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uremic syndrome

Amira Peco-Anti¢
University Children’s Hospital, Belgrade, Serbia

SUMMARY

The hemolytic-uremic syndrome (HUS) is characterized by microangiopathic hemolytic anemia, throm-
bocytopenia, and acute kidney injury (AKI). The major cause of HUS in childhood (>90%) is infection with
verocytotoxin (Shiga-like toxin —“Stx”)-producing bacteria, usually enterohemorrhagic Escherichia coli
(VTEC/STEC). The infection may be transmitted by the consumption of undercooked meat, pasteurized
dairy products, contaminated vegetables, fruits and water, or by contact with STEC diarrhea. After an
incubation period of three to eight days, patients commonly develop bloody diarrhea followed in 5-22%
by HUS that may be complicated by central nervous system, pancreatic, skeletal, and myocardial involve-
ment. HUS is one of the main causes of AKl in children in Europe. The management of HUS includes the
usual treatment of children with AKI. Transfusion with packed red blood cells is needed in case of a severe
anemia, while platelet transfusions are limited to the need for a surgical procedure or in active bleeding.
Currently, there is no consensus on the use of antibiotic therapy. Treatment with plasma and/or plasma
exchange has not been proven beneficial in STEC-HUS. Eculizumab has been used for the treatment of
STEC-HUS, but the value of this treatment remains to be determined. The mortality of HUS is reported
to be 3-5%. About 12% of patients will progress to end-stage renal failure within four years and about
25% will have long-term complications, including hypertension, proteinuria, renal insufficiency, and
insulin-dependent diabetes mellitus. Transplantation can be performed without increased risk for the
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recurrence of the disease.
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INTRODUCTION

The leading clinical features of hemolytic ure-
mic syndrome (HUS) are non-immune mi-
croangiopathic hemolytic anemia, thrombo-
cytopenia, and acute kidney injury (AKI) [1].
HUS is one of the main causes of AKI in chil-
dren in Europe [2]. Histopathology of HUS is
characterized by thrombotic microangiopathy
consisting of endothelial cell injury, activation
of coagulation with consequent microvascular
thromboembolic occlusion, and organ failure,
which is transient in the majority of cases [3,
4, 5]. HUS includes diseases that have simi-
lar histopathologic and clinical features, but
different pathogenesis. The initial, historical
classification of HUS distinguished two of its
types: typical or post-diarrheal (D+) HUS due
to Shiga toxin (Stx)-producing Escherichia coli
(STEC) and atypical HUS (aHUS) or diarrheal
negative (D-) HUS that included any HUS not
due to STEC [6]. This classification of HUS
based on pre-diarrheal syndrome proved to
be misleading as post-diarrheal onset does
not eliminate the diagnosis of aHUS. With in-
creasing the knowledge of HUS, especially with
better understanding of its molecular basis, the
European Pediatric Research Group for HUS
proposed a new classification of HUS and relat-
ed diseases into two sections. The first section
includes diseases with known etiology, and the
second one covers diseases with unclear causes
(Table 1) [7]. According to this HUS classifi-

cation, the previous name — diarrhea-positive
(D+HUS) or typical HUS - has been replaced
by the more accurate term STEC-HUS to un-
derline the essential role of Stx in the patho-
genesis of the disorder.

This paper addresses current knowledge
about HUS caused by STEC. It reviews the
historical features, etiopathogenesis, clinical as-
pects, and treatment of STEC-associated HUS.

HISTORY

The term HUS was first reported by Gasser et
al. [1] who described five fatal patients with
hemolytic anemia, renal failure, and throm-
bocytopenia. After about 30 years, Karmali
et al. [8] discovered the cause of this disease
and very soon Riley et al [9] described epi-
demics with painful bloody diarrhea linked by
the consumption of undercooked hamburgers
contaminated by E. coli O157:H7 [9]. O’Brien
et al. [10] pointed to the link between the toxic
properties of E. coli O157:H7 and that of Shi-
gella dysenteriae serotype 1.

