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ABSTRACT

Canine babesiosis caused by Babesia canis canis is one of the commonest canine diseases in Croatia,
especially in the area of capital city, Zagreb. Babesiosis is a multi-system disease and multiple organ dysfunction
syndrome (MODS) develops from systemic inflammatory response syndrome (SIRS), which is a hallmark of
babesiosis. Therefore, the purpose of this study was to conduct detailed research of the incidence of SIRS and
MODS as well as organ systems involvement in a large number of dogs naturally infected with B. canis canis
in Croatia. Out of 332 dogs with canine babesiosis, 226 dogs (68 percent) fulfilled the SIRS criteria and were
considered as SIRS positive. Among them 151 dogs (67%) fulfilled two SIRS criteria, 66 dogs (29%) fulfilled
three criteria and only 9 dogs (4%) fulfilled all four SIRS criteria. Thirty-three dogs (10%) fulfilled the MODS
criteria. Among them 22 dogs (66%) had two organ involvement, 10 dogs (31%) had three organ involvement
and in only 1 dog (3%) four organ dysfunction was present. The incidence of organ involvement in MODS was
as follows: renal dysfunction (30/33), liver dysfunction (20/33), muscle involvement (19/33), lung dysfunction
(16/33), cerebral involvement (3/33). Among MODS positive dogs, 22 dogs died and 11 dogs survived
babesiosis. In dogs with two organ involvement, survival was 45%, in dogs with three organ involvement
survival was 10%, while in the group with four organ dysfunction mortality was 100%. It can be concluded that
in cases of canine babesiosis caused by B. canis canis, in which MODS developed, an unfavourable outcome
should be taken into consideration.
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Introduction

Canine babesiosis is a tick borne disease caused by the intra-erythrocytic protozoan
parasites from the genus Babesia. In Europe it is caused by the Babesia canis, Babesia
gibsoni, Babesia conradae and Babesia microti-like species, provisionally classified as
Theileria annae (UILENBERG et al., 1989; TABOADA and MERCHANT, 1991; ZAHLER et
al., 2000; CAMACHO et al., 2001). There are three antigenically different subspecies of B.
canis: B. canis canis, B. canis vogeli and B. canis rossi (UILENBERG et al., 1989). Canine
babesiosis caused by B. canis canis is a very common cause of morbidity of dogs in
Croatia, especially in the area of the capital city, Zagreb (CACCIO et al., 2002; MATIJATKO
et al., 2007; BECK et al., 2009; BRKLJACIC et al., 2009).

On the basis of clinical manifestation, the disease can be classified as uncomplicated
or complicated (LOBETTI, 1998; JACOBSON, 2006). The typical signs of uncomplicated
babesiosis are pale mucous membranes, fever, anorexia, depression, splenomegaly and
water hammer pulse (TABOADA and MERCHANT, 1991). The clinical manifestation
of complicated form is variable and includes acute renal failure, cerebral babesiosis,
coagulopathy, icterus and hepatopathy, immune-mediated haemolytic anaemia (IMHA),
peracute babesiosis, acute respiratory distress syndrome (ARDS), haemoconcentration
and shock (LOBETTI, 1998).

The different clinical manifestations of canine babesiosis are difficult to relate only to
haemolysis. In recent years more and more authors are proposing a uniform mechanism
that leads to different clinical manifestations (JACOBSON and CLARK, 1994; LOBETTI,
1998; MATIJATKO et al., 2007). It is based on the hypothesis that systemic inflammatory
response syndrome (SIRS) and consequent multiple organ dysfunction syndrome (MODS)
provide the underlying pathophysiological mechanism within which unrelated aspects
of babesiosis form a recognisable pattern. Since babesiosis, like human malaria caused
by Plasmodium falciparum, can be classified as “protozoal sepsis” (BONE et al., 1992;
JACOBSON et al., 2002), it is likely that the inflammatory mechanisms in this disease are
similar to those of other septic conditions clinically characterised by SIRS and MODS.

