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SUMMARY

Introduction Diabetes mellitus patients are a vulnerable group of people who are prone to getting in-
fected with severe acute respiratory syndrome corona virus 2 (SARS-CoV-2). The virus has a high binding
affinity to angiotensin-converting enzyme 2 receptor, which allows efficient host cell entering, prolonged
virus retention, and a possibility of insulin resistance and ketoacidosis development.

Case outline We describe a case of a 20-year-old patient with a past medical history of type 1 diabetes
mellitus who presented with bilateral COVID-19 pneumonia. Initially, treatment with polyvitamin ther-
apy, corticosteroids, tocilizumab, and convalescent plasma did not improve the patient’s condition, but
might have led to the worsening of the underlying disease, high blood glucose level, and ketoacidosis.
Patient developed a rapid progression of the disease and severe pneumonia that required intubation
and mechanical ventilation. Intravenous immunoglobulin (IVIg) was administrated in order to suppress a
hyperactive immune response through its immunomodulatory effect. Forty-eight hours later, respiratory
gas exchange was improved, almost complete regression of changes in the lungs was seen, normalization
of metabolic and gas exchange parameters was detected. After 14 days of hospitalization, the patient
was discharged in good general condition.

Conclusion COVID-19 complicated by diabetes mellitus leads to a poor outcome of the disease, but
antiviral and anti-inflammatory activity of IVlg suggests that it may be a useful therapeutic agent in cases
of COVID-19. In the presented case, the application of IVIg led to a rapid improvement in the patient’s
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INTRODUCTION

Corona virus disease 2019 (COVID-19) is an
infectious disease caused by severe acute respi-
ratory syndrome corona virus 2 (SARS-CoV-2),
a virus with strong transmissibility that has rap-
idly evolved into a pandemic [1]. The disease
spreads rapidly and has a high mortality rate.
About 14% of patients require hospitalization
and oxygen therapy and 5% of patients require
admission to the intensive care unit (ICU) [2].
SARS-CoV-2 activates both innate and ac-
quired immune response. Infected endothelial
cells, mononuclear macrophages, neutrophils
and maturated dendritic cells (innate immu-
nity) produce pro-inflammatory mediators,
such as interferon, cytokines [tumor necrosis
factor a, interleukin (IL)-6] and chemokines,
which recruit other components of the im-
mune system [3]. The subsequent acquired
immune responses including T lymphocytes
(CD4+ and CD8+ T cells) and B lymphocytes
play an important role in the defense. CD4+ T
cells stimulate B cells to produce virus-specific
antibodies, while CD8+ T cells are able to di-
rectly kill virus-infected cells. However, SARS-
CoV-2 can induce excessive and prolonged in-
flammatory responses, known as the cytokine
storm. Excessive neutrophil extracellular traps

production, by neutrophils, can enhance tis-
sue damage and may contribute to the cytokine
storm, while activated B cells may contribute
by production of IL-6. In patients with severe
COVID-19, the cytokine storm causes acute re-
spiratory distress syndrome or multiple-organ
dysfunction [3].

Since SARS-CoV-2 affects the host immune
system, there is a possibility of introducing in-
travenous immunoglobulin (IVIg) administra-
tion in the therapy of COVID-19 with the aim
of improving immune response of the host [4].

CASE REPORT

A 20-year-old female, body mass index 22 kg/
m?, was admitted to the temporary COVID
hospital of Zvezdara University Medical Center
with positive real-time reverse transcription
polymerase chain reaction (rRT-PCR) assay for
SARS-CoV-2 and with a radiographic diagno-
sis of bilateral pneumonia (Figure 1). Six days
prior to presentation, the patient complained of
fatigue, tiredness and dry cough. On admission,
the patient presented conscious, adynamic, pale
skin and visible mucous membranes, highly fe-
brile with a pronounced dry cough and breath
that smelled like acetone. She had a history of
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Figure 1. Chest radiograph at admission to
the hospital

type 1 diabetes mellitus diagnosed at the age of 13 and she
was being treated with insulin. Hematologic, biochemistry
and acid-base analysis before and after the treatments in
ICU are presented in Tables 1 and 2.

