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ABSTRACT
The objective of this study was to determine the prevalence 
of infectious complications in burn patients requiring inten-
sive care in a one-day multicenter study encompassing burn 
centers in various European countries. 
Material and methods: The European Burns Association da-
tabase identified 87 centers in Western and Eastern Europe, 
27 of which agreed to cooperate. American Burn Association 
recommendations were used for diagnosis of various infec-
tious complications in patients with thermal trauma. 
Results: From those centers, we randomly assigned 134 pa-
tients (44 women) to the analysis. Mean age of the group was 
40.39 ± 22.17(SD) years. Mean abbreviated burn severity index 
was 7.5±2.54, mean size of burned area was 30.49 ± 20.14% 
of total body surface area. Mean length of hospitalization to 
date was 24.32 ± 30.64 days. Infectious complications were 
observed in 92 patients (68.7%), 76 (56.7%) of whom met the 

SOUHRN
Lipový B., Brychta P., Řihová H., Hanslianová M., Loskotová 
A., Jarkovský J., Kaloudová Y., Suchánek I.: Prevalence 
infekčních komplikací u popálených pacientů vyžadujících 
intenzivní péči: data z panevropské studie
Cíl studie: Stanovit prevalenci infekčních komplikací 
u popálených pacientů vyžadujících intenzivní péči v rámci 
jednodenní multicentrické studie za účasti řady popáleni-
nových center z různých zemí Evropy. 
Materiál a metodika: Celkem bylo v databázi EBA vybráno 
87 center jak v západní, tak i ve východní Evropě. Pro dia-
gnostiku jednotlivých infekčních komplikací u pacientů s ter-
mickým traumatem, byla použita doporučení ABA (Americká 
popáleninová asociace). Získaná data byla statisticky zpra-
cována.
Výsledky: Celkem bylo do studie zařazeno 134 pacientů 
(44  en) z 27 popáleninových center v Evropě. Průměrný věk 
pacientů v souboru byl 40,39 roku (SD ± 22,17). Průměrné 
ABSI bylo 7,5 (SD ± 2,54), průměrný rozsah popálené plochy 
byl 30,49 % TBSA (SD ± 20,14). Průměrná délka hospitalizace 
v den provedení studie byla 24,32 dní (SD ± 30,64). Infekční 

criteria for infection of the burned area, 26 patients (19.4%) 
for bloodstream infection, 21 (15.7%) for pneumonia, and 13 
(9.7%) for urinary system infection. Multifocal infections were 
found in 29 patients (21.6%). Gram-positive bacterial strains 
as potentially pathogenic microorganisms were identified in 
67 patients (50.0%), Gram-negative bacterial strains in 73 
(54.5%), and yeasts in 18 (13.4%) patients. Filamentous fungi 
were not isolated from any patient in the group. 
Conclusion: Cornerstone future standards in individual burn 
centers should be to monitor the occurrence of infectious 
complications in burn patients, prevent the spread of these 
complications, and report resistant pathogens. This work 
constitutes an important project in this area.
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komplikace byly zjištěny u  92 pacientů (68,7 %). Celkem 
76 pacientů (56,7 %) splňovalo kritéria pro infekci popálené 
plochy, 26 pacientů (19,4 %) pro infekci krevního řečiště, 
21 pacientů (15,7 %) pro pneumonii, 13 pacientů (9,7 %) pro 
infekci močového systému. U  29 pacientů (21,6 %) byla 
zjištěna multifokální infekce.
U 67 pacientů (50,0 %) byl zjištěn jako potenciálně patogenní 
mikroorganismus grampozitivní kmen bakterie, u 73 pacientů 
(54,5 %) gramnegativní kmen bakterie a u 18 pacientů (13,4 %) 
byla zjištěna kvasinka. U žádného z pacientů v souboru ne-
byla izolována vláknitá houba.
Závěr: Jedním ze základních pilířů budoucích standardů 
v  jednotlivých popáleninových centrech je monitorování 
výskytu infekčních komplikací u popálených pacientů, pre-
vence šíření těchto komplikací a hlášení rezistentních pato-
genů v Evropě. Předkládaná práce je důležitým projektem 
právě v této oblasti. 
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popáleniny – infekční komplikace – bakterie – inhalační 
trauma – Evropa
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INTRODUCTION
Infectious complications today constitute a significant 
medical and economic problem both for severely burned 
patients and in patients requiring intensive care ge-
nerally. Severely burned patients are confronted daily 
with numerous potentially pathogenic microorganisms 
(PPMs). Thus, prevention and treatment of infectious 
complications during the treatment of thermal trauma 
is the greatest challenge facing all burn teams around 
the world. From the perspective of developing infectious 
complications, patients with serious or critical burn 
injuries are among the most vulnerable on the whole. 
Necrotic tissue resulting from burns provides an excellent 
growth medium not only for bacteria but also for yeasts 
and fungi [1].
Patients with severe burns often develop a  specific  
form of immunodeficiency or immunosuppression, 
which is determined especially by the severity of the 
trauma [2].