ETIOLOGY

The major cause of STEC-HUS in childhood is
infection with enterohemorrhagic E. coli and in
some tropical regions Shigella dysenteriae type
1 [8, 11]. Verocytotoxin-producing Citrobacter
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Table 1. Classification of HUS and related disorders proposed by the
European Pediatric Research Group for HUS [7]

Part 1: Etiology advanced

Infection induced

(a) Shiga and verocytotoxin (Shiga-like toxin)-producing bacteria
(enterohemorrhagic Escherichia coli, Shigella dysenteriae type 1,
Citrobacter)

(b) Streptococcus pneumoniae, neuraminidase, and T-antigen
exposure

Disorders of complement regulation

(a) Genetic disorders of complement regulation

(b) Acquired disorders of complement regulation, for example
anti-FH antibody

von Willebrand proteinase, ADAMTS13 deficiency

(a) Genetic disorders of ADAMTS13

(b) Acquired von Willebrand proteinase deficiency; autoimmune,
drug induced

Defective cobalamin metabolism

Quinine induced

Part 2: Clinical associations or etiology unknown

HIV

Malignancy, cancer chemotherapy, and ionizing radiation
Calcineurin inhibitors and transplantation

Pregnancy, HELLP syndrome, and oral contraceptive pill

Systemic lupus erythematosus and antiphospholipid antibody
syndrome

Glomerulopathy
Familial, not included in Part 1

Unclassified

HUS - hemolytic uremic syndrome; FH - factor H; HELLP — hemolytic anemia,
elevated liver enzymes, and low platelets; HIV - human immunodeficiency
virus; ADAMTS - a disintegrin-like and metalloprotease with thrombospondin
type | repeats

Table 2. Annual incidence of hemolytic uremic syndrome (HUS) in

children
Cases of
Region Study time HUS/100,000 | STEC- Reference
9 period children (age, | HUS (%)
years)
British Isles 1985-88 0.65-0.91 (<16) 95 21
Argentina 2002 12.2 (<5) >90 22
France 1998 0.7 (<15) 83 23
Germany 1997-2000 0.7 (<15) 83 24
Norway 1999-2008 0.5 (<16) 81 25
USA 2000-2007 0.78 (<18) 90 26
Australia 1994-1998 0.64 (<15) 84 27
Austria 1997-2000 0.37 (<15) 83 24
Italy 1988-2000 0.28 (<15) 73 28
2011-2014 (all)
Serbia 1985-2014 0'28 2311 > 70 /
(D % PE) )

D - dialysis; PE - plasma exchange; STEC-HUS - Shiga toxin-producing Esch-
erichia coli hemolytic uremic syndrome

freundii has also been reported [12]. Synonymous for en-
terohemorrhagic E. coli (EHEC) are verotoxigenic, vero-
cytoxin-producing, or verocytotoxigenic E. coli (VTEC/
STEC). STEC expressing somatic (O) antigen 157 and
flagellar (H) antigen 7 are the serotype most frequently
associated with HUS, but at least during certain periods,
non-O157:H7 STEC appears to be more common [13-17].

E. coli produces Shiga toxins 1 (Stx1) and 2 (Stx2).
These toxins consist of two A and five B subunits. B sub-
units have affinity to globotriaosylceramide (Gb3Cer) re-

ceptors located in the membranes of glomerular, colonic,
and cerebral epithelial or microvascular endothelial cells,
as well as in renal mesangial and tubular cells, monocytes,
and platelets. The A subunit causes cell death by its N-
glycosidase activity, which inhibits protein synthesis at the
level of 28S ribosomal RNA [18].

EPIDEMIOLOGY

Most STEC infections are asymptomatic, or manifested by
non-bloody diarrhea, while minority have bloody diarrhea
and HUS. The majority of STEC-HUS cases are sporadic,
although large outbreaks have been reported [19]. Cattle
are a major reservoir of STEC infection, which does not
cause disease in them because their vascular endothelial
cells have no Gb3Cer receptors. The infection may be
transmitted by the consumption of undercooked meat,
pasteurized dairy products, contaminated vegetables,
fruits, and water, or by contact with STEC diarrhea. The
risk of HUS development is higher in patients infected
with EHEC O157:H-, in children younger than five years
of age, those who use antimotility agents while use of an-
tibiotics remains controversial [20]. Bloody diarrhea, fe-
ver, vomiting, leukocytosis, and not receiving intravenous
hydration and volume expansion were also recognized as
risk factors for HUS development [21].

