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Background: The study on bacteremia helps empirically select the proper antibiotics before the results of culture test about causative
pathogen. The purpose of this study is to investigate causative pathogen in bloodstream infection, changing aspects based on elapsed
time after burn, relationship with other sites and resistance of important causative pathogen against antibiotics through analysis on
bacteria isolated from blood culture of patients hospitalized in burn intensive care unit (BICU).

Materials and Methods: A retrospective study was conducted targeting patients hospitalized in BICU from January 2007 to June
2011. Changes of causative pathogen in bloodstream infection based on elapsed time after injury were analyzed. We would
like to examine the relationship between bloodstream infection and infection on other body parts by comparing results of cul-
tures in burn wound site, sputum, urine and catheter tip. Antibiotics resistance patterns of Pseudomonas aeruginosa, Acineto-
bacter baumannii, Staphylococcus aureus, Enterococcus species, and Klebsiella pneumoniae were studied.

Results: A total of 2,337 burn patients were hospitalized in BICU for 54 months. Causative pathogen was cultured in blood
cultures from 397 patients (17.0%). P aeruginosa (169, 30.1%) was the most cultured and A. baumannii (107, 19.0%) and S.
aureus (81, 14.4%) were followed. It was confirmed that the relative frequency of A. baumannii tended to get lower as the pe-
riod got longer after injury, but the relative frequency of K. pneumoniae got higher as the period got longer after injury. With
comparison without bacteremia, P. aeruginosa bacteremia showed high probability in which the same bacteria were cultured in
wound site, sputum and cathether tip, and A. baumannii bacteremia and candida bacteremia had high probability in sputum,
and urine and catheter tip, respectively. 95.9% of P aeruginosa and 95.3% of A. baumannii showed the resistance against car-
bapenem. 96.3% of S. aureus was methicillin resistant and 36.2% of Enterococcus species were vancomycin resistant. 75.0%
of K. pneumonia were extended-spectrum beta-lactamase (ESBL)-producing bacteria.

Conclusions: Since the highly antibiotic resistant microorganisms were isolated from the patients hospitalized in BICU during
early phase, the empirical selection of antibiotics targeting these pathogens should be considered before the results of microbi-
ologic culture test. In addition, use of empirical antifungal agent after 1 week of injury can be considered for patients who have
risk factor of fungal infection.
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Introduction

The mortality of severe burn patients has been reduced rapid-
ly since the pathophysiologic mechanism has been established
followed by the availability of effective treatments, yet infections
are the leading cause of death among burn patients [1, 2]. Stud-
ies on bacteremia help to select the proper empirical antibiotics
prior to receiving the results of the culture test for the causative
pathogen, which in turn improve the therapeutic effect and de-
crease mortality in sepsis patients [3].

In this study, we investigated the causative pathogens of se-
vere burn patients from a different perspective based on the
elapsed time after the burn injury and the antibiotic resistance
of important causative pathogens identified from blood cul-
tures among the admitted patients in the burn intensive care
unit (BICU). The results were compared to the results of sur-
veillance cultures of other parts of the body which were con-
ducted simultaneously when isolating microorganisms from
the blood cultures, so that this study could determine which
infections in other parts of the body are related to bacteremia.

Materials and Methods

1. Study subjects and methods

This study was conducted in the BICU with 32 beds. Surveil-
lance cultures were done once weekly for all admitted patients
from burn wound, sputum, urine, and blood. Catheter tip cul-
tures were conducted for the cases with fever. In addition,
most of the patients went through escharectomy to remove
the damaged tissue of the burn wound site. The study subjects
consisted of patients admitted to the BICU between January
2007 and June 30, 2011 for a period of 4 years and 6 months
who had microorganisms isolated from their blood cultures,
and their patient medical records and culture test results were
retrospectively analyzed.