MATERIALS AND METHODS
It was first necessary to discuss this project with the 
European Burns Association (EBA). After the neces-
sary documentation had been prepared and presen-
ted, the project was unanimously approved by the 
EBA’s International Scientific Council on 19 March 2011. 
Thereafter, individual burn centers in Europe providing 
intensive care for patients with thermal trauma were 
identified and contacted utilizing the EBA database. 
A query of the database returned 87 relevant centers in 
Western and Eastern Europe. The study’s design was pre-
pared in detail and carried out by questionnaire. During 
the first phase, all centers returned by the database query 
were sent an initial letter. In accordance with promises 
for active participation, the next step was to establish 
clear objectives and criteria while setting the exact date 
of the 1-day prevalence study and then to send out the 
questionnaire. Due to the absence of clear recommen-
dations from the EBA for the diagnosis of individual 
infectious complications in patients with thermal trau-
ma, the recommendations formulated by the American 
Burn Association were used [3]. To evaluate the severity 

of burn trauma, the abbreviated burn severity index 
(ABSI) score was used [4].

Statistical processing
Categorical variables were described by the absolute and 
relative frequencies of the categories and continuous 
variables were described by the mean and standard de-
viation (SD) as well as the median and 5-to-95 percentile 
range. Due to the asymmetric distribution of a number of 
continuous variables, mean values should be interpreted 
as an overall characterization of the analyzed popula-
tion; medians can then be interpreted as characteristic 
of a typical patient within the group. 
The non-parametric Mann–Whitney U test was used to 
test the differences in continuous variables between 
groups of patients. In the case of categorical variables, 
the chi-squared test of maximum plausibility was used. 
Logistic regression was used for analyzing risk factors 
for patient death. 
Statistical significance for all tests was set at the level 
α = 0.05. Statistical analyses were made in IBM SPSS 
Statistics software version 20.0.0 (Armonk, New York, 
USA).

RESULTS
Basic demographic data 
The study included a  total of 27 burn centers from 12 
European countries. Of the 134 patients included in 
the dataset, 44 were women (32.8%). Thus, the ratio of 
men to women was 2.65:1. The mean age (± SD) of the 
group was 40.39 ± 22.17 years. The youngest patient was 
one year old, the oldest 83 years old. The study included 
20 children (14.9%) 0–19 years of age. Fig. 1. shows the 
patient population’s age distribution.
The mean extent of the burned area for patients within 
the group was 30.49 ± 20.14% of total body surface area 
(TBSA). The largest number of patients was hospitalized 
with burned areas within a range of 11–20% of TBSA (43 
patients, or 32.1%) followed by those within range 21–30% 
of TBSA (25 patients, or 18.7%). The distribution of patient 
numbers according to the extent of the burned area is 
shown in Fig. 2. 

Figure 1. Age distribution of patients in the group
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Figure 2. Distribution of patients according to extent of burned area

The mean length of hospitalization to date as of the  
day of microbiological investigation was 24.32 ± 30.64 
days. The largest numbers of patients had been hos-
pitalized for 10 days or less since being admitted due 
to the burn injury (45 patients, 33.6%) and the second 
largest group had been in the hospital already for 11–20 
days (43 pa tients, 32.1%). Fig. 3. shows the distribution 
of patient numbers according to length of hospitali-
zation to date. 
The mean ABSI value for patients within the cohort was 
7.5 ± 2.54. The highest number of patients was recorded 
in the category ≤ 5 (37 patients, 27.6%) and then in the 
categories 6–7 and 8–9 (32 patients each, 23.9%). The 
category ABSI ≥ 12 contained only 7 patients (5.2%). The 
highest ABSI value recorded for patients in the cohort 
was 15.

What is the risk of developing infectious complications in severely 
burned patients? What is the most common infection localization in 
severely burned patients? 
Of the total 134 patients, 92 patients (68.7%) had at least 
one infectious complication in the screening day. A total 
of 29 patients (21.6%) had multifocal infections. The most 
common infectious complication was infection of the 
burned area, which was recorded in 76 patients (56.7%). 
Table 1 describes the frequency of infectious complica-
tions in burned patients included in the group.

How does the risk of developing infectious complications correspond 
to the ABSI value? 
In the group with ABSI values ≤ 5, infectious compli-
cations were observed in 17 patients (45.9%). All these 
patients had infections of the burned area and only one 

Figure 3. Distribution of patients according to length of hospitalization to date
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patient had also a diagnosed retropharyngeal abscess. 
In the category ABSI 6–10, already 55 patients (72.4%) 
had verified infectious complications. In the group with 
ABSI values ≥ 11 totaling 21 patients, 20 (95.2%) of them 
had specified infectious complications. Table 2 provides 
a complete overview of the risk of developing infectious 
complications according to the ABSI values, including 
characterization of individual organ systems.

