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WHITE RATS’ THYROID GLAND MORPHOLOGICAL CHANGES THROUGHOUT
THE EXPERIMENTAL THERMAL INJURY IN CONDITIONS OF LACTOPROTEIN WITH
SORBITOL HYPEROSMOLAR SOLUTIONS ADMINISTRATION

e-mail: chekina.o@ukr.net

The purpose of the study was to establish the animal’s thyroid gland histological changes after thermal skin injury in
conditions of lactoprotein with sorbitol hyperosmolar colloid solution using. One day after the skin thermal injury and the
abovenamed solution application one could reveal changes in the thyroid gland of animals manifested as the perivascular and
interstitial edema, stasis in small vessels and the presence of a large number of resorption vacuoles inside the follicles’ colloid.
Three days after the skin thermal burn and the lactoprotein with sorbitol infusion the data did not show any progression of
edematous phenomena neither around the blood vessels of the organ nor in the stromal connective tissue. On the 7t and the 14t
days of a trial one could register the signs of thyroid gland capsule thickening and densification. Throughout the late stages of the
trial there were no signs of the inflammatory process in the thyroid gland connective tissue. A moderate organs’ vascular blood
filling was observed on the sections stained with hematoxylin and eosin. Thus, the use of a hyperosmolar colloid lactoprotein with
sorbitol solution as a corrective substance in experimental skin thermal injury reveals positive influence on the thyroid gland
morphological state. The first signs of intraglandular environment recovery began to be registered from the 7t day of the trial, and
the maximally expressed protective effect of lactoprotein with sorbitol hyperosmolar colloidal solution administration was
observed from the 21% day till the end of the experiment.

Key words: thyroid gland, burning injury, morphological disturbances, hyperosmolar colloid solution, lactoprotein,
sorbitol, pathogenetical correction.
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MOP®OJIOTTYHI 3MIHH IIATOMOMAIBHOI 3AJI031 BLIUX IIYPIB B TMHAMIIII
EKCIIEPUMEHTAJIBHOI TEPMIYHOI TPABMH 3A YMOB 3ACTOCYBAHHSA
T'IMEPOCMOJISIPHUX PO3UYHUHIB JIAKTOIIPOTEIHY 3 COPBITOJIOM

A A A A A A A A A A A A A A A A A A A A A A A B A A A A A A A A A A A e

MeTor0 OCIIPKEHHS CTaj0 BCTAHOBJICHHS TiCTOJIONIYHHMX 3MiH IIMTOMOAIOHOT 3aJI03U TBapHH MICIsl TEPMIYHOI TpaBMHU
LIKiPH Ta 32 YMOB KOPEKIIii IiepoCcMOIISIPHUMH KOJIOTTHUMH PO3UMHAMH JJAKTONPOTETHY 3 copbiTosom. Uepes 1 100y micns TepMigHOT
TpPaBMH ILIKipU Ta 3aCTOCYBAaHHs 3a3HAYEHOTO PO3YMHY Y LIMTOMOMIOHIN 3aj031 TBapWH BUSBJIEHI 3MiHH, IO MPOSIBISUIMCS
MEPUBACKYISIPHIM Ta iHTEPCTULIHHUM HAOPSKOM, CTa3aMH y CyAWHAX OPiOHOTO KamiOpy, HasBHICTIO BEJHMKOI KiTBKOCTI BaKyoIb
pe3opbuii y konoiai ¢omikyis. YUepes Tpu 00U Micss TEPMIYHOTO OMIKY IIKIpH Ta JO30BAaHOTO BBEIACHHS 1HQY3IHHOTO mpemnapary
JIAKTOIIPOTEIHY 3 COPOITOIIOM HE CHOCTEepiraiy MporpecyBaHHS BUHUKHEHHS HaOpSKOBHX SIBUII Hi JIOBKOJIA CYAWH KPOBOHOCHOTO
pycna opraHy, Hi y CTpoMaJbHIi criomyuHiii TkanuHi. Ha 7 Ta 14 mobm mocminy y muTomnoniOHiN 3amo03i criocTepiraid 03HAKH
MOTOBLICHHSI Ta YIIIIGHEHHS KarCyJii opraHy. Y Mi3HI TepMiHH EKCIEPUMEHTY Y CIIOJy4Hiil TKaHWHI IUTOMOMIOHOI 3a/I031 He
BiIMIYEHO O3HaK 3amajJbHOro mpouecy. Ha 3pi3ax, 3abapBieHMX TeMaTOKCHIIHOM Ta €03MHOM, CIIOCTEepiranocs MoMipHe
KPOBOHAIIOBHEHHSI CY/IMH Oprany. TakuM YMHOM, 3aCTOCYBaHHS TilIEPOCMOJISIPHOTO PO3YMHY JIAKTOIPOTEIHY 3 COPOITOJIOM B SIKOCTI
KOPHTYIOUOTO YHMHHHKA TP EKCIIEpUMEHTAIBHII TepMiuHill TpaBMi LIKipH ITO3WTHUBHO BIUIMBA€ Ha MOPQOJIOTIYHHMN CTaH
[IMTONOAIOHOT 31031 TBapHH. [lepiii 03HaKK BiTHOBICHHS BHYTPIITHB03JI03UCTOTO OTOYESHHS TI0YAJIA PEECTPYBATHCS, TOUNHAIOUH
3 7-1 mobu nmocrimy, a MaKCUMAIBHO BUPAKEHUH MPOEKTHBHHUN €()eKT Bil 3aCTOCYBaHHS TilIEPOCMOIISIPHOTO KOJIOITHOTO PO3UUHY
JIAKTOIIPOTEIHY 3 COPOITOIIOM crIOCTEpiraBcs, MOYMHAIUH 3 21-i 100H 1 A0 KiHIIS TOCHTidy.