2. Definitions

Among the patients who had coagulase-negative staphylo-
cocci (CNS) cultured from the blood cultures, the patients
who had the same culture two or more times were included in
the study. The blood culture results were subjected to the
analysis only if they included the results from the BICU hospi-
talization period and did not include the results after transfer
to the general ward. In the case the same causative microor-
ganism was isolated from a patient more than once, the initial
isolated microorganism was included in the analysis, and

when different types of microorganisms were isolated, each
microorganism was included in the analysis. The above defi-
nitions of duplicated cases were based on other published
studies [4, 5]. The date of the microorganism culture in refer-
ence to the date of the burn was analyzed and results isolated
after day 60 of the burn were excluded from the analysis. To
determine the change of causative pathogen in blood stream
infections in the BICU based on the change in time, the cul-
tured microorganisms were analyzed for the following peri-
ods; within 1 week, within 2 weeks and within 3 weeks of the
burn injury, and 3 weeks after the burn injury. To determine
the relationship between blood stream infection and other
site infections, a comparison was done for the positive results
of the surveillance cultures, which were conducted 1 week
prior/after the date of the positive blood culture. Resistance to
carbapenem antibiotics was assessed in Pseudomonas aeru-
ginosa and Acinetobacter baumannii, and resistance to meth-
icillin and vancomycin antibiotics was assessed in Staphylo-
coccus species and Enterococcus species, respectively. The
presence of ESBL (extended-spectrum beta-lactamase)
among Klebsiella pneumonia was assessed, too.

3. Microbiologic analysis
VITEK 1II (bio-Merieux, Hazelwood, MO, USA) was used for
microorganism isolation and antibiotic susceptibility test.

4. Statistical analysis

The analysis of covariance (ANCOVA) was done to adjust for
the effect of age on the difference between the mean number
of days for the isolation of microorganisms after the burn inju-
ry, and Chi-square trend test was done to analyze the associa-
tion of the frequency of the cultured microorganisms after the
burn. For the analysis of the relationship between bacteremia
and other parts of the body, the presence of bacteremia was
set as an independent variable and each culture site on the
body was set as the dependent variable. Then, conditional lo-
gistic regression analysis with matched age group and sex was
conducted, and the odds ratio was presented adjusting for the
effect of age group and sex. A total of 9 age groups were divid-
ed as follows: 0-9 years old /10-19 years old /20-29 years old
/30-39 years old /40-49 years old /50-59 years old /60-69 years
old /70-79 years old and 80 years old or above. Then, the sta-
tistical test was done. Chi-square trend test was done to deter-
mine the association between the resistance and the elapsed
time after the burn injury. SPSS version 17.0 (SPSS Inc., Chi-
cago, IL, USA) program was used for the statistical analysis
with two-tailed test, and the statistical significance was de-
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fined as P-value < 0.05.

Results

1. Characteristics of blood culture positive patients

A total of 2,337 burn patients were admitted to the BICU
from January 2007-July 2011 for a period of 4 years and 6
months. During this period, a total of 4,333 blood cultures
were done from burn patients in the BICU, and 562 causative
pathogens were cultured from 397 patients. Among the blood
culture positive patients, 317 (79.8%) patients were men. The
mean body surface area burnt was 49.3% and mortality during
the hospitalization period was 36.0% (Table 1).

2. Microorganisms from blood cultures

From culture isolates, gram negative organisms accounted
for 59.8%, gram positive organisms accounted for 31.3% and
fungi accounted for 8.9%. P. aeruginosa was the most com-
mon with 169 cases (30.1%), followed by 107 cases (19.0%) of
A. baumannii, 81 cases (14.4%) of Staphylococcus aureus,

and 69 cases (12.3%) of Enterococcus species (Table 2). The
fungi mostly consisted of the Candida species. Seventeen cas-
es of C. albicans, 12 cases of C. parapsilosis, 11 cases of C.
tropicalis, 6 cases of C. glabrata, 1 case of C. famata and 1
case of C. guilliermondii. The mean elapsed days from the
time of burn injury to the isolation of microorganisms was
17.6 days. From the day of the burn injury, A. baumannii
(mean 14.9 days) was isolated the earliest, followed by the
Candida species (23.8 days) and then K. pneumoniae (26.8
days). As a result of ANCOVA, there was a difference in the
mean days to isolate microorganisms between each causative

Table 1. Characteristics of patients admitted to the BICU

Characteristics Total (n = 397)
Demographics

Age (years), mean + SD 47.8+164

Sex (n), male/female 317/80
Severity of burn

% Body surface area burnt, mean + SD 49.3+23.8
Mortality, n (%) 143 (36.0)

Table 2. Microorganism isolated from blood culture in the different period after burn (N, %)
. . | [ ]

