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Abstract

Antimicrobial stewardship is of major importance in patients with febrile neutropenia (FN). In this study, we aimed to investigate
the trends in resistance and the relationship with mortality rates in patients with FN. The single-center surveillance data of
inpatients with FN and diagnosed as microbiologically confirmed bloodstream infections (BSIs) between 2006 and 2016 were
reviewed retrospectively. A total of 950 episodes in 552 patients with BSIs were analyzed. Of whom, 55.9% were male, the
median age was 43 years, and 35.6% had acute myeloid leukemia. In total, 1016 microorganisms were isolated from blood
cultures. Gram-negatives accounted for 42.4% (n = 403) of the episodes. Among Gram-negatives, Enterobacteriaceae accounted
for 346 (86%) (E. coli, n=197; 34% extended-spectrum (3-lactamases (ESBL) producers, and Klebsiella spp., n=120; 48.3%
ESBL producers). Also, 24 (20.0%) of Klebsiella spp. had carbapenemase activity. There were 6 (5.0%) colistin-resistant
Klebsiella spp. Thirteen (26.5%) of Pseudomonas spp. and 17 (60.7%) of Acinetobacter spp. had carbapenemase activity.
There were 2 (5.6%) colistin-resistant Acinetobacter spp. The 30-day mortality rates were 12.0%, 21.5%, 34.6%, and 29.0%
in BSIs due to Gram-positive, Gram-negative bacterial, fungal, and polymicrobial etiology respectively (p =0.001). BSIs with
ESBL-producing (p =0.001) isolates, carbapenem (p <0.001), and colistin-resistant isolates (p < 0.001) were associated with
increased mortality risk. The tremendous rise in resistance rates among Gram-negatives is dreadfully related to increasing
mortality and leads to sharp shifts toward extreme restrictions of unnecessary antibiotic uses. Antimicrobial stewardship in
patients with FN requires vigilance and tailoring of treatment upon local surveillance data.
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Introduction

Infections that develop in neutropenic patients are very impor-
tant in terms of mortality and morbidity. Febrile neutropenia
(FN) is a common and serious complication of chemotherapy
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in patients with hematological malignancies. Due to the sup-
pression of symptoms and signs in this group, the only indi-
cator of the infection may be fever [1-3]. Because of that,
adequate and sufficient antimicrobial treatment should be im-
mediately started. The microorganisms isolated from febrile
neutropenic patients (FNPs) are different when compared with
immunocompetent hosts. Also, they have different features
particularly in terms of antimicrobial susceptibilities. These
differences significantly affect empirical antimicrobial treat-
ment preference.

The rise of resistant microorganisms underlines the need to
learn more about epidemiology and infection control.
Therefore, data of the locally prevalent pathogens and their
susceptibilities are very important. In addition, antimicrobial
resistance has been a fundamental problem in the neutropenic
group in recent years. Besides increasing the rates of mortality
and morbidity, the problem increases healthcare costs, extends
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the duration of hospital stay, and delays the administration of
chemotherapy by the treatment failure [1-3].

The objective of this study is to investigate the relationship
between antimicrobial resistance patterns of microorganisms
in blood cultures from FNPs and their mortality rates.
Accordingly, the policies of appropriate empirical antimicro-
bial usage would be determined through that investigating.

Methods

We conducted a single-center retrospective surveillance study
of hospitalized FNPs with hematological malignancies and
bloodstream infections (BSIs) that have been followed up by
Infectious Diseases and Clinical Microbiology Department in
collaboration with Hematology Department of Internal
Medicine, from 2006 to 2016.

A patient who has both an absolute neutrophil count
(ANC) of <500 cells/mm® or an ANC that is expected to
decrease to <500 cells/mm’ within 48 h and a fever of >
38.0 °C at least sustained over an hour or a (single measure)
fever of >38.3 °C at oral temperature measurement deter-
mined as a febrile neutropenic [3].

Only adult patients (> 18 years of age) were included in this
study. All of the blood cultures were obtained from FNPs with
hematological malignancies. The microorganisms were deter-
mined at the Infectious Diseases and Clinical Microbiology
Laboratory. The samples that represented BSIs included pe-
ripheral blood and blood drawn through catheters. At least 2
positive cultures or one positive culture and presence of focus
were required to define a bacteremia due to coagulase-nega-
tive staphylococci (CoNS), Corynebacterium spp., and
Propionibacterium acnes as a BSI. The blood cultures were
performed using the BACTEC (Becton Dickinson, Franklin
Lakes, NJ, USA) automated system. Organisms were identi-
fied according to conventional procedures. The choice of an-
tibiotic disks used was determined by the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines. Antibiotic susceptibility testing was
performed on Mueller-Hinton agar by the Kirby Bauer’s disc
diffusion method and additionally by the e-test method if
required.

Microorganisms were classified by detecting the antimicro-
bial susceptibility profile. Multi-drug resistance (MDR) was
defined as acquired nonsusceptibility to >3 different antimi-
crobial classes. Episodes that have identical antibiograms ob-
tained from a single patient during the same hospitalization
were accounted for once. The demographic data including
age, sex and the type of underlying malignancy, culture re-
sults, use of empirical antibiotherapy, and presence or absence
of central venous catheter-related BSIs were recorded and
assessed. The clinical impact of the antimicrobial resistance
was demonstrated by use of the epidemiological data.
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Mortality rates were defined as all-cause mortality up to 7 days
and 30 days after BSIs.