Kawouosi cioBa: murtononiOHa 3amo3a, OmikoBa TpaBMa, MOP(]OIOTIUHI MOPYIIEHHS, TiNEPOCMOISIPHAN KOJIOITHHIN
PO3UHH, JIAKTOMPOTEiH, COPOITOIN, MATOTCHETHYHA KOPEKIIis.
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The work is fragments of scientific-research investigation “Peculiarities in micro-/ultramicroscopic structure and
histochemical properties of body tissues during the development of compensatory-adaptive reactions”, state registration
No 0121U108204.

Thermal injuries are one of the most urgent medical and social problems of modern medicine in
the world including Ukraine [8, 11]. More than 45000 people suffer from burns annually in Ukraine, such
indices occupy the third place in the structure of mortality after all received injuries; these indexes higher
only in case of traffic injuries [7]. The urgency of the burn injury problem determined by the following
aspects: frequent lesions of adults and children, postburn treatment complexity and duration, long-term
disability and relatively high mortality. Despite the significant progress achieved in the treatment of this
pathology, the mortality rate among severely burned patients remains high, especially with critical (40-
50 % of the body surface) and supercritical (over 50 %) deep burns [1, 4, 13].
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It is important that the thyroid gland in case of thermal factors of both of threshold and suprathreshold
intensity influencing is one of the first organs which undergone to thermal shock taking into consideration
the thyroid gland structural-functional organization and morpho-functional features, the massive duplicative
feedback mechanisms of its regulatory activity, the wide spectrum of thyroid hormones physiological activity
etc [5, 12].

We considered hypohydration as the leading clinical manifestations of thermal damage according
to fundamental concepts that’s why we tried to use 0.9 % physiological NaCl solution to eliminate the
thyroid gland parenchyma and cellular composition damage — these efforts turned out to be ineffective both
in case of morphological changes correction and certain functional disorders eradication [14, 15]. The
analogous results were proved by [10]. Taking into account the known burn disease pathogenetic
mechanisms with consecutive (and sometimes simultaneous) manifestations of hypoproteinemia,
hemoconcentration, formation of toxic syndrome, inflammatory and autoimmune reaction, we decided to
check the reasonability of colloid solutions administration with pharmacocorrective aim in conditions of
thyroid gland thermally induced disturbances of structure and function.

The purpose of the study was to establish the experimental animal’s thyroid gland histological
changes dynamic after thermal skin injury in conditions of lactoprotein with sorbitol hyperosmolar colloid
solution using.