What are the age and gender proportions for developing infection? 
How does the length of hospitalization correlate with the risk of 
developing infectious complications? 
The studied group included 44 women and 90 men. In 28 
women (63.6%) and 64 men (71.1%), at least one infectious 
complication was diagnosed. Statistically significant dif-
ferences by gender were not observed in any of the fields, 
including that of multifocal infectious complications. 
Mean age of patients with infectious complications was 
43.5 years, and that of patients without infection was 

40.0 years. Across all subperiods for length of hospitali-
zation to date, there occurred an increase in the number 
of patients with diagnosed infections in relation to the 
duration of that hospitalization. While in the period up 
to 10 days from the start of hospitalization infectious 
complications were diagnosed in 25 out of a total of 45 
patients (55.6%), in the period longer than 41 days of 
hospitalization infectious complications were observed 
in 14 out of 15 patients (93.3%). 
A complete evaluation of the impact of age, gender, and 
length of hospitalization to date on the risk of developing 
infectious complications overall and by individual organ 
systems in patients within the group is shown in Table 3.

What is the spectrum of major pathogens in severely burned patients? 
How does the PPM spectrum causing infection differ during the 
 treatment of thermal trauma? 
A total of 168 PPMs were isolated from patients in the 
study. Bacteria had the highest proportion, with a total 
of 67 isolates of Gram-positive and 73 of Gram-negative 
bacteria. In 10 cases, the specific PPMs responsible for 
infection were not detected on the day of the study. 
Gram-negative bacteria dominated as the etiological 
agent in the development of nosocomial pneumonia 
(52.4% of cases) while Gram-positive bacteria were more 
frequently isolated as agents developing bloodstream 
infections (53.8%). Representation of individual PPMs in 
the different organ systems is shown in Table 4. 
The most common PPM in the studied group was 
Pseudomonas aeruginosa, which was isolated in 42 cases 
and caused 47.4%of infections of the burned area and 
19.0% of cases of nosocomial pneumonia. Staphylococcus 
aureus was identified as the causative agent in the burned 
area in 38.2% of such infections and 19.0% of cases of 

Table 2. Representation of individual potentially pathogenic microorganisms in individual organ systems of patients in the study

Infection Presence of 
infection N (N=134) ABSI1 p1

ABSI - category
p2

≤ 5 (N=37) 6 - 10 (N=76) ≥ 11 (N=21)

NP
No 113 7 (4 - 11)

0,001
37 (100.0%) 61 (80.3%) 15 (71.4%)

0,002
Yes 21 9 (6 - 13) 0 (0.0%) 15 (19.7%) 6 (28.6%)

BSI
No 108 7 (4 - 11)

<0.001
37 (100.0%) 58 (76.3%) 13 (61.9%)

< 0.001
Yes 26 9 (7 - 12) 0 (0.0%) 18 (23.7%) 8 (38.1%)

BWI
No 58 7 (4 - 12)

0,005
20 (54.1%) 35 (46.1%) 3 (14.3%)

0,007
Yes 76 8 (4 - 12) 17 (45.9%) 41 (53.9%) 18 (85.7%)

UTI
No 121 7 (4 - 11)

0,009
37 (100.0%) 67 (88.2%) 17 (81.0%)

0,013
Yes 13 9 (7 - 12) 0 (0.0%) 9 (11.8%) 4 (19.0%)

Other
No 127 7 (4 - 11)

0,012
36 (97.3%) 74 (97.4%) 17 (81.0%)

0,022
Yes 7 11 (4 - 15) 1 (2.7%) 2 (2.6%) 4 (19.0%)

Multifocal
No 105 7 (4 - 11)

<0.001
36 (97.3%) 59 (77.6%) 10 (47.6%)

< 0.001
Yes 29 10 (6 - 13) 1 (2.7%) 17 (22.4%) 11 (52.4%)

Total
No 42 6 (4 - 9)

<0.001
20 (54.1%) 21 (27.6%) 1 (4.8%)

< 0.001
Yes 92 8 (4 - 12) 17 (45.9%) 55 (72.4%) 20 (95.2%)

NP = nosocomial pneumonia
BSI = bloodstream infection
BWI = burn wound infection
UTI = urinary tract infection
1ABSI score is described using the median and 5–95% percentile. Tested using the Mann–Whitney U test. 
2Tested using the chi-squared test of maximum plausibility.