An average annual incidence for HUS in children un-
der 15 years of age is about 0.7 per 100,000 [21-28]. The
highest HUS incidence worldwide occurs in Argentina
(12.2 cases/100,000 children aged < 5 years) [22], and the
lowest incidence was reported in Italy (0.28 cases/100,000
children <15 years old [28]. The incidence rate in Serbia
is also low (Table 2). The reasons for variable incidence
in different regions are unclear, but it may be related to
exposure to STEC, and potential genetic susceptibilities
of specific populations.

STEC-HUS is a dominant form of HUS in children with
the participation of 72-95% of all cases of HUS. It is more
common in younger children, with most cases occurring
in summer’s months. At the beginning of May 2011, a large
outbreak of STEC infections started in northern Germany
[19]. More than 3,800 cases of E. coli-positive infections
were reported, including 845 patients with HUS. Major-
ity (88%) of the patients with HUS were adults, with an
overrepresentation of women. This may be explained by
ingestion of infected sprouts, which are rarely consumed
by young children.

PATHOGENESIS

A major event in the pathogenesis of HUS is the EHEC
colonization of the colon. EHEC strains express adhesins
by which they adhere to the intestinal epithelial cells. [18].
They may cause colitis with bloody diarrhea due to intes-
tinal cell death and vascular damage. Infected intestinal
cells secrete cytokines in the intestine and into the circula-
tion. It is proposed that Stx is transported in circulation by
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leukocytes and platelets, which also transport Stx to the
microvasculature of the target organs that possess Gb3Cer
receptors [18]. After B subunit of Stx binds to the Gb3Cer
receptor, A subunit is transported to the Golgi apparatus
and releases a protease which inhibits ribosomal function,
leading to cell death. This process can also activate signal-
ing pathways which induce an inflammatory response in
affected cells. In fact, binding of Stx to its receptors has at
least dual effect - the first one stimulating the release of
cytokines including TNF-a, IL-1, and IL-6, and the sec-
ond effect being cytotoxic, directly killing the cells. [18].
The released cytokines induce an inflammatory reaction,
which amplifies further secretion of cytokines, and in as-
sociation with Stx, lipopolysacharide, and other virulence
factors increase the cytotoxic damage. Thus, Stx is capable
of stimulating cells to release cytokines as well as inducing
cell death by inhibition of protein synthesis or by apopto-
sis. In contrast to the brain, kidneys and other Gb3Cer-en-
dowed organs prone to inflammatory and cytotoxic EHEC
effects, monocytes, polymorphonuclear cells, and platelets
are resistant to the Stx cytotoxic effects [18]. Stx provokes
direct endothelial damage by a ribotoxic stress response
and by increasing inflammation stimulating expression of
cytokines and chemokines. These lead to the formation
of microthrombi, followed by injury of the target organs,
especially the kidney and the brain. In addition, damaged
endothelium causes fragmentation of erythrocytes with
consequent hemolytic anemia while platelet consump-
tion results in thrombocytopenia. Glomerular thrombi
and damage to tubular epithelial cells decrease glomerular
filtration and cause AKI.

The role of complement activation in STEC-HUS is
still a subject of debates. In vitro studies of endothelial
cells have demonstrated that exposure to Stx increases
expression of P-selectin, which binds and activates C3 via
the complement alternative pathway [29]. The C3a that
is produced following the cleavage of C3 potentates the
activation of the alternative pathway of complement, re-
duces the expression of thrombomodulin, and promotes
thrombus formation [29]. Reports of low serum levels
of C3 in children with STEC-HUS date back to the early
1970s [30]. More recent studies have confirmed C3 reduc-
tions in severe cases of STEC-HUS [31].

CLINICAL ASPECTS

The interval between ingestion of E. coli and the onset of
diarrhoea is usually three days. About 50% of these pa-
tients develop nausea and vomiting. Only 30% have fever.
Bloody diarrhea occurs in about 90% of cases. The colon
can be quite severely affected. Severe colitis can result in
transmural necrosis with perforation and/or later develop-
ment of colonic stricture. HUS is typically attained about
a week after the onset of diarrhoea in 5-15% of cases, but
during outbreaks it may increase up to 30%. Thrombocy-
topenia is the first abnormality in most patients. Patients
suffer from hemolytic anemia, thrombocytopenia, and
renal failure [6]. Elevation of pancreatic enzymes is com-

| doi: 10.2298/SARH1612664P

mon, and edema of the pancreas, indicative of pancreatitis,
can be detected by ultrasound or computed tomography
scan. Hematological manifestations include the following:
acute decay of hemoglobin, fragmented erythrocytes, low
or undetectable levels of haptoglobin, thrombocytopenia,
and massive increase of lactate dehydrogenase (LDH). By
definition, all patients with STEC-HUS manifest some
degree of renal insufficiency. Approximately 30-40% of
the patients will require dialysis therapy for an average
duration of 10 days.