Average®

Type of organism (mean days) <1lweek 1-2weeks 2-3weeks >3 weeks Total square” P-value®
Gram negative 16.7 93(655) 95(62.1) 55(64.0) 93(51.4) 336 (59.8) - -
P. aeruginosa 16.2 42(29.6) 51(333) 31(36.0) 45(24.9) 169 (30.1) 1.0 0.312
A. baumannii 14.9 36(25.4) 33(21.6) 15(174) 23(12.7) 107(19.0) 9.1 0.003
K. pneumoniae 26.8 4(2.8) 3(2.0) 2(2.3) 15(8.3) 24 (4.3) 6.9 0.008
Other gram negative* 17.4 11(7.7) 8(5.2) 7(8.1) 10 (5.5) 36 (6.4) - -
Gram positive 17.7 48(33.8) 44(28.8) 24(279) 60(33.1) 176(31.3) - -
S. aureus 18.0 22(155) 21(13.7) 12(14.0) 26(14.4) 81(14.4) 0.1 0.818
Enterococcus spp. 17.0 20(14.1) 17(11.1) 9(10.5) 23(12.7) 69(12.3) 0.1 0.769
CNS 16.9 5(3.5) 6(3.9) 3(3.5) 8 (4.4) 22 (3.9) 0.1 0.715
Other gram positive* 30.3 1(0.7) - - 3(1.7) 4(0.7) - -
Fungus 24.1 1(0.7) 14(9.2) 7(81)  28(155)  50(8.9) - -
Candida spp. 23.8 1(0.7) 14(9.2) 7(81)  26(144)  48(8.5) 165 <0.001
Other fungus' 44.0 - - - 2(1.1) 2(0.4) - -
142 562
Total 17.6 (100) 153(100)  86(100) 181(100)  (100) - -

CNS, coagulase-negative staphylococci.
*Elapsed days from burn injury by ANCOVA (analysis of covariance).
*“P-values were obtained using the Chi-square test for trend.

“Other gram negative: Alcaligenes xylosoxidans, Burkholderia cephacia, Citrobacter freundli. Cryseobacterium indologenes, Enterobacter spp., Escherichia col, Proteus
mirabils, Serratia marcescens, Sphingomonas paucimobilis, Stenotrophomonas maliophilia.
‘Other gram positive: Micrococeus luteus, Streptococcus ovis, Streptococeus parasanquinis, Streptococcus pneumoniae.

‘Other fungus: Trichosporon asahii. Yarrowia lipolytica.
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microorganism, and the difference in each mean number of
days was statistically significant (P = 0.047).

3. Changing aspect of causative pathogen based on
hospitalization period

P. aeruginosa accounted for major microorganism in every
period, regardless of the period after the burn injury (Fig. 1),
and there was no significant difference between the frequency
based on the period after the burn injury (x*= 1.0, P = 0.312). A
gradual decrease of the relative frequency along with a longer
period after the burn injury was observed in A. baumannii (i’

=9.1, P = 0.003). The relative frequency gradually increased
with a longer period after the burn injury in Candida species
(x*=16.5, P < 0.001). In addition, the relative frequency gradu-
ally increased with a longer period after the burn injury in K.
pneumonia (y*= 6.9, P = 0.008).

4. Relationship between blood stream infection and
cultures from other parts of the body
The following results were from the analysis of wound site,
sputum, catheter tip, and urine culture result which were con-
ducted 1 week prior/after the positive blood culture result.

Post-burn week
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Figure 1. Percentage (%) of microorganisms isolated from blood culture after burn is different according to time elapsed from burn injury.

Table 3. Concordance of culture positivity (N, %) of wound, sputum, catheter tip and urine among bacteremic cases

Type of organism Blood Wound Sputum Catheter tip Urine
Gram negative
P aeruginosa 169 134 (79.3) 98 (58.0) 63(37.3) 15(8.9)
A. baumannii 107 50 (46.7) 49 (45.8) 30 (28.0) 6 (5.6)
K. pneumoniae 24 7(29.2) 7(29.2) 10 (41.7) 2(8.3)
Other gram negative” 36 4(11.1) 5(13.9) 9(25.0) 1(2.8)
Gram positive
S. aureus 81 9(11.1) 17 (21.0) 10 (12.3) 1(1.2)
Enterococcus spp. 69 3(4.3) 0(0.0) 3(4.3) 4(5.8)
CNS 22 5(22.7) 3(13.6) 0(0) 1(4.5)
Other gram positive” 4 0(0) 0(0) 0(0) 0(0)
Fungus
Candida spp. 48 0(0) 0(0) 19 (39.6) 11 (22.9)
Other fungus* 2 0(0) 0(0) 2(100) 1(50.0)
Total 562 212 (37.7) 179 (31.9) 146 (26.0) 42 (7.5)

CNS, coagulase-negative staphylococci.