Materials and Methods. Experimental trials were performed on 90 white male rats weighing 160-
180 g (obtained from the vivarium of the Institute of Pharmacology and Toxicology of the National
Academy of Medical Sciences of Ukraine) on the basis of the Research Center of N.I. Pirogov Vinnytsia
National Medical University. Animal keeping, handling and manipulation were carried out in accordance
with the “General Ethical Principles of Animal Experiments” adopted by the “General Ethical Principles
of Animal Experiments” adopted by the Fifth National Congress on Bioethics (Kyiv, 2013) and were
guided by the recommendations of the European Convention for the Protection of Vertebrate Animals for
Experimental and Other Scientific Purposes (Strasbourg, 1985) and guidelines of the State Pharmacological
Center of the Ministry of Health of Ukraine on “Preclinical studies of drugs” (2001) as well as rules of
humane treatment of experimental animals and conditions approved by the Committee on Bioethics of N.I.
Pirogov Vinnytsia National Medical University (Prot. N1 from 14.01.2010).

Thermal skin burns of 2-3 degrees were modeled by four copper plates (each surface area equal to
13.86 cm?) applying to pre-depilated side surfaces of the rat’s body for 10 sec, these rats were preheated
for 6 min in water with a temperature of 100 °C [9]. The total area of skin lesions was 21-23 %.

Rats were infused with lactoprotein with sorbitol hyperosmolar solution (10 ml/kg) once per day
throughout the first 7 days (the first administration was done 1 hr the skin burn) after the skin burn during
5-6 min into the lower femoral vein using a catheter. The catheter after placing was sutured under the skin,
its lumen along its entire length after each hyperosmolar solution administration was filled by a titrated
heparin solution (0.1 ml of heparin per 10 ml of 0.9 % NaCl solution). Animals were euthanized by
decapitation (after 1, 3, 7, 14 and 21 days). Shaving, venous catheterization, skin burns and decapitation of
rats were performed under propofol (i.v., 60 mg/kg) anesthesia.

Colloidal hyperosmolar lactoprotein with sorbitol solution (Kyiv JSC “Biopharma”, Certificate of
state registration of the Ministry of Health of Ukraine N 464/09—300200000 dated 12.03.2009) is a protein-
salt solution that contains donor albumin as a colloid base — 5 % , sorbitol — 6 %, sodium lactate — 2.1 %,
sodium chloride — 0.8 %, calcium chloride — 0.01 %, potassium chloride — 0.0075 %, sodium bicarbonate
— 0.01 %. The ionic composition of the drug has the following structure: Na* — 343.5 mmol/l, K* — 1.0
mmol/l, Ca** — 0.9 mmol/l, CI — 139.7 mmol/l, HCO3z — 1.2 mmol/l, CH;CH(OH)COO" — 187.4 mmol/l.
Solution osmolarity equals to 1020 mosmol/I.

Tissues for microscopic studies were collected 1, 3, 7, 14, 21 and 30 days after the skin thermal
injury using lactoprotein with sorbitol, and tissue histoprocessing was performed according to accepted
methods [3]. The thyroid gland samples were fixed with 10 % neutral formalin solution, then dehydrated
by passing through increasing concentrations of alcohol and embedded into paraffin blocks. The obtained
sections, 5-6 um thick, were stained with Hematoxylin-Eosin [3]. The thyroid gland samples collected for
electron microscopic examination were fixed with 2.5 % glutaraldehyde solution, then post-fixed with 1 %
osmium tetroxide prepared with phosphate buffer. Further processing was performed according to accepted
methods [3]. Ultrathin sections were stained with methylene blue.

The histological sections were examined under the MIKROmed SEO SCAN light microscope
(“Sumy Electron Optics”, Sumy, Ukraine), the photomicrographs were taken with the Vision CCD Camera
with an image output system for histological specimens.
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All morphological researches were performed under the Agreements on Scientific Cooperation
among the Histology, Cytology and Embryology Department of Odesa National Medical University and
Research Center of N.I. Pirogov Vinnytsia National Medical University (from 01.01.2018) and Histology
and Embryology Department of |. Horbachevsky Ternopil National Medical University (from 01.01.2019).

Results of the study and their discussion. One day after the skin thermal injury and the colloidal
hyperosmolar lactoprotein with sorbitol solution application one could reveal changes in the thyroid gland of
experimental animals manifested at the light-optical level by perivascular and interstitial edema, stasis in
small vessels and the presence of a large number of resorption vacuoles inside the follicles’ colloid (fig. 1 A).

