

— HbAlc: 12.8 %.

Oronasal swab was positive for COVID-19 by real-time
reverse transcription-polymerase chain reaction (rRT-PCR)
test.

Urinalysis revealed 1000 mg/dl of glucose, 150 mg/dl of
ketones and 30 mg/dl of protein.

Inflammatory markers:

— CRP: 25.23 md/dl, normal range (< 10 mg/l Nega-
tive; > 10 mg/1 Positive).

— LDH: 792 unit/1, normal range (210—450).

— Ferritin: 1842 mg/dl; normal range (20—400).

— D dimer: 1969 mg/dl, normal range (0 —500).

Cardiac evaluation:

— ECG normal sinus rhythm.

— Cardiac enzymes and troponin were normal.

In ED, he received 14 units IV regular insulin as a bolus
and 1 litres of IV normal saline and started on DKA protocol
with insulin infusion, IV fluids and potassium replacements.
Serum electrolytes were closely monitored. DKA resolved
after 24 hrs and he was transitioned to subcutaneous insu-
lin therapy. He stayed in the hospital for 14 days and com-
pleted ten days course of antibiotics, Levofloxacin 500 mg
and Meropenem 3 g. The day after admission he was assisted
with oxygen therapy because her saturations fall to 86 %.

He was managed with 20 litres high flow oxygen and 5 days
course of dexamethason 4 mg, two times daily with a gra-
dual decrease of doses. Fourteen days later he was weaned
off Oxygen and he was discharged on insulin Aspart 6 Ul
before each meal and insulin Lantus 14 Ul once daily. He
was recommended to contact his local endocrinologist after
four weeks, for the follow up consult.

Discussion

The patient in this case report was presented with two
life threatening conditions, DKA and COVID-19 pneumo-
nia. The prompt recognition and treatment of these condi-
tions is crucial and resulted in good outcome.

DKA is a diabetic emergency and considered to be a
common presentation of both TIDM and T2DM. It arise
as a result of severe insulin deficiency, increased counter
regulatory response which results in the production of ke-
tones [8].

The most common trigger factors are prolonged un-
controlled blood sugar or acute stress including infection
(pneumonia, urinary tract infection), acute myocardial
infarction or cerebrovascular accident. Also alcohol abuse
and drugs like SGLT-2 inhibitors [9] can precipitate an
DKA episode.

The patient in this case report was presented with DKA
and newly diagnosed T1DM triggered by COVID-19 pneu-
monia.

The underlying pathophysiology of new onset DM and
its severe form DKA in patients with COVID-19 is still not
well understood. Viral infection have been widely associated
with TIDM pathogenesis.

T1DM is a genetic autoimmune condition where b-cells
are destroyed by the auto-reactive CD4p and CD8p T cells
causing insulin deficiency [10].

The severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2), responsible for COVID-19, uses ACE2 re-
ceptor to bind and enter to infected cells as a viral complex [6].

Angiotensin converting enzyme (ACE) is the key enzyme
in mediating the effects of rennin angiotensin aldosterone
system (RAAS) by converting angiotensin I to I1. The more
recently identified to angiotensin [—VII, was found to be the
functional receptor for SARS-CoV-1 and -2 [11].

ACE2 is abundantly present in humans in the epithelia
of the lung and small intestine, which might provide possi-
ble routes of entry for the SARS-CoV-1 and -2 [12]. Study
of 72 human tissues confirmed ACE2 mRNA expression in
tissues other than the lung and gastrointestinal system, like
testis, cardiovascular, renal, and pancreas [13, 14].

It was found that ACE2 is expressed in the endocrine
part of the pancreas. This suggests that SARS coronavirus
enters islets cells using ACE2 as its receptor and damages
B-cell islets leading to insulin deficiency and development
of acute DM [7].

This is supported by the findings of strong immunopo-
sitivity for ACE2 in pancreatic islets while exocrine tissues
were only weakly positive [15]. Similarly, evidence in dia-
betic mice demonstrated that ACE2 activity levels were en-
hanced in the pancreas [15, 16].

In addition to the direct B cell injury, the expression of
ACE2 on the surface of the pancreas is downregulated fol-
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lowing endocytosis of the virus-ACE2 receptor complex.
This in turn can lead to increase concentration of angioten-
sin II and inhibit insulin secretion [17]. These interactions
between SARS-CoV-2 and RAAS might explain the under-
lying mechanism and pathophysiology of DKA.

All these pathophysiological events occurring simul-
taneously with inflammatory stress because of pulmonary
infection might have contributed to the acute worsening of
pancreatic beta cell function and precipitated DKA in this
patient.

It remains to be investigated, whether this beta cell da-
mage is transient or permanent.

Our understanding so far is uncertain if this new-onset
diabetes is classic TIDM or some new form of DM.

The presentation of the patient in this case report is con-
sistent with the hypothesis that COVID-19, not only causes
hyperglycaemia and insulin resistance in patients known to
be diabetic [3, 18], but can also predisposes newly diagnosed
diabetes mellitus to DKA which can sometimes be resistant
to treatment [19—21].

The development of diabetes and DKA can further compli-
cate the course of COVID-19 infection. Diabetic patients with
COVID-19 have worse prognosis than nondiabetics [1, 3].

This could be explained in part by high inflammatory
and pro-coagulant state in diabetics including IL-6, C-reac-
tive protein, serum ferritin, coagulation index, and D-dimer
[2, 4, 22].

While hyperglycemia is seen to increase mortality and
morbidity related to COVID-19, the virus itself can induce/
worsen hyperglycemia, culminating in a vicious cycle [23].