‘Other gram negative: Alcaligenes xylosoxidans, Burkholderia cephacia, Citrobacter freundli, Cryseobacterium indologenes, Enterobacter spp., Escherichia coli, Proteus
mirabilis, Serratia marcescens, Sphingomonas paucimobilis, Stenotrophomonas malfophilia.
*Other gram positive: Micrococcus luteus, Streptococcus ovis, Streptococcus parasanquinis, Sireptococeus pneumoniae.

“Other funqus: Trichosporon asahi, Yarrowia lipolytica.
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The sites accounting for the highest rates of concordance
with blood stream infection were as follows: wound (37.7%)
followed by catheter tip (26.0%) and urine (7.5%) (Table 3). A
high rate of concordance with the wound culture (79.3%),
sputum culture (58.0%) and catheter tip culture (37.3%) was
seen in P. aeruginosa bacteremia, and a high rate of concor-
dance with the sputum culture (45.8%) was seen in A. bau-
mannii bacteremia. A high rate of concordance with the cath-
eter tip culture (39.6%), urine culture (22.9%) was seen in

candidemia.

Compared with cases without bacteremia, in the case of P
aeruginosa bacteremia, the probability of the same bacteria
being cultured was high from the wound (odds ratio [OR],
16.5, 95% confidence interval [CI]: 10.4 to 26.1), sputum (OR:
5.6, CI: 3.7 to 8.3), and catheter tip (OR: 2.2, CL: 1.5 to 3.3) (Ta-
ble 4). Compared to the cases without bacteremia, in the case
of A. baumannii bacteremia, the probability of the same bac-
teria being cultured was high from the sputum (OR: 2.0, CL: 1.3

Table 4. Relative risk of bacteremia or fungemia according to positive culture results from the other sites
'

Organism® Delzzt(lit‘:ﬁz‘;?:?ble 0dds ratio” 95% CI
P, aeruginosa Wound 16.5 10.4 to 26.1

Sputum 5.6 3.7t08.3

Catheter tip 2.2 1.5t03.3

Urine 14 0.7t0 2.7

A. baumannii Wound 1.6 1.0to 2.4

Sputum 2.0 1.3t03.2

Catheter tip 1.1 0.7to 1.7

Urine 0.7 0.3to 1.7

S. aureus Wound 0.2 0.1t0 0.4

Sputum 0.5 0.3to0 1.0

Catheter tip 0.4 0.2t00.7

K. pneumoniae Wound 0.6 0.3to 1.6

Sputum 1.0 0.4 to0 2.6

Catheter tip 2.0 0.8t0 4.6

Candida spp. Catheter tip 2.0 1.0t0 3.7
Urine 5.0 23t011.2

“Organism which cultured at each local site and blood concomitantly.

*Independent variable is the bacteremia with the same organism. Odds ratio were adjusted by age and sex. The odds ratio means the increased (when OR > 1) or
decreased risk of culture positive for local samples in bacteremia cases compared with non-bacteremia cases by each cultured organism.

Table 5. Ratio of antibiotics resistance in major causative microorganism

Microorganism <lweek 1-2weeks 2-3weeks >3 weeks Total s(ﬁll:;eﬂ P-value®

P aeruginosa, carbapenem resistant ~ 39/42(92.9) 49/51(96.1) 31/31(100) 43/45(95.6) 162/169 (95.9) 0.6 0.439
(N, %)

A. baumannii, carbapenem resistant  34/36 (94.4) 31/33(93.9) 15/15(100) 22/23(95.7) 102/107 (95.3) 0.2 0.638

(N, %)

S. aureus, methicillin resistant (N, %)  19/22 (86.4) 21/21(100) 12/12(100) 26/26 (100) 78/81 (96.3) 49 0.026

Enterococcus, vancomycin resistant 7/20(35.0) 5/17(29.4) 3/9(33.3) 10/23 (43.5) 25/69 (36.2) 0.5 0.500
(N, %)

Enterococcus, ampicillin/sulbactam 9/20 (45.0)  9/17(52.9) 6/9(66.7) 15/23(65.2) 39/69 (56.5) 2.0 0.155
resistant (N, %)

K. pneumonia, ESBL (+) (N, %) 1/4(25.0)  2/3(66.7)  1/2(50.0) 14/15(93.3)  18/24(75.0) 7.5 0.006

P aeruginosa, Carbapenem resistant (N, %) methicillin resistant (N, %)
°P-values were obtained using the Chi-square test for trend.



www.icjournal.org

http://dx.doi.org/10.3947/ic.2013.45.2.194 e Infect Chemother 2013;45(2):194-201 199

to 3.2). In the case of candidemia, the probability of the candi-
da being cultured was high in the catheter tip (OR: 2.0, CL: 1.0
to 3.7) and urine (OR: 5.0, CI: 2.3 to 11.2). Each odd ratio was
adjusted for the effect of the age group and sex.