Three days after the skin thermal burn and the lactoprotein with sorbitol infusion the histological
specimens did not show any progression of edematous phenomena neither around the blood vessels of the
organ nor in the stromal connective tissue. One could reveal the residual signs of the spaces between the
follicles of the organ expansion. The majority of follicles of the organ during this term of the trial were
lined with flat thyrocytes (fig. 1 B).

A B

Fig. 1. Microscopic changes of the thyroid gland after skin experimental thermal injury under the lactoprotein with sorbitol
solution administration. A—The 1% day of the trial. 1 —stasis in capillaries; 2 — interstitial edema; 3 — follicles with vacuoles resorption
in colloid. Hematoxylin-Eosin staining. x 400. B — The 3" day of the trial. 1 — follicles lined with flat thyrocytes; 2 — connective tissue.
Ultrathin cut. Staining with methylene blue. x 1000.

On the 7" and the 14" days of a lactoprotein with sorbitol hyperosmolar solution administration to
correct the thermal burn on the thyroid gland influence the signs of organs’ capsule thickening and
densification were observed. One could detect leukocyte’s cells in the stromal connective tissue and mainly
moderate both arterial and venous vessels blood filling. It should be mentioned that there were also
somewhat overexpanded and stagnant vessels (fig. 2 A).

In this time of the trial we observed more follicles lined with cuboidal epithelium compared with
the same data in early days after the burn using colloidal correction (fig. 2 B). Cellular detritus is present
in the cavity of some follicles which may indicate apoptotic processes in the epithelium or its local
destruction (fig. 2 C).

Throughout the late stages of the trial (21, 30 days) using lactoprotein with sorbitol solution there
were no signs of the inflammatory process in the thyroid gland connective tissue. A moderate organs’
vascular blood filling was observed on the sections stained with hematoxylin and eosin, their adventitia
thickening was visible somewhere. Most follicles are lined by cuboidal follicular epithelium with
basophilic nuclei and a small number of lumps of heterochromatin which is clearly visible on ultrathin
sections. It should be noted the interfollicular islands presence inside the thyroid gland parenchyma in these
terms of the experiment (fig. 3).

Thus, the use of a hyperosmolar colloid lactoprotein with sorbitol solution as a corrective substance
in experimental skin thermal injury reveals positive influence on the thyroid gland morphological state. A
structural condition of thyroid gland both the stromal and parenchymal components significant
improvement was established in the dynamics of the experiment. One could register also their relative
normalization in the late period of the trial.

It was proved that the first signs of intraglandular environment recovery began to be registered
from the 7" day of the trial, and the maximally expressed protective effect of lactoprotein with sorbitol
hyperosmolar colloidal solution administration was observed from the 21 day till the end of the
experiment. Drawing parallels with the burn disease stages classification we note that the correction we
applied showed effectiveness starting from the toxemia stage, and such a positive histological dynamics
lasted for 30 days.

We tried to perform the thyroid gland morphological state and its microenvironment
pharmacological correction taking into account burn disease pathogenetic mechanisms. Our choice of
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lactoprotein with sorbitol hyperosmolar colloidal solution was due to both hypovolemia and oxygen
deficiency correction failure [14, 15] which is somewhat consistent with the data [7, 8].

A

B

Fig. 3. Microscopic changes of the thyroid gland 30 days after skin experimental thermal injury under the lactoprotein with
sorbitol solution administration. A — 1 —moderately blood-filled vessels; 2 — follicles; 3 — interfollicular islands. Hematoxylin-Eosin
staining. x 400. B — 1 — follicles; 2 — interfollicular island. Ultrathin cut. Staining with methylene blue. x 400.

We suppose that we have chosen a sufficiently effective compound for the correction of thyroid
gland parenchyma, stroma and vascular environment thermally induced morphological disorders - a
hyperosmolar colloidal solution of lactoprotein with sorbitol. The positive component of this compound
hyperosmolarity as well as lactate, sorbitol and at least albumin molecules presence in its composition

induce the positive effect.

C

Fig. 2. Microscopic changes of the thyroid gland 7 and "14
days after skin experimental thermal injury under the under the
lactoprotein with sorbitol solution administration. A — The 71
day of the trial. 1 — moderately blood-filled arteriole; 2 — venule;
3 —follicles. Hematoxylin-Eosin staining. x 400. B — The 14" day
of the trial. 1 — follicles; 2 — connective tissue. Ultrathin cut.
Staining with methylene blue. x 1000. C — The 7% day of the trial.
1 —follicles; 2 — cellular detritus; 3 — connective tissue. Ultrathin
cut. Staining with methylene blue. x 1000.