SIRS is the clinical expression of the acute phase reaction (PANNEN and ROBOTHAM,
1995; NYSTROM, 1998) and is considered to be present if two or more of the following
occur: tachycardia, tachypnoea (or respiratory alkalosis), hypothermia or hyperthermia,
leukocytosis or leukopenia and neutrophilic left shift (CIPOLLE, 1993). The presence of
SIRS and MODS has been described in canine babesiosis caused by B. canis rossi, which
is the most pathogenic subspecies of B. canis (WELZL et al., 2001). In Croatia the vast
majority of canine babesiosis are caused by B. canis canis (CACCIO et al., 2002; BECK
et al., 2009; BRKLJACIC et al., 2009), which is the most common causative organism in
Europe as well (CACCIO et al., 2002; DUH et al., 2004; FOLDVARI et al., 2005; SOBCZYK
et al., 2005).
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Therefore, the purpose of this study was to conduct research into the incidence of
SIRS and MODS as well as organ systems involvement on large number of dogs naturally
infected with B. canis canis in Croatia. Moreover, it has been proven that different babesia
isolates vary in their virulence and pathogenicity and cause different forms of canine
babesiosis (SCHETTERS et al., 1997). As a result, it is interesting to investigate clinical
forms of canine babesiosis in every region.

Materials and methods

The records of all patients with developed complicated babesiosis on admission that
were treated at the Clinic for Internal Diseases of the Faculty of Veterinary Medicine,
Zagreb from January 2000 to December 2007, were reviewed retrospectively. Babesiosis
was diagnosed by demonstration of parasites within the infected erythrocytes in
Romanowsky-stained thin blood smears. All the dogs with confirmed babesiosis and
complete laboratory and clinical data necessary for SIRS and MODS classification, which
were SIRS positive and showed at least two organ dysfunctions, were included in this
study. All the dogs that fulfilled MODS criteria but were SIRS negative were excluded
from the study.

Dogs were clinically examined, which included neurological examination and
determination of small animal coma scale score in non hypoglycaemic animals (OLIVER
et al., 1997). Thoracic radiography was performed for all the dyspnoeic dogs. The blood
samples for analysis were collected from the cephalic vein. The samples were placed in
tubes with EDTA for haematological analysis and tubes with no anticoagulant, which
were centrifuged at 1200 x g prior to biochemical analysis. White blood cell count (WBC),
platelet count and haematocrit (HCT) were determined using an automatic haematology
analyzer (System 9120; Serono Baker Diagnostic) while serum creatinine, alanine
aminotranspherase (ALT), alkaline phosphatase (AP), creatine phosphokinase (CPK),
glucose and serum bilirubin were determined using a biochemical autoanalyser Olympus
AU 600. Analyses were performed using standard methods and original reagents of the
manufacturer (Olympus).

The SIRS criteria used in this study were established on the basis of the criteria
proposed by OKANO et al. (2002). The animal was classified as SIRS positive if two or
more of the following criteria were fulfilled: body temperature higher then 39.7 °C or
lower then 37.8 °C, heart rate more then 160 beats per minute, respiration rate more then
40 breaths per minute and WBC count less than 4x10°/L or more than 12x10%L or more
than 10 percent band neutrophils.

The animal was classified as MODS positive if two or more of the following criteria
were fulfilled: renal dysfunction (serum creatinine more than 180 pmol/L - reference
values 44-140 umol/L), liver dysfunction (alanine aminotranspherase, ALT, more than
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176 U/L - reference value less than 88 U/L, and alkaline phosphatase, AP, more than 360
U/L - reference value less than 156 U/L), central nervous system dysfunction (a modified
Glasgow coma scale score less than 9) (SHORES, 1989; WELZL et al., 2001), respiratory
system dysfunction (radiographic pulmonary oedema, dyspnoea or blood/tinged frothly
nasal discharge), muscular involvement (creatine phosphokinase, CPK, more than 600
U/L - reference value less than 160 U/L). We included bilirubin value greater than 100
pmol/L (reference value 1.7-8.6 pmol/L) as an additional criterion for liver dysfunction
(WEISER, 1992).

One dose (6 mg/kg) of imidocarb dipropionat (Imizol®, Schering-Plough) was
administered to all the dogs subcutaneously on the day of admission. Additional
treatment consisted of various fluids (hydroxyethyl starch and crystalloids in twenty six
dogs; human albumin, hydroxyethyl starch and crystalloids in two dogs whose albumin
concentration were below 20 g/L; whole blood transfusion in a dog whose haematocrit
was 7%). The dog that developed DIC received additionally fresh plasma. All the dogs
that were dyspnoeic or had radiographic signs of pulmonary oedema received oxygen
supplementation via intranasal tubes or oxygen cage.