5. Proportion of antibiotic resistance in major isolates
One hundred sixty-two cases (95.9%) out of a total of 169
cases of P. aeruginosa bacteremia and 102 cases (95.3%) out
of a total of 107 cases of A. baumannii bacteremia showed re-
sistance to the carbapenem such as imipenem and meropen-
em. Seventy-eight cases (96.3%) out of 81 cases in S. aureus
bacteremia were methicillin resistant Staphylococcus aureus
(MRSA), and 25 (36.2%) out of 69 cases in enterococcal bacte-
remia were vancomycin resistant enterococcus (VRE), and 39
cases (56.5%) showed resistance to ampicillin/ sulbactam.
Eighteen cases (75.0%) out of a total of 24 cases in K. pneu-
moniae bacteremia were ESBL-producing bacteria (Table 5).
For the resistance to methicillin in S. aureus, the relative fre-
quency gradually increased statistically significantly with a
longer period elapsing after the burn injury (5 = 4.9, P = 0.026).
For the proportion of ESBL-producing K. pneumoniae, the
relative frequency gradually increased significantly with a lon-
ger period elapsing after the burn injury (5° = 7.5, P = 0.006).

Discussion

In this study, the mortality of bacteremia patients in BICU
was 36.0% overall, and it was similar to the mortality of 30.0%
in another study conducted in 2011 [6]. The mean number of
day to the occurrence of bacteremia was 17.6 days after burn
injury in this study, which was similar to the 16 days that was
reported by Vostrugina et al. [7].

Among the patients admitted to the BICU with burn injuries,
gram negative organisms accounted for 59.8% of the causative
pathogens for blood stream infections, which was almost
twice the proportion of gram positive organisms with 31.3%,
and P. aeruginosa was the most common causative pathogen
from the date of admission to the occurrence of bacteremia,
regardless of the period. However, existing study results re-
ported that infections by gram positive organisms are pre-
dominant in the early period of burn injuries, and those are
quickly replaced by gram negative organisms thereafter. Then,
with delayed wound closure and an increase in the need for
broad-spectrum antibiotics, further replacement of fungi and
antibiotic-resistant bacteria takes place [2]. Other studies
showed the same concordant result of this study that P. aeru-

ginosa was the most common pathogen causing wound infec-
tion and bacteremia in the burn center [1]. A. baumannii was
the second most isolated organism, which accounted for
19.0% of all the microorganisms, and it was isolated more fre-
quently in the early stage of the burn injury (mean 14.9 days)
and the frequency gradually decreased over time.

Among the gram positive organism, S. aureus accounted for
14.4% which was the third most common isolate; furthermore,
S. aureus is known to be the major causative pathogen for
wound infection and septicemia in other burn center studies,
and Gang et al. reported that 74% of septicemic patients were
confirmed to have Staphylococcus species in their blood [8].
Enterococcus species accounted for 12.3% of all the causative
pathogens as the fourth most common isolate. In another
study, Enterococcus species was the causative pathogen for
11% of the bacterial infections among 1,146 burn patients [9].

Candida species was the fifth most common isolate (48 cas-
es, 8.5%) in this study. The frequency of candida isolates in-
creased with a longer period after the burn injury, and it was
confirmed in other studies as well [10-11]. C. albicans was the
most common isolate with 17 cases followed by C. parapsilo-
sis (12), C. tropicalis (11), and C. glabrata (6). Recent studies
reported that Candida species are the most common fungal
isolates in burn patients [12-13]. In a study on candidemia in
burn patients by Pedrosa et al.,, C. parapsilosis was the second
most frequent isolate (25.6% of all fungi) subsequent to C. al-
bicans in Spanish & Canadian hospitals, and a study from
Switzerland reported that C. glabrata, which accounted for
14% of all cases of candidemia, was the second most frequent
isolate [12]. In the case of burn patients, generally, the rate of
candida infections caused by species other than C. albicans is
increasing. Some centers administer fluconazole as a prophy-
laxis, and the possibility of fluconazole-resistant candida in-
fection is increasing. In this study, C. glabrata, which is highly
resistant to fluconazole, comprised 12.5% of all candida infec-
tions, and C. parapsilosis, which is highly associated with cen-
tral line infection, was 25.0%. The aggressive nature of treating
burn patients such as the use of a central venous line, urine
catheter, endotracheal tube, total parenteral nutrition (TPN),
prolonged mechanical ventilation, systemic steroid therapy,
and broad-spectrum antibiotics increase the risk of fungal in-
fections in burn patients [12].