B

We are in favour of sorbitol certain
pharmacodynamic advantages — its ability to be
metabolized in the human body without the insulin
participation ~ with  fructose-1-phosphate  and
fructose-6-phosphate formation which undergo
biological oxidation in the Krebs cycle with the
release of 3.4 kcal/g of energy [2]. Due to this,
sorbitol has a certain energetic potential and can be
utilized by cells which significantly reduces the risk
of its accumulation in the body and the development
of the “rebound” phenomenon. The high efficiency
of sorbitol-containing solutions in the intensive care
of intracranial hypertension syndrome in patients
with neuroinfections proves our idea to choose it as
the part of the complex pathogenetic correction of
thyroid gland ultrastructure in case of skin thermal
burning [2].

The positive side of hypertonic solutions
which contain sodium lactate is their ability to
increase cardiac output, improve microcirculation
and inhibit the wvascular endothelium and
neutrophilic granulocytes inflammatory response.
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Albumin use, in our opinion, is reasonable by its high oncotic activity which makes it possible to
eliminate hypovolemia. The following positive effects of its use we appreciate: antiplatelet effect and
interaction with nitric oxide to form S-nitrosotoluenes which can improve local blood flow. Albumin is
known to be involved in pyruvate dehydrogenase regulation in brain astrocytes and has a positive effect on
the bioenergetics of neurons; can bind calcium ions and reduce the reperfusion effects of the calcium
paradox; able to bind iron cations and inhibit lipid peroxidation, bind peroxide and peroxynitrite radicals.

One could suppose the pathogenetic reasonability of hyperosmolar colloid lactoprotein with sorbitol
solution after such a listing of this solution effects mechanism of realization. We believe that hyperosmolar
lactoprotein with sorbitol solution intravenous use under conditions of experimental skin burn injury induces
adaptogenic (cyto- and angioprotective) properties, prevents both edema and hemorrhages development,
avoids alteration and contributes also to thyroid gland intraglandular (stromal) composition repair.

In this aspect, it is important that colloid drugs, and most importantly - their early use, reduce
mortality in burn disease early and postponed periods [7, 15]. It was proved that such compounds
administration reduces the activity of the inflammatory cytokine, improves adaptation and compensatory
disturbed functions of internal organs affected by burn disease [7].

Resuming, we state that earlier infusion (starting from the 1% day of the experiment) of
hyperosmolar colloid lactoprotein with sorbitol solution showed pronounced efficacy starting from the 7%
day till the end of the trial which indicates the experimentally proven principle of thyroid gland parenchyma
and the periglandular environment adaptative, ischemic and necrotic changes.

We hope that in further experiments we will find out the likely positive effect of the tested
compound in the thyroid gland functional activity restoration and establish the exact timeOdependent
aspects of its administration.

1. Hyperosmolar colloid lactoprotein with sorbitol solution use as a corrective substance in
experimental skin thermal injury reveals positive influence on the thyroid gland morphological state.

2. A structural condition of thyroid gland both the stromal and parenchymal components significant
improvement was established in the dynamics of the experiment.

3. Hyperosmolar colloid lactoprotein with sorbitol solution use normalizes thyroid gland stromal
and parenchymal components in the late period of the trial.

4. The first signs of intraglandular environment recovery began to be registered from the 7" day of
the trial, and the maximally expressed protective effect of lactoprotein with sorbitol hyperosmolar colloidal
solution administration was observed from the 21 day till the end of the experiment.