Table 1. Representation of individual infectious complications in 
patients within the group (N = 134)

Infection N (%)

Nosocomial pneumonia 21 (15.7%)

Bloodstream infection 26 (19.4%)

Burn wound infection 76 (56.7%)

Urinary tract infection 13 (9.7%)

Other 7 (5.2%)

Multifocal infection 29 (21.6%)

At least one infection 92 (68.7%)

proLékaře.cz | 16.5.2024



292016, 65, č. 1       EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE

PŮVODNÍ PRÁCE
Ta

bl
e 

3.
 C

om
pl

et
e 

ev
al

ua
ti

on
 o

f t
he

 in
flu

en
ce

 o
f a

ge
, l

en
gt

h 
of

 h
os

pi
ta

liz
at

io
n 

to
 d

at
e,

 a
nd

 g
en

de
r o

n 
th

e 
ri

sk
 o

f d
ev

el
op

in
g 

in
fe

ct
io

us
 c

om
pl

ic
at

io
ns

 o
ve

ra
ll 

an
d 

by
 in

di
vi

du
al

 o
rg

an
 

sy
st

em
s 

in
 t

he
 p

at
ie

nt
 p

op
ul

at
io

n

In
fe

ct
io

n

N
To

ta
l 

(N
 =

 9
2)

p
N

P 
(N

 =
 2

1)
p

B
SI

 
(N

 =
 2

6)
p

BW
I 

(N
 =

 7
6)

p
U

TI
 

(N
 =

 13
)

p
O

th
er

 
(N

 =
7 

)
p

M
ul

ti
fo

ca
l 

(N
 =

 2
9)

p

G
en

de
r2

Fe
m

al
e

4
4

28
 (6

3.
6%

)
0

,3
84

6 
(1

3.
6%

)
0

,6
47

8 
(1

8.
2%

)
0

,8
0

2
22

 (
50

.0
%

)
0

,2
73

6 
(1

3.
6%

)
0

,2
93

2 
(4

.5
%

)
0

,8
0

3
7 

(1
5.

9%
)

0
,2

50

M
al

e
90

6
4 

(7
1.1

%
)

15
 (

16
.7

%
)

18
 (

20
.0

%
)

54
 (6

0
.0

%
)

7 
(7

.8
%

)
5 

(5
.6

%
)

22
 (

24
.4

%
)

A
ge

1

W
ith

 in
fe

ct
io

n
92

43
.5

 (
1.0

 
- 

73
.0

)
0

,5
45

4
0

.0
 

(1
.0

–7
3.

0)
0

,0
82

4
0

.0
 

(1
.0

–7
3.

0)
0

,2
70

4
6.

5 
(1

.0
–7

4
.0

)
0

,11
6

4
0

.0
 

(1
.0

–7
2.

0)
0

,0
15

42
.0

 
(1

.0
–7

3.
0)

0
,2

0
4

4
0

.0
 

(1
.0

–7
3.

0)
0

,14
7

W
ith

ou
t i

nf
ec

tio
n

42
4

0
.0

  
(1

.0
 -

 7
2.

0)
50

.0
 

(2
8.

0
–6

6.
0)

4
4

.5
 

(2
0

.0
–7

1.0
)

39
.0

 
(1

.0
–7

1.0
)

56
.0

 
(2

9.
0

–7
7.

0)
53

.0
  

(3
8.

0
–7

2.
0)

4
4

.0
 

(2
7.

0
–7

0
.0

)

A
ge

-c
at

eg
or

y2

< 
20

 y
ea

rs
22

15
 (6

8.
2%

)
0

,2
0

4
0

 (0
.0

%
)

0
,0

36
1 (

4
.5

%
)

0
,15

8
14

 (6
3.

6%
)

0
,6

0
0

0
 (0

.0
%

)
0

,0
4

8
0

 (0
.0

%
)

0
,4

23
0

 (0
.0

%
)

0
,0

0
2

20
 -

 4
0

 y
ea

rs
4

0
28

 (
70

.0
%

)
7 

(1
7.

5%
)

9 
(2

2.
5%

)
24

 (6
0

.0
%

)
2 

(5
.0

%
)

2 
(5

.0
%

)
11

 (
27

.5
%

)

4
0

 -
 6

0
 y

ea
rs

4
0

28
 (

70
.0

%
)

7 
(1

7.
5%

)
10

 (
25

.0
%

)
23

 (
57

.5
%

)
6 

(1
5.

0
%

)
3 

(7
.5

%
)

13
 (

32
.5

%
)

> 
60

 y
ea

rs
32

21
 (6

5.
6%

)
7 

(2
1.9

%
)

6 
(1

8.
8%

)
15

 (4
6.

9%
)

5 
(1

5.
6%

)
2 

(6
.3

%
)

5 
(1

5.
6%

)

H
os

pi
ta

liz
at

io
n1

W
ith

 in
fe

ct
io

n
92

17
.5

 
(3

.0
–9

7.
0)

0
,0

0
4

27
.0

  
(5

.0
 –

38
.0

)
0

,0
75

26
.5

 
(7

.0
–1

16
.0

)
0

,0
0

1
16

.0
  

(3
.0

–1
16

.0
)

0
,2

13
29

.0
  

(1
1.0

–1
80

.0
)

0
,0

0
3

19
.0

 
(5

.0
–3

5.
0)

0
,5

55
28

.0
 

(5
.0

–1
16

.0
)

0
,0

0
1

W
ith

ou
t i

nf
ec

tio
n

42
11

.5
  

(1
.0

–3
8.

0)
14

.0
 

(2
.0

–9
7.