Table 1. Hematologic and biochemistry analysis before and after the
treatments
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WBC (10°/L) 11 10.3 10.2 166 | 123
PLT count (10%/L) 374 447 546 482 | 389

Neutrophil count (%) 76.7 66.8 68.9 777 | 67.3
Lymphocyt count (%) 11.7 19.7 18.2 11.1 | 23.7

CRP (mg/L) 96.1 163.1 81.5 245 4.2
Feritin (ng/ml) 427 402 265 184 156
LDH (U/L) 702 739 624 613 689
K* (mmol/L) 4.24 1.6 2.7 3.7 4

Glucose (mmol/L) 14 19.5 8.6 7.5 6.7

WBC - white blood cells; PLT - platelets; CRP - C-reactive protein; LDH - lac-
tate dehydrogenase; K+ - potassium, ICU - intensive care unit

Table 2. Acid-base analysis before and after the treatments
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pH 7 7.13 7.52 7.54 7.34
pO, (mmHg) 120.6 74.7 96 88.5 110
pCO, (mmHg) 9.9 141 27.2 23.1 34
sp0, (%) 90 90 97 97 97
HCO,” (mmol/L) 2.8 8.5 15.6 18.7 19.2
BE (mmol/L) -35 -22.2 -12.7 -4.2 23
Lactate (mmol/L) 2.8 3.27 1.1 1.2 1.1

ICU - intensive care unit; pO, - oxygen partial pressure; pCO, - carbon dioxide
partial pressure; spO, - oxygen saturation in the blood; HCO, - bicarbonates;
BE - basic excess
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Figure 2. Chest radiograph at admission to
the intensive care unit (11 days from the on-
set of the disease)

Figure 3. Chest radiograph 48 hours after im-
munoglobulin administration

On the first day of hospitalization, the treatment was
provided with vitamins (alphacalcidiol tablets 1 x 2 mcg,
vitamin C 1 x 1 g), anticoagulant therapy (nadroparin 4000
U s.c.), corticosteroid therapy (prednisone tablets 0.5 mg/
kg twice daily), proton pump inhibitors for gastric pro-
tection. Diabetic ketoacidosis (DKA) management was
started (insulin and crystalloid fluids infusion, bicarbonate
compensation) and antibiotic for bacterial super infection
prevention was also performed (third-generation cephalo-
sporin, ceftriaxone 2 g). Twenty-four hours after admission,
somnolence, high fever (39°C), fatigue, hypotension (90/50
mmHg), tachycardia (hearth rate above 120 beats/min),
tachypnea (respiratory rate 35 breaths/min), shortness of
breath, blood oxygen saturation (spO,) of 90% and normal
glucose level (6.6 mmol/L) were observed. Oxygen supple-
mentation was provided by a mask and oxygen flow of 5
1/min and spO, increased up to 97%. The next day blood
analysis showed IL-6 value of 44.6 pg/ml, immunosuppres-
sant (tocilizumab 600 mg) and convalescent plasma were
administered. This did not result in clinical improvement
— after 48 hours she became extremely dyspneic, tachy-
pneic, tachycardic, hypotensive, blood tests revealed high
glucose level (19.5 mmol/L) and ketoacidosis, while chest
radiography showed progression of pneumonia (Figure 2).
Due to the worsening of the general condition, the patient
was transferred from the ward to the ICU. Since the blood
gas exchange worsened, invasive mechanical ventilation
with lung protection strategies was initiated immediately
upon admission to the ICU (11 days from the onset of the
disease). Due to the rapid disease progression complicated
with ketoacidosis and unsatisfactory response to the applied
therapy, it was decided to continue with the local therapeu-
tical protocol and apply IVIg (10 g once). Forty-eight hours
later, chest radiography showed almost complete regression
of the changes in the lungs (Figure 3), inflammatory mark-
ers were decreased, metabolic disorder corrected, blood gas
exchange was normalized and the patient was extubated.
After 14 days in the hospital, the patient was discharged
home without oxygen supplementation, afebrile, eupneic,
with normal system function, normal laboratory and meta-
bolic findings, and with a negative PCR test.

This case report was approved by the institutional eth-
ics committee, and written consent was obtained from the
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patient for the publication of this report and any accom-
panying images.

DISCUSSION

COVID-19 is a disease that leads to a high mortality
rate. Local guidelines on the treatment of patients with
COVID-19 exist, but mainly include symptomatic treat-
ment and supportive care. Clinical manifestations of
COVID-19 are non-specific, the disease can be asymp-
tomatic or it can present with symptoms such as fever,
dry cough, myalgia, fatigue, headache, diarrhea, and many
others [5]. COVID-19 is classified as mild, moderate, or
severe disease. However, COVID-19 can sometimes have
a fulminant evolution rapidly leading to death [6]. It is
assumed that a history of the underlying diseases can be
associated with the development of severe illness [7].