The prognostic values of the presence of SIRS and MODS were tested using the ROC
curve analysis. Values of area under the curve higher than 0.75 were considered good,
while values of the area under the curve higher than 0.92 and 0.97 were considered very
good and excellent respectively.

Results

Three hundred and thirty-two cases fulfilled the selection criteria for canine babesiosis
and were included in the study. The study population comprised fifty-one pure breeds and
mixed breed dogs (Table 1). There were 196 males and 136 female dogs.

Two hundred and twenty-six dogs (68 percent) fulfilled the SIRS criteria and were
considered as SIRS positive. Among them 151 dogs (67%) fulfilled two SIRS criteria,
66 dogs (29%) fulfilled three criteria and only 9 dogs (4%) fulfilled all four SIRS criteria
(Fig. 1). The prognostic value of SIRS is shown in Fig. 2.

Thirty-three dogs (10%) fulfilled the MODS criteria (Fig. 3). Among them 22 dogs
(66%) had two organ involvement, 10 dogs (31%) had three organ involvement and in
only 1 dog (3%) four organ dysfunction was present (Fig. 4). The most common organ
system involvement in MODS was: renal dysfunction (30/33), liver dysfunction (20/33),
muscle involvement (19/33), lung dysfunction (16/33), cerebral involvement (3/33) (Fig.
5).

Among MODS positive dogs, 22 dogs died and 11 dogs survived babesiosis (Table 2).
In dogs with two affected organs survival was 45%, in dogs with three organ involvement
survival was 10%. The only dog with four affected organs died (Fig. 6).
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Table 1. Breeds of dogs included in the study

canine babesiosis

Breed No. of patients
Mixed 93
Rottweiler 23
English cocker spaniel 21
Labrador retriever 21
German shepherd 20
Poodle 14
Golden retriever 14
Pekinese 13
Alaskan malamut

Doberman

German boxer

Collie

Belgian shepherd

Siberian husky

Irish setter

Toy poodle

Staffordshire bullterrier

Yugoslavian shepherd dog Sharplanina

Giant schnauzer

West highland white terrier

Bernese dog

Beauceron

Dalmatian

English bulldog

Croatian sheepdog

Yorkshire terrier

Maltese dog

Great dane

German pointer shorthaired

Miniature pinscher

Bobtail

NI RININN(ND(NN W W R AR PPN

Alpine dachsbracke, Argentinean dog, Basset, St. Bernard dog, Beagle,
Boston terrier, Chow-Chow, English setter, Epagneul breton, Fox terrier,
Miniature schnauzer, Schnauzer, Shorthaired dachshund, Wirehaired
dachshund, Cavalier king Charles spaniel, Neapolitan mastiff, German
hunting terrier, Pit bull terrier, Pointer, Pomeranian, Bosnian and
Herzegovinian - Croatian shepherd dog, Welsh terrier

1 (total 22)

Total number of patients

332
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Table 2. Comparison of mortality rate for MODS and non-MODS canine babesiosis

Criteria Survivors Non-survivors
MODS positive 33% 67%
MODS negative 95% 5%
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Fig. 2. ROC curve analysis for prognostic value of SIRS in predicting outcome
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Fig. 3. Percentage of dogs that developed MODS due to canine babesiosis.
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Fig. 4. Number of affected organs in MODS positive dogs with canine babesiosis.
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Fig. 5. Distribution of organ involvement in dogs that developed MODS due to acute canine
babesiosis
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Fig. 6. ROC curve analysis for prognostic value of MODS in predicting outcome
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Fig. 7. Comparison of the mortality rates for different numbers of failed organs in dogs with
canine babesiosis

The presence of SIRS showed poor prognostic value while the presence of MODS
showed excellent prognostic value in predicting the outcome of babesiosis (Figs. 2, 7).

Discussion

This study included a large number of dogs of more than 50 breeds. On the basis
of hospital records, the breed distribution roughly represents the popularity of breeds in
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Croatia. Also, in this study there were 196 males and 136 females. This ratio between
male and female dogs with babesiosis could be explained by the predominance of male
dogs in Croatia.