The majority of patients show a complete restitution.
Poor prognostic factors for chronic renal disease include
neutrophilia >20,000/ml, shock during the acute phase,
anuria for more than two weeks, central nervous system
involvement, severe colitis and/or rectal prolapse, renal
cortical necrosis, extensive renal thrombo-microangi-
opathic lesions (50% glomeruli), and proteinuria at one
year [20, 32-35]. The multivariate model which included
all markers for severe acute disease showed that the asso-
ciation with poor long-term outcome was stronger for the
use of plasma treatment than for other markers of severe
acute disease such as neurological symptoms, hyperten-
sion, use of dialysis, and longer duration of dialysis [34].
Neurological complication occurs in 20-25% of patients
with STEC-HUS [34]. They represent a combined effect
of Stx-induced vascular injury, endothelial dysfunction,
hypertension, and electrolyte disorders. Their manifesta-
tions may be seizures, loss of consciousness, thrombotic
strokes, and cortical blindness, but also sudden death [34].
Skeletal muscle involvement and myocardial lesions are
rare clinical manifestations.

Mortality rates in pediatric STEC-HUS range from
1-5% in sporadic cases, but in some outbreaks may be
even up to 11%. Acute mortality rate declined dramatically
with the introduction of early dialysis for severely affected
oligo-anuric patients. Brain involvement is the most com-
mon cause of death, and less frequent causes are conges-
tive heart failure, pulmonary hemorrhage, hyperkalemia/
arrhythmia, and bowel perforation/hemorrhagic colitis.
Having in mind long term complications, it is important
to follow up patients who had HUS for at least five years,
and over longer periods if indicated. Strict blood pressure
regulation and normalization of proteinuria is very impor-
tant for control of chronic kidney disease progression [36].

DIAGNOSIS

The tests required for a diagnosis of STEC-HUS are pre-
sented in Table 3. Main clinical diagnostic criteria include
combination of microangiopathic anemia, thrombocyto-
penia and AKI. The criterion for anemia is age-dependent
and sex-dependent and the confirmation of the microan-
giopathic character is based on microscopic review of the
peripheral smear and detection of schistocytes. In addi-
tion to monitoring the hemoglobin, hemolytic parameters
(LDH, haptoglobin), hematocrit, and platelet count, pa-
rameters of level of renal function, amylase, lipase, glucose,
and liver function studies should be performed during the
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Table 3. Tests for diagnosing hemolytic uremic syndrome

General investigations:

Chemistry including renal and liver function, LDH, glucose, urate,
lipase, amylase

Full blood count, microscopic review of the peripheral smear and
detection of schistocytes

Clotting screen

Urine examination, proteinuria, albuminuria
Stool microscopy and culture
VTEC serology (ELISA and western blot)

Molecular diagnosis of STEC in stool directly with ELISA or
indirectly by VT PCR

Selective investigations:
Direct Coombs test

Thorax and abdominal X-ray

Renal and abdominal ultrasound
Abdominal CT

ECG

EEG

MRI (or CT) of the brain

Renal biopsy if required

LDH - lactate dehydrogenase; VTEC - verocytotoxigenic Escherichia coli;
ELISA - enzyme-linked immunosorbent assay; STEC - Shiga toxin-producing
Escherichia coli; VT PCR - verotoxin polymerase chain reaction; ECG -
electrocardiogram; EEG - electroencephalogram; MRl — magnetic resonance
image; CT - computed tomography

acute phase of the disease. Screening for and isolation of
EHEC from stool specimens has the highest likelihood of
positive culture on the third day. Molecular diagnosis of
STEC can be done in stool directly with the detection of
Stx with enzyme-linked immunosorbent assay (ELISA)
or indirectly (Stx genes) with polymerase chain reaction
(PCR). Specific serogroup identification can be achieved
using ELISA and western blot with specific antibodies de-
tection, both in the acute and convalescent periods. E. coli
0157: H7 can best be detected by plating of fresh feces
on sorbitol-MacConkey agar. This agar has sorbitol, not
lactose, as a carbon source. Unlike most human fecal E.
coli, 0157:H7 strains cannot ferment sorbitol after over-
night incubation on sorbitol-MacConkey agar, and they
therefore appear as colorless colonies.