Conclusions

There are enough evidences to conclude that COVID-19
can lead to uncontrolled hyperglycaemia and the develop-
ment of new onset diabetes mellitus which can further com-
plicate the course and outcome of COVID-19 infection.

It is possible that SARS-CoV-2 may aggravate pancre-
atic beta cell function and precipitate diabetic ketoacidosis
in patients with known or not known diabetes.

Patients with elevated blood sugar and no history of di-
abetes should be evaluated for the possibility of new onset
diabetes mellitus and diabetic ketoacidosis, especially in the
setting of concomitant COVID-19 infection.

Further studies and long term follow-up of children
and adults presenting with new-onset diabetes during
this pandemic is required to fully understand the type of
diabetes induced by COVID-19 and to reveal the exact
underlying pathophysiological mechanism of this serious
condition.
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AiabeTnyHnm Kketoaumao3s, cnpudnHeHnn COVID-19, y nauieHTa 3 ynepLue AidrHoCToBOHUM
LYKpOBUM Aic6eTom

Pesiome. Axmyaavnicmo. KoponasipycHa xsopoba 2019 p.
(COVID-19) — ue BipycHe iH(ekIiliHE 3aXBOPIOBaHHS,
CIPUYMHEHE TSDKKUM TOCTPUM PECIipaTOPHUM CHHAPOMOM
(SARS-CoV-2). Uyxkposuit piaber (LIJ1) yacto miarHoctyBa-
JIU B TMAIi€EHTIB 3 HOBOIO KOPOHaBipycHOIO xBopobow — 2019,
COVID-19. lle mpu3BOAKIIO 10 MPOTPECyOUOro rnepeodiry Ta rip-
mroro mporHo3y. Omy6J1ikoBaHO HebaraTo TaHUX PO JiabeTny-
Huii keroaunno3 (AKA) mpu indekuii COVID-19. Ilosimom-
Jisitocst mpo Bunaaku 3apaxeHHs COVID-19, mo cnpuuyuHuio
Brepiie BusBiaeHuil LI/ 2-ro Tumy. OgHak iCHye HeZOCTaTHSI
KUTBbKicTh goKa3iB mono LI/ 1-ro Tumy. ABTOpY HaBOASITH KJli-
Hiuamit Bunagok JAKA, cipuunnenoro COVID-19, y mamienra
3 Brepiie BusiBneHuM LIJI 1-ro tumy. HemmogaBHo y 3BiTax mpo
KJIiHIYHi BUITaAKK Ta HEBEJMKHUX IMEPeXpecHUuX MOCTiIKEHHSX
onucyBanucsa nauientu 3 LIJI, y skux po3BuBaeTbest [IKA npu
inbikyBanHi COVID-19. BcranosneHno, mo yacrora KA €
BUCOKOI0 B maitieHTiB i3 LIJ] six 1-ro, TaKk i 2-ro Tumy, siki Oyau
rocmiranizoBati 3 npuBoay COVID-19. Bukaad eunadky. ABTopu
npeacraBuian 29-piynoro, no HactaHHsg COVID-19 3noposoro
YOJIOBiKa 3 5-IEHHOIO iCTOPIi€I0 TUXOMAaHKU, BTOMHU, OJTIOBaHHS,

nosiguncii Ta mosiypii. Moro 1aGopatopHi pe3ysIsTaTH Mpoje-
MOHCTpYBajJd BUCOKUI piBE€Hb TIJIIOKO3U Y KPOBi, MeTaboJiu-
HUI auunos, ketoHypito ta JJKA. Kpim Toro, y xBoporo 6yB
nosutuBHuil Tect Ha COVID-19, i pe3ynbraT KOMIT IOTEPHOIL
ToMmorpadii TpyIHOI KJIITKM BiAMOBigaayd ABOOIYHIN IMTHEBMOHIL
COVID-19 (Henpo3opicTh, yIiTbHEHHS JETeHEBOr0 PUCYHKA).
Moro ycrinHo JTiKyBany BHYTPIilTHbOBEHHNM BBEICHHSIM Pin-
HU Ta iHCYJIIHOM 3TifiHO 3 mpoToKojoM i3 [IKA. XBopwuii morpe-
OyBaB BHYTPIIIHbOBEHHOI'O BBEACHHS aHTUOIOTHKIB, CTEpOiliB
Ta oKcureHoreparnii BHacaigok nmueBmMoHii COVID-19. Yepes 14
IIHiB BiH OyB BUMMCaHWi y cTabibHOMY cTaHi. Bucnosku. Index-
it COVID-19 moxe 6ytn ycknanHeHa J1KA ta possutkom LIJ]
y ocib, sKi paHillle He XBOPiIM Ha IyKPOBUil AiabeT. MoXu1BO,
SARS-CoV-2 npu3BoauTh A0 NOTipleHHS (QDYHKIII 0eTa-KIITHH
MiJUUTYHKOBOI 3271031 Ta BUHUKHEeHH: JIKA. YV mitepaTypi nosi-
TIOMJISIETBHCST TIPO HE3HAYHY KiUJIbKICTh BUITAIKIB, KOJU iH(EKITist
COVID-19 Buknukana JIKA y XBoporo 3 Hel1oJaBHO 1iarHOCTO-
BaHUM LIYKPOBUM JiabeToM 1-ro tumy.

KirouoBi cioBa: mykposuit miabet 1-ro THmy; miaGeTMIHMIA Ke-
Toauuno3; mHesMoHis; COVID-19
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