Prospects for furthers researches include a comprehensive experimental investigation of principal possibility to improve
the thyroid gland and periglandular morphological elements pathomorphological disorders in condition of burn disease. This will
allow to develop the pathogenetically orientated therapy aimed to thyroid gland ultrastructure restoration and to renew the thyroid
gland functional activity throughout the post-burn period.
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FEATURES OF THE LIVER’S FUNCTIONAL STATE UNDER CONDITIONS
OF CRANIO-SKELETAL INJURY COMBINED WITH BLUNT ABDOMINAL TRAUMA
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Blunt abdominal trauma and cranioskeletal trauma were simulated in mature male Wistar rats. In a separate group of
rats, these injuries were combined. The control group consisted of intact animals. After 1, 3, 7, 14, 21 and 28 days, the rate of bile
secretion was determined in the experimental animals. It was established that in the dynamics of the post-traumatic period, the
additional infliction of blunt trauma to the abdomen significantly deepens the systemic impact of cranioskeletal trauma, which is
manifested by the deepening of liver dysfunction, in particular, a significant decrease in the rate of bile secretion with a minimum
of 14 days after inflicting the injury. By the 28th day of the experiment, the index increases, but does not reach the control level.
Therefore, the complication of cranioskeletal trauma by abdominal trauma is accompanied by an increase in the systemic impact
on the body with deepening liver dysfunction, which should be taken into account when developing measures to prevent and
correct multiorgan dysfunction of traumatic origin.

Key words: abdominal and craniocerebral trauma, hip fracture, hepatic excretion.
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OCOBJIMBOCTI ®YHKIHIOHAJIBHOTO CTAHY IIEYIHKH 3A YMOB
KPAHIOCKEJIETHOI TPABMU, IOE€JHAHOI 3 TYIIOIO TPABMOIO ) KUBOTA
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VY crareBo3pinux IIypiB-caMIIiB JiHii BicTap MoaentoBany Tymy TpaBMy JKHBOTa Ta KpaHIOCKENIETHY TpaBMy. B okxpemiii
rpymi IypiB i TpaBMU noeaHyBai. KOHTpONbHY IpyIly ckiain iHTakTHi TBapuHu. Uepes 1, 3,7, 14,21 ta 28 i y mignocimigHux
TBapWH BU3HAUAM MIBHIKICTH >KOBYOBWAIJICHHS. BCTaHOBIEHO, 1m0 B AWHAMILI MOCTTPaBMATHYHOTO MEPIOLY IOJaTKOBE
HAaHECEHHs TYINOi TPaBMU JKMBOTA CYTTEBO NOIIMONIOE CHCTEMHHMII BIUIMB  KPaHIOCKENETHOI TpaBMH, LIO B’SBISIOTH
HOTIIMONIeHHAM JUCHYHKIT NMeYiHKN, 30KpeMa CYTTEBUM 3HMDKSHHSIM IIBUJIKOCTI YKOBUOBHJIUICHHS 3 MiHIMyMoM uepe3 14 ni6
Ticist HaHeceHHs TpaBMu. J{o 28 100u excriepuMeHTy TOKa3HUK 3pOCTAE, IPOTE He A0cATae piBHI KOHTPoIo. OTxKe, YCKIIaTHEeHHS
KpaHIOCKeIeTHOI TpaBMH abJOMIHANIBPHOIO TPAaBMOIO  CYNpPOBOJDKYETHCS TOCWIICHHSM CHCTEMHOrO BIUIMBY HA OpraHi3Mm 3
HOTIIMONIEHHAM AUCQYHKIIT MediHKY, 0 JOIIJIBHO BPaxoBYBATH MPH PO3poOIi 3ax0iB MPodiNaKTHKH 1 KOPEKIii mogiopranHoi
IucyHKIIT TpPaBMaTHIHOTO TIOXOKEHHS.

KurodoBi ciioBa: abnoMiHaibHa i 4epermHO-MO3KOBa TpaBMa, IIEPEeJIOM CTeTHa, MEYIHKOBA eKCKPELlis.
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The study is a fragment of the research project “Pathogenetic features of systemic and organ disorders under the action
of extraordinary factors on the body”, state registration No. 0121U100071.

Traumatism is one of the urgent medical and social problems of today. Despite significant
achievements in the diagnosis and treatment of the injured, even under the conditions of effective provision
of emergency medical care, the level of mortality and lethality remains at a high level. In general, trauma
is the fifth leading cause of death after coronary heart disease, lung cancer, stroke, and chronic obstructive
pulmonary diseases [13].

The growth of traumatism in modern urbanized society is caused by a significant increase in a number
of technogenic, natural, social and military emergencies. In the structure of modern peacetime trauma, the
leading place is occupied by combined trauma, the prevalence of which, according to various authors, ranges
from 23.5 to 85.0 %. Among such injuries, the combined trauma of the skull and bones of the skeleton
(cranioskeleton trauma) stands out, which is characterized by a particularly severe course and high mortality [6].
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