0)
13

.0
 

(2
.0

–7
0

.0
)

13
.5

 
(1

.0
–6

1.0
)

14
.0

 
(2

.0
–7

0
.0

)
15

.0
 

(2
.0

–9
5.

0)
13

.0
 

(2
.0

–6
9.

0)

H
os

pi
ta

liz
at

io
n 

- c
at

eg
or

y2

< 
10

 d
ay

s
4

4
25

 (
56

.8
%

)
0

,0
85

4 
(9

.1%
)

0
,0

0
5

2 
(4

.5
%

)
0

,0
0

8
23

 (
52

.3
%

)
0

,8
50

0
 (0

.0
%

)
0

,0
13

1 (
2.

3%
)

0
,3

32
3 

(6
.8

%
)

0
,0

0
8

10
 -

 2
0

 d
ay

s
42

28
 (6

6.
7%

)
4 

(9
.5

%
)

8 
(1

9.
0

%
)

25
 (

59
.5

%
)

4 
(9

.5
%

)
3 

(7
.1%

)
9 

(2
1.4

%
)

20
 -

 3
0

 d
ay

s
18

13
 (

72
.2

%
)

5 
(2

7.
8%

)
6 

(3
3.

3%
)

9 
(5

0
.0

%
)

3 
(1

6.
7%

)
1 (

5.
6%

)
5 

(2
7.

8%
)

30
 -

 4
0

 d
ay

s
14

12
 (

85
.7

%
)

7 
(5

0
.0

%
)

4 
(2

8.
6%

)
9 

(6
4

.3
%

)
3 

(2
1.4

%
)

2 
(1

4
.3

%
)

7 
(5

0
.0

%
)

> 
4

0
 d

ay
s

16
14

 (
87

.5
%

)
1 (

6.
3%

)
6 

(3
7.

5%
)

10
 (6

2.
5%

)
3 

(1
8.

8%
)

0
 (0

.0
%

)
5 

(3
1.3

%
)

Ec
on

om
ic

 a
nd

 
ge

og
ra

ph
ic

al
 d

is
po

si
tio

n2

H
ig

h 
in

co
m

e 
co

un
tr

ie
s

88
60

 (6
8.

2%
)

0
,8

70
14

 (
15

.9
%

)
0

,9
17

16
 (

18
.2

%
)

0
,6

23
52

 (
59

.1%
)

0
,4

4
4

7 
(8

.0
%

)
0

,3
54

4 
(4

.5
%

)
0

,6
31

20
 (

22
.7

%
)

0
,6

71

Lo
w

 in
co

m
e 

co
un

tr
ie

s
4

6
32

 (6
9.

6%
)

7 
(1

5.
2%

)
10

 (
21

.7
%

)
24

 (
52

.2
%

)
6 

(1
3.

0
%

)
3 

(6
.5

%
)

9 
(1

9.
6%

)

N
P 

= 
no

so
co

m
ia

l p
ne

um
on

ia
B

SI
 =

 b
lo

od
st

re
am

 in
fe

ct
io

n
B

W
I =

 b
ur

n 
w

ou
nd

 in
fe

ct
io

n
U

TI
 =

 u
rin

ar
y 

tr
ac

t i
nf

ec
tio

n
1 C

on
tin

uo
us

 v
ar

ia
bl

es
 d

es
cr

ib
ed

 u
si

ng
 th

e 
m

ed
ia

n 
an

d 
5–

95
%

 p
er

ce
nt

ile
. T

es
te

d 
us

in
g 

th
e 

M
an

n–
W

hi
tn

ey
 U

 te
st

2 C
at

eg
or

ic
al

 v
ar

ia
bl

es
 d

es
cr

ib
ed

 u
si

ng
 a

bs
ol

ut
e 

an
d 

re
la

tiv
e 

fr
eq

ue
nc

ie
s.

 T
es

te
d 

us
in

g 
th

e 
ch

i-
sq

ua
re

d 
te

st
 o

f m
ax

im
um

 p
la

us
ib

ili
ty

. 

proLékaře.cz | 16.5.2024



30 EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE      2016, 65, č. 1

PŮVODNÍ PRÁCE

nosocomial pneumonia. Unlike strains of Staphylococcus 
aureus, coagulase-negative Staphylococcus species were 
isolated only in 16 cases of infectious complications. 
Almost every fourth PPM causing bloodstream infections 
was a coagulase-negative Staphylococcus species. Detailed 
analysis of all PPM determined inpatients within the 
group is shown in Table 5. 
During hospitalization, there occurred an increasing 
number of PPMs from gram-negative spectrum in mo-
nitored patients. While during the first 10 days of hos-
pitalization the G+/G- ratio was 1.63 : 1, in the period 11 
to 20 days the G+/G- ratio was 1.23 : 1, in the period of 
21–30 days the G+/G- ratio was 1 : 2, and in the period of 
31–40 days the G+/G- ratio was already 1 : 3.4. The ratio in 
the period > 40 days of hospitalization was already 1 : 1.