Complicated babesiosis includes manifestations that cannot be directly explained by
haemolysis but appear to be the result of the host inflammatory response to the parasite,
rather than the parasite itself. This is thought to explain similarities between various
conditions such as babesiosis, malaria, sepsis, multiple trauma, and burns (JACOBSON and
CLARK, 1994). These similarities have provoked scientists to change the original definition
of sepsis being caused exclusively by bacteria. According to the current definition, sepsis
may be caused by viruses, fungi and parasites. It is now considered that sepsis is SIRS
with the proven presence of an infectious agent in the blood (BONE et al., 1992).

SIRS is frequently present in canine babesiosis (WELZL et al., 2001). Since the
SIRS criteria in human medicine were established through the process of consensus
conference (BONE et al., 1992), the SIRS concept has been widely used to judge prognosis
in emergency and intensive care fields because of its simplicity and usefulness (SUN and
AIKAWA, 1999). In veterinary, as in human, medicine different authors have proposed
different SIRS criteria (PURVIS and KIRBY, 1994; HAUPTMAN et al., 1997; BRADY and
OTTO, 2001; OKANO et al., 2002). The cut-off values for the SIRS criteria are a major issue
in veterinary medicine since normal values for temperature, heart rate and respiratory rate
vary in dogs due to the significant variations in their size (HOUSTON and RADOSTITS,
2000). The results of a study conducted by WELZL et al. (2001) strongly indicate that
the criteria used to identify SIRS in veterinary medicine need revision, as a significant
number of dogs with MODS were not recognised as SIRS positive. In this study the SIRS
criteria proposed by OKANO et al. (2002) were used, because this is a tested model that has
showed the best prognostic value in canine babesiosis of all SIRS criteria models used
in veterinary medicine (KIS, 2007). In our study we also identified dogs that were SIRS
negative but fulfilled the MODS criteria. Our results showed that the presence of SIRS
was not useful in predicting outcome (area under the curve 0.53) (Fig. 2). Since our study
was designed to review the data in concordance with the established SIRS and MODS
criteria, and to compare them with the results already published of the prevalence and
main features of MODS in canine babesiosis in other countries, these dogs were excluded
from this study. Thus, our study also confirms the necessity of revision of SIRS and
MODS criteria in veterinary medicine.

Babesiosis is a multi-system disease (JACOBSON, 2006). Multiple organ dysfunction
syndrome is documented in canine babesiosis caused by B. canis rossi (WELZL et al.,
2001). GORIS et al. (1985) hypothesized that MODS develops as the consequence of
dysregulation of proinflammatory and anti-inflammatory mechanisms resulting in
overwhelming auto-destructive inflammation. Ninety-one percent of MODS positive
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dogs in this study showed signs of renal dysfunction, 61% of them had liver dysfunction,
57% had muscle damage, 48% showed lung damage and 9% had cerebral involvement.
In contrast WELZL et al. (2001) reported that the most frequently organ involved during
B. canis rossi infection was the liver, then kidney, muscles, lungs and the central nervous
system. The differences between the aforementioned study and our study are that in our
study renal dysfunction was more frequent than liver dysfunction, and the incidence
of muscle damage was higher. The higher incidence of liver dysfunction in the study
conducted by WELZL et al. (2001) may be the result of the diversity of illnesses caused
by B. canis rossi and B. canis canis. In the aforementioned study, bilirubin as a liver
dysfunction criterion was not included because bilirubin was not considered sensitive
enough in a haemolytic disease such as babesiosis. JACOBSON and CLARK (1994) reported
that hepatic impairment should always be considered in an icteric dog. WEISER (1992)
reported that bilirubin values greater than 100 pmol/L should be suggestive of coexisting
hepatic dysfunction in haemolytic disease. MATIJATKO et al (2009) in their study of septic
shock in babesiosis found very high levels of bilirubin which was not attributable to
haemolysis alone, because they found the highest levels of bilirubin in non-anaemic and
slightly anaemic dogs. Based on all these results, we decided to include serum bilirubin
values higher than 100 pmol/L as an indicator of liver dysfunction.