In cases where the presumed primary focus was secondary
bacteremia, burn wound had the highest rate of concordant
cultures at 37.7% followed by sputum 31.9%, catheter tip
26.0%, and urine 7.5% which was relatively low.

P. aeruginosa bacteremia had a high rate of concordant cul-
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tures for the burn wound (79.3%), sputum (58.0%) and cathe-
ter tip (37.3%), and candida had a high rate of concordant cul-
tures for the urine (22.9%) and catheter tip (39.6%). Therefore,
a primary focus of bacteremia would be easier to assume
based on the types of the microorganisms identified from the
blood cultures.

Most of P. aeruginosa (95.9%) cultured in this study showed
resistance to carbapenem. An increase in carbapenem-resis-
tant bacteria has been continuously reported in other studies
[14]. In addition, most of A. baumannii (95.3%) were carbap-
enem-resistant bacteria. Those bacteria exhibited high car-
bapenem resistance even in isolates from less than 1 week af-
ter burn injury. The above cases are believed to be due to not
keeping the patients isolated from each other in the BICU.
There is a high risk of cross contamination of causative patho-
gens through the skin barrier when 40% or greater of the
body’s surface area is open to infection in patients. Although
completely preventing the occurrence of resistance from cross
contamination would be difficult, changing the burn wound
dressings in designated places such as a wound dressing room
would help to minimize the risk.

Fortunately, P. aeruginosa and A. baumannii, which are re-
sistant to colistin, were not found; this finding is identical to
the results of another study [15]. The effectiveness of colistin
was shown for the treatment of nosocomial infections caused
by multi-drug resistant (MDR) P. aeruginosa and A. bauman-
nii [16], and the use of colistin for severe gram negative infec-
tions in the BICU should be prioritized in real practice. The
proportion of MRSA was very high accounting for 96.3% of all
the S. aureus, and 56.5% of all the enterococci exhibiting resis-
tance to ampicillin/sulbactam, and 36.2% of Enterococcus
species were VRE. In another study, 28% of enterococcus bac-
teremia was confirmed to be VRE [9].

There were limitations in this study. First, we excluded du-
plicate cases that were defined in other studies [4, 5], and this
exclusion may have caused a distortion in the bacteremia re-
sults. Second, it was a retrospective study which was conduct-
ed after the patients’ data such as the isolated microorganisms
from blood cultures were obtained. This may have caused dif-
ficulty in finding the rate of at least one or more blood cultures
and the rate of regular weekly blood cultures without an ex-
ception, among all the admitted patients. Therefore, the repre-
sentativeness of the study could be reduced. In addition, with
this study being a retrospective study, the difficulty in deter-
mining the incidence of blood stream infections based on the
duration of the ICU stay in the hospital made it difficult to
more accurately calculate the statistical data which was an-

other limitation of this study.

In conclusion, gram-negative bacteria such as multi-drug
resistant P. aeruginosa and A. baumannii, MRSA, resistant
enterococci were isolated at high rates from the early period
of the burn injury in severe patients admitted to the BICU;
hence, the selection of empirical antibiotics that target those
highly antibiotic resistant bacteria should be considered in se-
vere burn patients prior to receiving the results of the microbi-
ological culture test. Specifically, in the early period of the
burn injury, de-escalation therapy can be applied where
broad-spectrum antibiotics are administered targeting multi-
drug resistant gram-negative bacteria and gram-positive bac-
teria. Then, the antibiotics are changed to narrow spectrum
antibiotics based on the test results of the blood cultures. In
addition, the use of antifungal agents should be considered by
1 week after the burn injury when the relative frequency of
candidemia is high, and the use of empirical antifungal agents
should be considered more in patients without any clinical
improvement despite the administration of broad-spectrum
antibiotics and patients with risk factors of candidemia.
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