DISCUSSION
The study included 134 patients from 27 burn centers in 
12 European countries. Although the total number of pa-
tients is not sufficient for an accurate assessment of the 
situation in Europe, almost regular distribution of indi-
vidual burn centers in different parts of Europe, allows at 
least partial orientation in the issue. A total of 92 patients 
(68.7%) had at least one infectious complica tion on the 
day of microbiological investigation. Infection of the 
burned area was the most common infectious compli-
cation in burn patients within the study. All important 
studies on the topic of infectious complications have 
reached the same conclusion. Although since the 1970s 
therapeutic treatment of the burned area has become 
quite aggressive, even today infection of the burned 
area is the most common of all infectious complications. 
Compared to bloodstream infections or infections of the 
lower respiratory tract, infection of the burned area does 
not carry with it such high risk of death or of developing 
other complications. 
There are many epidemiological studies today that 
deal with infection of the burned area. Lari and 
Alaghehbandan described in their work the represen-
tation of PPMs affecting the burned area during the 
first week following the beginning of hospitalization in 
Teheran [5]. During a period of 18 months, a total of 1,410 
imprints or smears from the burned area were collected 
from 582 hospitalized patients. What is surprising about 
that study is the fact that on the first day of hospitaliza-
tion the most common cause of infection of the burned 
area was identified as Pseudomonas aeruginosa (35.5%) and its 
representation increased to 87.2% during the first week. 
Conversely, the representation of other PPMs declined 
during this period (e.g., Staphylococcus aureus was 34.4% 

on the first day of hospitalization and 9.2% on day 7 of 
hospitalization while Acinetobacter baumannii infection rate 
was 22.2% on day one of hospitalization and 3.5% on day 
7). Unfortunately, no data is available in this work that 
would explain why this was the case. We do not know, 
for example, if it was due to delayed hospitalization, 
the quality of pre-hospital care, or something else. Even 
though that study was from the turn of the millenni-
um, a generally inadvisable precaution surprisingly was 
taken as a matter of everyday practice at that burn center 
according to this work: all patients with moderate or 
severe burns were administered a prophylactic parenteral 
antibiotic combination (cephalothin and amikacin) and 
topical silver–sulfadiazine cream. We will never know 
whether this precaution reduced the incidence of PPMs 
in burn patients or led to the selection of more resistant 
strains of bacteria. Despite this fact, the prophylactic use 
of antibiotics in burn patients has not been and currently 
is not in compliance with the recommendations of many 
professional societies.  
Keen et al. described the bacteriological profile in the 
burned area in patients who had suffered thermal trau-
ma in the context of armed conflict while also comparing 
these data with those from burned civilians [6]. It was 
assumed that the burned area of war victims would be 
generally much more greatly contaminated than those 
of patients who suffer burns in peaceful conditions. 
In comparison with the cases of burned civilians, pa-
tients with thermal trauma from war were especially 
more likely to be infected by Acinetobacter baumannii and 
Pseudomonas aeruginosa strains. Dominance was expres-
sed mainly quantitatively (according to the timing of 
primary detection of these Gram-negative bacteria). The 
median first isolation of A. baumannii and P. aeruginosa in 
burned soldiers was 2 days and 13 days after the injury, 
respectively, while in burnt civilians it was 9 days and 
18 days, respectively.
Taneja et al. compared the use of antibiotics in groups of 
patients with proven infection (of the burned area and 
bloodstream) and in those without evidence of infection 
(7). From 33 patients with proven infection of the burned 
area, there were isolated 23 strains of S.aureus, 15 strains 
of P. aeruginosa, and 12 strains of Streptococcus β hemolyticus. 
In the study, there were 14 patients with documented 
infections who received third-generation cephalospo-
rins. There would be nothing special about this if 9 pa-
tients without evidence of infection had not also received 
third-generation cephalosporins. Similarly striking is 
the administration of aminoglycosides in this group of 
patients (24 patients with confirmed infection and 10 pa-
tients without infection). Although this is not discussed 

Table 4. Representation of individual potentially pathogenic microorganisms in individual organ systems of patients in the study

NP (N = 21) BSI (N = 26) BWI (N = 76) UTI (N = 13)

Gram-positive bacteria 21 (15.7%) 14 (53.8%) 48 (63.2%) 1 (7.7%)

Gram-negative bacteria 26 (19.4%) 10 (38.5%) 48 (63.2%) 4 (30.8%)

Yeast 76 (56.7%) 4 (15.4%) 3 (3.9%) 7 (53.8%)

Undetected 13 (9.7%) 2 (7.7%) 2 (2.6%) 1 (7.7%)