The exceptionally high incidence of renal dysfunction (90 percent of dogs) could be
explained by the fact that patients with MODS are also hypotensive, and hypotension
causes poor tissue perfusion, especially detrimental to renal tissue (BONE et al., 1992;
BAGSHAW and BELLOMO, 2006; ALDRICH, 2007; MATIJATKO et al., 2009). Renal
dysfunction could also be explained by the cytokine release. Injecting the tumour necrosis
factor (TNF) into rats (TRACEY et al., 1986) or dogs (TRACEY et al., 1987) produces acute
renal tubular necrosis, the very lesions seen in canine babesiosis (MAEGRAITH et al., 1957,
LOBETTI etal., 1996). However, pre-renal azotaemia, with no structural renal damage, can
also lead to elevated serum creatinine concentrations. This cannot be ruled out entirely
because this is a retrospective study which limits numerous extrapolations. Nevertheless,
post-mortem examination revealed damage to the kidneys: parenchymal dystrophy and/
or acute tubular necrosis in seven dogs.

Inflammatory mediators can also cause acute lung injury. The number of patients that
showed lung dysfunction in this study was very similar to the results obtained by WELZL
et al. (2001). The most frequent sign of lung involvement noted was dyspnoea which in
some cases progressed into pulmonary oedema.

WELZL et al. (2001) stated that: “muscle damage followed an interesting pattern
representing the lowest percentage of all affected organs in the single-organ failure group,
but rising steeply to second place in triple-organ failure”. Since in our investigation, most
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patients had two or three-organ involvement, our results are in fact in concordance with
the aforementioned study.

As in the study conducted by WELZL et al. (2001) CNS involvement was also the rarest
complication seen in our study. Hypoglycaemia was excluded in cases with neurological
signs since neurological signs often attributed to cerebral babesiosis could also be caused
by hypoglycaemia, which has been reported in dogs with babesiosis caused by Babesia
canis rossi (KELLER et al., 2004; NEL et al., 2004). Cerebral babesiosis is a well known
form of babesiosis in South Africa (PURCHASE, 1947, BOTHA, 1964; JACOBSON, 2006).
It is interesting that CNS involvement was only present in our study as a part of MODS
and not as single organ damage as noted in the South African form of babesiosis (WELZL
etal, 2001).

There are several proposed mechanisms that can promote the development of MODS.
The first mechanism is related to the parasite. High parasitaemias are unlikely to be the
sole trigger of MODS in canine babesiosis considering the fact that some dogs with low
parasitemias developed septic shock (BOHM et al., 2006; MATIJATKO et al., 2009). The
second proposed mechanism is tissue anoxia caused by lysis of erythrocytes (JACOBSON
and CLARK, 1994). This hypothesis is in direct contradiction with the results obtained
by REYERS et al. (1998) because in their study of canine babesiosis the highest mortality
rate was in the group of non-anaemic dogs. Another possible mechanism is excessive
host inflammatory response to the parasite due to overproduction of inflammatory
mediators. The arguments for the cytokine theory mechanism are supported by the fact
that acute phase protein production is increased in canine babesiosis (MATIJATKO et al.,
2007) and acute phase protein synthesis is a direct consequence of increased cytokine
production (BAUMANN and GAULDIE, 1994; STEEL and WHITEHEAD, 1994; PANNEN and
ROBOTHAM, 1995; GABAY and KUSHNER, 1999; CERON et al., 2005). On the other hand,
the concentration of CRP did not show prognostic value, because it was not associated
with outcome in babesiosis caused by B. canis rossi (KOSTER et al., 2009). The last fact
that has to be taken into consideration is that it has been proven that different strains of
B. canis canis and B. rossi cause different clinical forms of babesiosis (CARCY et al.,
2006; MATJILA et al., 2009). Moreover, different babesia strains can be directly linked
with the outcome and prognosis of babesiosis (MATJILA et al., 2009). Since the strains of
B. canis canis were not determined in this study, we cannot rule out that the development
of MODS is not the consequence of infection by a highly pathogenic strain of Babesia
canis canis.