Prevalence of diabetes in COVID-19 patients is high
and is associated with the increased risk of complications
and poor outcome. The majority of COVID-19 patients are
patients with type 2 diabetes mellitus (9.7-10.9%) [8]. DKA
prevalence before the pandemic was 0.72% and during the
pandemic it increased up to 3.14%, while DKA mortal-
ity rate during the pandemic increased from 18% up to
46.3% [9]. Diabetes is causally associated with upregulated
angiotensin-converting enzyme 2 receptor (ACE,) expres-
sions in the lungs, which may increase susceptibility to the
SARS-CoV-2. The virus has a high binding affinity to the
ACE, receptor [10], which allows efficient host cell entering
and prolonged virus retention. ACE, is widely expressed in
multiple organs, including pancreas, so the virus infection
can lead to the pancreatic damage resulting in the develop-
ment of insulin resistance and ketoacidosis. Elevated glu-
cose levels directly increase SARS-CoV-2 replication. In this
way hyperglycemia might support viral proliferation [10].

In addition, the virus directly damages the cells, es-
pecially T cell function, which can be reduced. CD4+ T
lymphocytes are quickly activated into T helper-1 cells,
leading to the high secretion of inflammatory cytokines
(IL-6) [11]. IL-6 is an important cytokine of hyperinflam-
mation in COVID-19, which is already increased in pa-
tients with underlying type 1 diabetes mellitus and triggers
ketogenesis [11].

This case report shows the application of a local thera-
peutical protocol for COVID-19 and the management of
DKA at the same time. Since the patient had rapid disease
progression and all therapeutical options were exhausted,
IVIg was used as a potent and safe immune modulator
[12]. IVIg is a therapeutical product of normal human
polyclonal IgG obtained from the pooled plasma of a
large number of healthy donors. IVIg product used in this
case (Ig VENA, Kedrion S.p.A., Barga, Italy) contains hu-
man normal immunoglobulin, mainly IgG (at least 95%).
Initially, IVIg was used as a replacement therapy in patients
with immunodeficiency disease in order to prevent infec-
tions by pathogen neutralization [13]. Today, it's widely
used for a number of autoimmune and inflammatory
diseases, including viral pneumonias. Several published
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studies showed potential benefits of IVIg therapy in SARS,
MERS, influenza, and RSV infections and that’s why it has
been considered for COVID-19. These viral infections are
associated with an excessive and uncontrolled comple-
ment activation, which contributes to tissue damage and
hyperinflammation. IVIg treatment of this infections may
reduce complement activation, bind and block C5a and
C3a, leading to the decrease of hyperinflammation [14].
IVIg has numerous modes of action, such as inhibition
of T-cell activation and proliferation, down-regulation of
antibodies’ production by B cells, interruption of comple-
ment activation cascade, and cytokine modulation (neu-
tralization of inflammatory cytokines, chemokines and
complement fragments by endogenous antigen-specific
IgG which are present in IVIg), inhibition of neutrophil
recruitment and activation and limitation of the differen-
tiation of macrophages (these effects may be induced by
blocking the activation of Fcy receptors on innate immune
effector cells), and many more [3, 14].

To date, the possitive effects of IVIg therapy in severe
COVID-19 patients have been described in several case
reports and studies, where IVIg therapy differs in doses,
lenght of administration, and comorbidites. Currently,
there is no consensus on IVIg treatment for COVID-19.
A big multicentre retrospective study showed that 28-
day mortality was not different between the group of
COVID-19 patients treated with IVIg and non-IVIg group,
so further investigations of efficacy of IVIg administration
are needed [15]. Studies also showed that the adminis-
tration of a high dose of IVIg within first 48 h promotes
benefits such as the reduction of the use of mechanical ven-
tilation and shorter ICU length of stay and the reduction of
the mortality rate [16]. Several case reports of multisystem
inflammatory syndrome in adults that presents 2-6 weeks
after COVID-19 infection have been published thus far. In
these cases, the combined administration of a high dose
of corticosteroids and IVIg had better results compared
to corticosteroid or IVIg monotherapy [17]. In contrast to
previous studies, in the present case, high doses of cortico-
steroids and lower doses of IVIg were administered during
the period when mechanical ventilation was applied, which
led to an improvement in the condition. Therefore, further
studies are needed to determine the dose and the timing of
IVIg administration, as well as at what stage of the disease
should the therapy be applied.

This case report showed that initially applied therapy did
not result in clinical improvement; the disease had rapid
progression complicated by an underlying condition and an
inadequate immune response, which led to the decision to
apply the last step of the protocol algorithm. Shortly after
the IVIg administration, the patient improved clinically, a
significant decrease of white blood cells, ferritin and lactate
dehydrogenase levels was seen, gas exchange improved and
chest radiography showed significant improvement as well.
The patient was extubated and after 14 days of hospitaliza-
tion she was discharged in stable condition.