NP = nosocomial pneumonia
BSI = bloodstream infection
BWI = burn wound infection
UTI = urinary tract infection
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in the article, it can be expected that the administration 
of aminoglycosides may occur in patients without the 
evidence of infection only as a  prophylactic measure. 
No accepted scheme exists which would systematically 
assign prophylactic administration of third-generation 
cephalosporins, mainly due to their high potential for 
selecting multidrug-resistant strains of bacteria. 
Bloodstream infection is one of the most feared complica-
tions during the treatment of burn injuries. This means 
the penetration of microorganisms into the bloodstream 
in association with more generalized infection. The 
basic division of bloodstream infection is into primary, 
secondary, infective endocarditis, and so-called cathe-
ter sepsis or catheter-related bloodstream infection. 
An Israeli group led by Raz-Pasteur published results of 
a retrospective collection of data regarding the incidence 
of early- and late-onset bloodstream infection [8]. As the 
early form of bloodstream infection was therein defined, 
infections developed during the first week after the begi-
nning of hospitalization. Bloodstream infection occur-
ring after the first week of hospitalization was defined 
as late-onset infection. During 2001–2009, 159 severely 
burned patients were identified. Of these, 74 patients 
(46.5%) had at least one episode of bloodstream infection. 
Also observed was change in the qualitative composition 
of the PPM causing the bloodstream infection. In late-
-onset infections, there was an increase in the number of 
Gram-negative bacteria and generally selection of more 
resistant clones of bacteria (e. g., Klebsiella pneumoniae 
producing carbapenemase, methicillin-resistant S. aureus, 
imipenem-resistant P. aeruginosa). In contrast to late-onset 
infections, no yeast was identified as the originator of 
bloodstream infection in early-onset cases.
Soares de Macedo and Santos presented findings related 
to infectious complications in patients with thermal 
trauma in 2006 [9]. Theirs was a monocentric and pro-
spective collection of data from the burn center of Da 
Asa Norte in Brazil. In this study, it is surprising that 
bloodstream infection was the most common infectious 
complication in 278 patients hospitalized at the center 
during 2004. Its etiology was dominated by such Gram-
-positive cocci as coagulase-negative Staphylococcus species 
(19 cases out of 72) and S.aureus (14 cases).
Recent work by a group of Australian authors led by Patel 
dealt comprehensively with the issue of blood stream 
infections [10]. They evaluated data retrospectively ob-
tained in the course of 11 years. The total number of 
patients hospitalized in the burn center was 2,364. Of 
this number, bloodstream infection was identified in 
99 patients (212 episodes). In 20 patients, the source of 
the bloodstream infection was infection of the lower 
respiratory tract and only in 10 patients was it infection 
of the burned area. In 30 patients, however, the source 
of bloodstream infection (meaning here the primary 
bloodstream infection) was not determined. The most 
common primary pathogen cultured and identified as 
the originator of bloodstream infection was P. aeruginosa 
(30 patients), followed by strains of methicillin-resi-
stant Staphylococcus species (17 patients), coagulase-ne-
gative Staphylococcus species (14 patient), and A. baumannii  
(10 patients). Mortality among patients with blood-
stream infections differed by type of bacteria. From the 
total of 99 patients, 19 patients died. For 6 patients, the 
cause of bloodstream infection was P. aeruginosa, for three 

patients it was A. baumannii, and for three patients it was 
strains of Staphylococcus. These results suggest a higher 
mortality in patients with bloodstream infections caused 
by Gram-negative bacilli.
Burn patients also constitute a high-risk group in terms 
of lower respiratory tract infection, especially if it is com-
plicating the diagnosis of inhalation injury. The study by 
Cotte et al. notes the fact that intubation in prehospital 
care in patients with burns localized in the head and neck 
area is an independent risk factor for early-onset pneu-
monia [11]. The fact that the incidence of ventilator-as-
sociated pneumonia in patients with inhalation injuries 
is high was also noted by Brusselaers et al. [12]. Of the 
70 recorded episodes of ventilator-acquired pneumonia, 
a total of 23 episodes were caused by multidrug-resistant 
pathogens, in particular P. aeruginosa. Treatment of such 
infections is often very complicated. Benefits from using 
antibiotics in a nebulized form in patients with lower 
respiratory tract infections and inhalation injuries have 
been reported by Ackerman et al. [13].
According to several studies, the most important agents 
of urinary infections in burn patients are representa-

Table 5. All isolated and identified potentially pathogenic microorganisms 
according to infections of individual organ systems 

NP 
(N=21)

BSI 
(N=26)

BWI 
(N=76)

UTI 
(N=13)

Staphyloccocus aureus 4 (19.0%) 3 (11.5%) 29 (38.2%)

coagulasa negat.Staphylococci 6 (23.1%) 10 (13.2%)

Enterococcus fecalis 4 (15.4%) 8 (10.5%) 1 (7.7%)

Streptococcus sp. 2 (7.7%)

Enterococcus faecium 3 (3.9%)

Bacillus cereus 1 (1.3%)

Klebsiella pnemoniae 3 (14.3%) 2 (7.7%) 1 (1.3%) 1 (7.7%)

Pseudomonas aeruginosa 4 (19.0%) 2 (7.7%) 36 (47.4%)

Acinetobacter baumannii 1 (4.8%) 1 (3.8%) 5 (6.6%) 1 (7.7%)