The mortality in MODS is very high and in human medicine can reach 80-100%
(CIPOLLE, 1993). Mortality increases with the number of failing organs and in cases with
two failing organs mortality is 60-70%, when there are three failing organs present it is
above 90%, while in cases with four failing organs mortality is 100% (FRY et al., 1980). In
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our study mortality in the group with two failing organs was 55%, in group with 3 failing
organs the mortality was 95%. There was only one animal with four affected organs so
we cannot comment meaningfully on mortality in this group. It is very interesting to
mention the results of a study of canine babesiosis caused by B. canis rossi in which
was concluded that development of MODS does not influence the outcome of this
disease (WELZL et al, 2001). Since we have determined that the development of MODS
has an excellent prognostic value of outcome (area under the curve 0.92, Fig. 6), our
results are in direct opposition with the above mentioned study, but are in concordance
with other studies of MODS (FRY et al., 1980; CIPOLLE, 1993; MATIJATKO et al., 2009).
The possible explanation for this difference between canine babesiosis studies could
be the high incidence of hypotension and consequential development of septic shock
in babesiosis in Croatia (MATIJATKO et. al., 2009), which is apparently not the case in
the South African form of babesiosis caused by B. canis rossi (JACOBSON et al., 2000).
However, babesiosis caused by B. canis rossi and babesiosis caused by B. canis canis are
considered to be different diseases, with different clinical manifestations (SCHETTERS
et al.,, 1997). Moreover, even in babesiosis caused by the same subspecies of Babesia
the clinical manifestation could be different if caused by different strains (MATJILA et
al., 2009). Therefore, it is necessary to determine the strains of B. canis canis in order to
comment on the results better.

Finally, it may be concluded that in cases of canine babesiosis caused by B. canis
canis, in which MODS developed, an unfavourable outcome should be taken into
consideration. We can also conclude that in MODS the mortality rate increases with the
number of failing organs. The results in this study are original and we present them in
order to document the presence of MODS in canine babesiosis in Croatia as well as to
investigate the incidence of MODS and the incidence of organ involvement in MODS
due to canine babesiosis caused by B. canis canis. However, since this is a retrospective
study, we believe that a prospective case-controlled study should be undertaken in
order to minimise all the possible flaws of retrospective studies. As a further step in the
investigation of canine babesiosis in Croatia, it is of great importance to determine the
strains of B. canis canis and their pathogenicity in order to link them to complications and
outcome of babesiosis.
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SAZETAK

Babezioza uzrokovana prazivotinjom Babesia canis canis jedna je od naj¢es¢ih bolesti pasa u Hrvatskoj,
osobito u podru¢ju oko glavnoga grada Zagreba. Babezioza je bolest koja zahvaca vise organskih sustava,
a sindrom visestrukoga zatajenja organa (engl. multiple organ dysfunction syndrome) razvija se iz sindroma
sustavnog upalnog odgovora (engl. systemic inflammatory response syndrome), koji je karakteristiCan za
babeziozu. Cilj ovoga rada bio je prouditi pojavnost sindroma sustavnog upalnog odgovora i sindroma
visestrukoga zatajenja organa na velikom broju pasa koji boluju od babezioze, kao i ucestalost zahvacenosti
pojedinih organskih sustava u sindromu visestrukoga zatajenja organa. Od 332 psa s potvrdenom babeziozom
226 pasa (68%) razvilo je sindrom sustavnog upalnog odgovora. Od njih je 151 pas (67%) ispunio 2 kriterija, 66
pasa (29%) ispunilo je 3 kriterija, dok suu 9 pasa (4%) bila ispunjena sva Cetiri kriterija. Trideset i tri psa ispunila
su kriterije za sindrom viSestrukoga zatajenja organa. Od njih su 22 psa (66%) imala zahvacena po dva organska
sustava, 10 pasa (31%) imalo je zahvacena tri organska sustava, dok je samo 1 pas (3%) imao zahvacena
Cetiri organska sustava. Najcesce zahvaceni organski sustavi u sindromu visestrukoga zatajenja organa bili su:
uropoetski sustav (30/33), jetra (20/33), miSi¢je (19/33), di$ni sustav (16/33) i sredi$nji ziv€ani sustav (3/33).
Od pasa koji su razvili sindrom visestrukoga zatajenja organa 22 su uginula dok ih je 11 prezivjelo babeziozu.
Prezivljavanje pasa u kojih su bila zahvacena 2 organska sustava bilo je 45%, sa zahvacena 3 organska sustava
bilo je 10%, dok je smrtnost sa zahvacena 4 organska sustava iznosila 100%. Na temelju rezultata se moze
zakljuditi da je razvoj sindroma viSestrukoga zatajenja organa u babeziozi pasa prognosticki znacajan i da u
slucaju da se sindrom razvije raste i vjerojatnost nepovoljnog ishoda.

Kljuéne rije¢i: babezioza, pas, sindrom sustavnog upalnog odgovora, sindrom viSestrukog zatajenja

organa
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