The main limitation of this case report is that the
patient received tocilizumab, convalescent plasma, and
higher doses of corticosteroids prior to IVIg. Some of these
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drugs may have influenced the course of the viral disease
and enhanced the efficacy of IVIg. The lack of efficacy
of convalescent plasma could have resulted from insuf-
ficient titers of neutralizing antibodies or the timing of
administration, while the anti-inflammatory and immune-
modulatory effects on the various immune cells of IVIg
may account for its clinical benefits.

Considering the immunomodulatory effects of IVIg
its application has a potential role in the treatment of the
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EdMKACHOCT MHTPaBEHCKUX MMYHOIN06Y/IMHA Y Neyetby 6onecHuUKa ca kKosugom 19

Maja CrojaHoBuh'2, MunaH MapkoBuh?, [lybpaska HuHosuh? Cnobogaax Monosuh?, Jena boposrHuh?

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

YHWBeP3UTETCKI MEAULIMHCKN LieHTap ,3Be3gapa’, Cnyx6a 3a aHecTe3unjy, peaHUMaLjy U MHTEH3UBHO nevetbe, beorpap, Cpbuja;
3YHNBEP3UTETCKI MEAULIMHCKN LieHTap ,3Be3gapa’, Cnyx6a 3a cHabaeBakbe KpBIbY 11 KpBHIM NpoayKTiMa, beorpag, Cpbuja

CAXETAK

YBop O6onenu of wehepHe 601ecTn NpeAcTaB/bajy 0ceT/byBY
rpyny JbyAun CKNOHY MHOEKLIUjN KOPOHABYPYCOM 2, KOji 113a3mBa
TeLWKM akyTHY pecnmpaTtopHu cuHapom (SARS-CoV-2). Bupyc
nma Behy adprHMTET Be3rBarba 3a peLienTope eH3rMa 3a KOH-
Bep3vijy aHrMoTeH3yHa, WTo omoryhasa edrikacaH ynasak BUpy-
ca y henujy, py>e 3agpxaBarbe Brpyca 1 MOryRHOCT HacTaHKa
WHCYJIMHCKE pe3ncTeHLmje 1 pa3Boj KeToaLuaose.

Mpuka3s 6onecHuKa lMpukasaH je cnyyaj ocobe ctapocTun 20
rofuHa Koja 6onyje op wehepHe 6onectu Tuna | ca 6unarepan-
Hom KoBug 19 nHeymoHujoMm. MprMerbeHa NONMBUTaMUHCKaA,
KOPTUKOCTEPOWAHA Tepanuja, TOLUI3ymab v nnasma pekoH-
BaslecLieHaTa H1Cy AoBeny Ao noborbluatba CTakba, a NoCToju
MoryRHOCT fja Cy AOBenu o noropluarba OCHOBHe 6onecTu,
rnojaBe BNCOKe BpeaHOCTY Wwehepa y KpBU 1 pa3Boja KeToaLu-
no3e. 36or panuaHor HanpegoBatba 6onecTy 1 noropLatba
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ynane nnyha 6onecHnua je MHTy6MpaHa 1 MeXaHUYKN BEHTUN-
paHa. Y Tepanujy cy yBeaeHu nmyHornobynunu (IVIg) 36or ceoje
CNocobHOCTV MogynaLmje umyHuTeTa. HakoH 48 catv fonasu o
noborbluarba racHe pa3meHe, CKOpPO NOTMyHe perpecyje npome-
Ha Ha nnyhrma, Hopmanusaumje MeTabonnyKmx 1 napameTapa
racHe pasmeHe. bonecHuua je HakoH 14 gaHa oTnywWwTeHa Ha
KyhHO neuere y Lo06pOM OMLITEM CTatby.

3akmbyuak Kosup 19 komnnumkoBaH wehepHom 6onewhy go-
BOAM A0 NOLUEr ncxofa 605ectu, anu aHTMBMPYCHa 1 MPOTYBY-
nasnHa akTmBHOCT /VIg HaBOAW Ha pa3muLLIbatbe fa MOXe Npea-
CTaB/baTyl KOPUCHO TePanujcKo CPeACTBO W Y Cyyajy KoBuaa
19. Koa npvikasaHor cnyyaja npyumeHa /VIig je Bpno 6p3o gosena
[10 NoboJbluatba CTakba 6oNeCHKa.

KrbyuHe peun: koBup 19; iujabetecHa KeToaLm03a; UMYHOITIO-
6ynuHY; 3anasbere niyha
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