Selective investigations include Coombs test, which is
negative in HUS, thorax and abdominal X-ray, renal and
abdominal ultrasound. In case of pancreatitis or suspect
collection, it is necessary to perform abdominal com-
puted tomography. Electrocardiogram should be done in
case of presented cardiac failure and/or severe electrolyte
disturbance. Neurological examination screens for cen-
tral nervous system involvement, electroencephalogram
and magnetic resonance imaging / radiographic imaging
is needed in symptomatic patients. Renal biopsy is very
rarely required. In the renal histology, the arteriolar affer-
entes — and more rarely the arteriolar efferentes — show
swelling of the endothelial cell, subendothelial deposits of
fibrinoid substances, and thrombosis of the arterioles. In
the glomerulus, swelling of capillary endothelial cells and
capillary dilatation are found. The deposits of fibrin in the
capillaries, including thrombosis and hyalinosis, are also
described. Tubular damage, focal or segmental, with necro-
sis and atrophy is of significance for long-term outcome.

THERAPY

There is no specific therapy for STEC-HUS. The man-
agement of HUS includes the usual treatment of children
with AKI [37]. Early diagnosis and supportive care are
of major importance. Maintaining an appropriate renal
perfusion is very important in preventing HUS. Studies
show that adequate pre-HUS volume expansion is associ-
ated with lesser AKI in HUS [35]. Packed red cell transfu-
sion is indicated for Hb <6 g/dl, or in case of Hb <7 g/dl,
but symptomatic. It may worsen hyperkalemia and cause
volume overload. Platelet transfusion is rarely indicated
unless invasive surgery is planned or there is intracranial
hemorrhage. Preferred treatment for hypertension is with
vasodilators [38]. Renal replacement therapy should be
implemented according to the usual indications in AKI
[39]. Medication that could elevate the risk or worsen
AKI (diuretics, NSAIDs, ACE inhibitors, and nephrotoxic
agents) should be avoided. Currently, much controversy
revolves around antibiotic treatment of EHEC. They are
not a part of routine management. However, recent data
suggest that fluoroquinolones and azithromycin might
actually be beneficial in preventing HUS or decreasing
the severity of symptoms in STEC-HUS patients [40, 41].
Well-designed studies are needed to establish the role of
antibiotics in this setting.

Plasma treatment is currently the treatment of choice
for atypical HUS patients and is at times used in severe pe-
diatric patients with STEC-HUS without proven beneficial
effects [19, 20]. The assumption that plasmapheresis can
remove the Stx from the circulation is not based on hard
evidence [42]. Unlike the usual practice for the limited
application of plasmapheresis in pediatric patients with
STEC-HUS, in adult patients plasma therapy has until re-
cently been “the cornerstone of treatment” [43, 44]. Multi-
center retrospective case-control study which included 298
adult patients with STEC-HUS, in which plasmapheresis
was carried out in 84% of the patients, questioned this
traditional therapeutic approach as no benefit or only
marginal benefit was found [42]. Neutralizing monoclo-
nal antibody of Stx is promising amongst new therapies
in the development of Stx [41]. The Synsorb® Pk (Synsorb
Biotech Inc., Calgary, Canada) was not found to be benefi-
cial, but Starfish has been shown to bind to Stx 1,000 times
more efficiently than Synsorb® Pk [41]. Eculizumab is a
recombinant, humanized, monoclonal immunoglobulin
G antibody directed against C5 protein, inhibiting acti-
vation of the terminal complement pathway. It is clearly
indicated in some children with atypical HUS, but its value
in patients with STEC-HUS remains to be determined [19,
45]. Anti-motility agents, anticoagulation, antiaggregation
and fibrinolysis are not associated with better outcome.
Corticosteroids, plasmapheresis, and plasma infusion are
not superior to supportive therapy. Renal transplantation
in “classic” HUS is rare and recurrence of STEC-HUS is
the absolute exception [21]. Therefore, in patients with
Stx-associated HUS, transplantation can be performed
without increased risk for transplant failure.
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PREVENTION