Citrobacter freundii 1 (4.8%)

Enterobacter aerogenes 1 (4.8%)

Enterobacter cloacae 1 (4.8%) 1 (3.8%) 4 (5.3%)

Stenotrophomonas maltophilia 1 (4.8%) 1 (3.8%) 2 (2.6%)

Escherichia coli 1 (3.8%) 5 (6.6%) 1 (7.7%)

Citrobacter koseri 1 (3.8%)

Proteus mirabilis 2 (2.6%) 1 (7.7%)

Chryseobacterium indologenes 1 (1.3%)

Erlichia hirae 1 (1.3%)

Corynebacterium sp. 1 (1.3%)

Morganella morganii 1 (1.3%)

Candida albicans 4 (19.0%) 3 (11.5%) 3 (3.9%) 6 (46.2%)

Candida parapsilosis 1 (3.8%)

Candida tropicalis 1 (7.7%)

NP = nosocomial pneumonia
BSI = bloodstream infection
BWI = burn wound infection
UTI = urinary tract infection
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tives of the Enterobacteriaceae, especially Escherichia 
coli [14–16]. Thus, unlike in other areas, urogenital tract 
infections and perianogenital area infections are far 
more frequently caused by Gram-negative bacilli than 
they are by Gram-positive cocci. This is true throughout 
the entire treatment course for affected patients. In our 
study, a total of 13 PPMs were isolated from the urinary 
systems of patients in the group. In only one patient was 
this a Gram-positive strain (Enterococcus faecalis) while the 
other 4 strains were from the Gram-negative part of the 
spectrum. It is nevertheless surprising that bacteria were 
not the dominating PPMs in the development of urinary 
tract infection in the patient population, as 7 examples 
of Candida species were also isolated. Candida albicans was 
isolated 6 times and in only one case was a non-albicans 
Candida species isolated (Candida tropicalis).
In their work, Kim et al. described a dramatic increase 
in the number of yeast infections in the urinary sys-
tem, especially during the second week after the esta-
blishment of a permanent urethral catheter [17]. These 
observations were dominated by non-albicans Candida 
species, with the largest representation being Candida tro-
picalis (60.2%). This finding is in contrast to the situation 
we examined, because in our group of patients Candida 
albicans dominated.
The presence of a foreign material (permanent urinary 
catheter) leads to an increased risk for developing infec-
tious complications in the urinary system (18). On the 
other hand, patients with less severe burns do not require 
the establishment of a  permanent urinary catheter, 
and thus the incidence of infectious complications in 
this area will be lower compared with the group with 
established permanent urinary catheters. 
We can say that the risk of developing infectious compli-
cations in the urinary system, as well as in other areas, 
is caused by more factors than simply the presence or 
absence of a permanent urinary catheter. 

CONCLUSION
In cooperation with many burn centers in Europe, we su-
cceeded in this study to determine the highest-risk PPMs 
in burn patients requiring intensive care. Regular moni-
toring of nosocomial infections and accurate reporting of 
particularly dangerous PPMs may lead to improvements 
in the quality of care provided to these patients.
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a kojícím ženám pouze při urgentní potřebě dosáhnout ochrany proti infekci KE a po pečlivém zvážení přínosu očkování ve vztahu k možnému riziku. Nežádoucí účinky: 
V klinických studiích u dětí byly pozorovány jako velmi časté (≥1/10): reakce v místě vpichu, např. bolest, časté (≥1/100 až <1/10): bolesti hlavy, nechutenství, neklid, poruchy 
spánku, nauzea nebo zvracení, bolesti svalů, horečka, únava, malátnost a reakce v místě vpichu jako jsou otok, ztvrdnutí a zčervenání kůže.V klinických studiích u dospělých byly 
pozorovány jako velmi časté (≥1/10): reakce v místě vpichu např. bolest, časté (≥1/100 až <1/10) bolesti hlavy, nauzea, 
únava, malátnost. Předávkování: Byly hlášeny případy, kdy děti obdržely dospělou dávku vakcíny. Dá se předpokládat, 
že v takovýchto případech je riziko nežádoucích reakcí vyšší. Uchovávání: Uchovávejte v chladničce (2 °C až 8 °C). 
Uchovávejte předplněnou inj. stříkačku v krabičce, aby byla chráněna před světlem. Chraňte před mrazem. Balení: 
0,25 ml nebo 0,5 ml suspenze v předplněné injekční stříkačce s pístovou zátkou, dostupná s integrovanou jehlou nebo 
bez integrované jehly. Balení Tip Cap (předplněná injekční stříkačka bez integrované jehly) může obsahovat až 2 jehly 
různé velikosti. Jméno a adresa držitele rozhodnutí o registraci: Pfizer, spol. s r.o., Stroupežnického 17, 150 00 
Praha 5, Česká republika. Registrační čísla: 59/009/06-C, 59/010/06-C. Datum poslední revize textu: 29.4.2015.
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Stroupežnického 17, 150 00 Praha 5 
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