Preventive measures and effective therapies remain im-
portant goals. They can be summarized into three cat-
egories: (1) infection prevention (exposure reduction, ac-
tive immunization against ‘protective’ bacterial antigens
and Stx), (2) primary or causal therapies targeting Stx
directly, and (3) secondary therapies, aiming at down-
stream molecular and pathological events (inhibitors of
stress-activated protein kinases, apoptosis, the thrombotic
cascade) [41]. More recently, advanced, multibranched
Stx receptor analogs and polymers, and peptide-based
intracellular toxin inhibitors have been developed with
therapeutic potential for oral and intravenous application
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XeMONUTUUKK YPEMMCKM CUHAPOM M3a3BaH ELIePUXMUjOM KOIM Koja NPOAYKYje

TOKCHH LWiura

Ammpa Meuo-AHTuh
YHVBep3uTeTCKa fleyja KnuHWKa, beorpag, Cpbuja

KPATAK CALIPXKAJ

Xemonutnukn ypemujcku cruHapom (XYC) KapakTepuiiue MyKpo-
aHr1omnaTcka XeMos3Ha aHeMuja, TPOMOOLMTOMNEHNja U aKyT-
Ho owTehere 6y6pera (AOB). MasHu y3pok XYC (>90%) y ae-
TUHHCTBY je nHdeKLmja n3a3BaHa 6akTepujama Koje npomyKyjy
BEPOLIMTOTOKCHH (ClIYaH TOKCKHY Lnrena —,stx”), Hajuewhe
eHTepoxemoparujckom etuepuxujom konw (VTEC/STEC). Undek-
Lja ce MOXe MpeHeTn ynoTpe6om HeKyBaHOT Meca, nacTepy-
30BaHUX MJIEYHVX NPOV3BOAA, KOHTaMMHMpaHor nospha, Boha
1 BOAE, NI KOHTAKTOM ca ocobama Koje nmajy aujapejy. Mocne
MHKy6aLMOHOr Neproaa of TPU A0 0caM AaHa 6onecHnLm 06-
MYHO [06Wjy XeMOparujckn KONUTUC, NOCTE Kojer ce Kof 5-22%
obonenux passuja XYC Koju Moxe 61TV KOMNIMKOBaH eKCTpa-
peHanHum nopemehajuma ykbyhyjyhu nopemehaje LeHTpan-
HOT HEPBHOT CMCTeMa, MaHKpeaca, CKeneTHor Mulumha v cpua.
STEC XYC je jepaH o rnaBHux y3poka AOb kog geue y EBponu.

PeBusuja « Revision: 17/10/2016

Jleuerbe XYC kop feue obyxBaTa yobuyajeHu TpetmaH AOB.
TpaHcoy3uja eputpoumTa je NoTpebHa Kop TellKke aHeMuje, a
TpaHcdy3mja TpomboLMTa CaMo Mpe XUPYpPLUKe MHTEPBEHLMje
UNU KO aKTUBHOT KpBapetba. YnoTpeba aHTMOMOTHKA Huje
jacHo peduHMcaHa. Huje fokazaHo KOPUCHO AejcTBO NHY3Wja
nnasme nnu nnasmadepese. Euynusymab je npumerbeH Kog
obonenux og STEC XYC-a, anu KOpUCT OBOT TPETMaHa ocTaje
Tek Aa ce TayHuje carnepa. Ctona moprtanuTeTa je 3-5%. Koa
0KO 12% 6onecHuka XYC nporpagmpa y TepmuHanHy 6yopexHy
VHCYGULIMjeHLM]Y Y TOKY YETUPU roamnHe, a y 25% he umatu oy-
roTpajHe KoMnauKauuje ykibyuyjyhu xvnepreHsujy, nosehaHy
npoTeviHypujy, 6y6pexHy NHCybULMjEHLM]Y U MHCYNNH-3aBN-
CHY aujabetec menutyc. TpaHcnnaHTaumja 6ybpera ce Moxe
npumeHnTU 63 pr3rKa of noBpaTka bonectu.

KmbyuHe peun: akyTHO owtehetbe bybpera; aeua; J-XYC
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