The SPSS 21 (Chicago, IL) package program was used for
statistical analysis. Univariate statistical analysis including
Student’s # test was used for continuous data. Chi-square and
Fisher’s exact test were used for categorical data. p values of
< 0.05 were considered significant.

Results

A total of 950 episodes of BSIs in 552 patients were recorded.
Of whom, 55.9% were male. The median age was 43 years
(meantsd 59.5+15.9), and 35.6% had acute myeloid leuke-
mia. In total, we isolated 1016 microorganisms. Gram-
negative bacteria accounted for 403 (42.4%); Gram-positive
bacteria accounted for 459 (48.3%). The remaining BSIs were
polymicrobial and fungal in 6.5% (n=62) and 2.7% (n=26)
of the episodes respectively. There was only 1 anaerobic iso-
late in these episodes. The distributions of these microorgan-
isms causing BSIs and mortality rates are presented in Table 1.

Among 1016 microorganisms, the most common isolates
were Staphylococcus spp. (n =410, 40.4%), Escherichia coli
(n=197, 19.4%), and Klebsiella spp. (120, 11.8%).
Staphylococcus spp. was the most common Gram-positive
organism. They accounted for 80.8% of all Gram-positive
isolates, with 26 Staphylococcus aureus and 384 CoNS.
There were 51 (10%) isolates belonging to Enterococcus
spp. and 31 (6.1%) to alpha-hemolytic streptococci. A total
of 128 isolates among 62 episodes of polymicrobial BSIs were
recorded. Gram-positive, Gram-negative, and fungal isolates
were found in 39.1% (n=50), 57.9% (n="73), and 3.9% (n=
5) of polymicrobial BSIs respectively. The most frequent iso-
lates of Gram-positive and Gram-negative bacteria in
polymicrobial BSIs were CoNS (n=23, 18.0%) and
Escherichia coli (n=23, 18.0%) respectively.

Methicillin resistance was observed in 19.2% of S. aureus
isolates and 84.6% of CoNS isolates. All these isolates except
Enterococcus spp. were sensitive to vancomycin and
teicoplanin. Among Enterococcus spp., vancomycin resis-
tance was 21.6% (Table 2).

Escherichia coli, Klebsiella spp., and Pseudomonas spp.
were the most common Gram-negative organisms. Among
Gram-negatives, Enterobacteriaceae accounted for 346
(86%) (E. coli, n = 197; 34% extended-spectrum [3-lactamases
(ESBL) producers, Klebsiella spp., n = 120;48.3% ESBL pro-
ducers). Also, 24 (20.0%) of Klebsiella spp. had
carbapenemase activity. There were 6 (5.0%) colistin-
resistant Klebsiella spp. There were 17 inducible beta-
lactamases (IBL) producing Gram-negatives. Non-
fermenters accounted for 119 (29.3%). Thirteen (26.5%) of
Pseudomonas spp. and 17 (60.7%) of Acinetobacter spp.
had carbapenemase activity. There were 2 (5.6%) colistin-
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resistant Acinetobacter spp. Among non-fermentatives, multi-
drug-resistant (MDR) organisms constituted 60.7% of
Acinetobacter spp. and 26.5% Pseudomonas spp. isolates in
blood cultures. Percentages of the resistance patterns in Gram-
negatives by years are demonstrated in Figs. 1 and 2. Among
Gram-negatives, resistance rates were colistin 1.7% and car-
bapenem 13.6%. Gram-negative bacteria exhibited resistance
to carbapenems and colistin after 2009 and 2011 respectively.

Among 31 fungal species, candida isolates were the most
common organism. Five of them were in the polymicrobial
episodes. The proportion of non-albicans species of candida
isolates (n=21/26) was quite high. Also, there were
Trichosporon spp. (n=3), Aspergillus fumigatus (n= 1), and
Fusarium spp. (n=1).

Piperacillin/tazobactam (34.6%) and carbapenems (34.4%)
were found to be the most commonly initiated antibiotics em-
pirically. One hundred thirty-two (13.8%) episodes were in
hematopoietic stem cell recipients (HSCR). Acute myeloid
leukemia (AML) was the most common diagnosis (35.6%)
followed by acute lymphocytic leukemia (ALL) (17.6%) and
non-Hodgkin lymphoma (14.3%).

Crude 30-day mortality was 17.7%. The 7-day rate was
12.0. The 30-day mortality rates were 12%, 21.5%, 34.6%,
and 29% in BSIs due to Gram-positive, Gram-negative bacte-
rial, fungal, and polymicrobial etiology respectively. The
types of microorganisms were found to be related to the mor-
tality rate (p = 0.001).

Among Gram-negatives, the 30-day mortality was signifi-
cantly associated with the presence of resistance. BSIs with
ESBL-producing (p=0.001) isolates, carbapenem
(p<0.001), and colistin-resistant isolates (p < 0.001) were as-
sociated with increased mortality risk. Among Gram-posi-
tives, the 30-day mortality was not associated with the pres-
ence of resistance. Table 3 shows the relationship between
resistance patterns and the 30-day mortality.

Catheter-related BSIs constituted 48.7% (n=463) of total
episodes. The 30-day crude mortality rate was 14.7% (n=61).
The mortality rate was lower in this group (p < 0.002).

While inappropriate empirical treatment was observed in
33.3% (n=316/950) of BSIs, it was accounted for 39.7% (n =
48/121) of fatal BSIs (p=0.139). There was an association
between the use of carbapenems and mortality (p <0.001).
The mortality rate was the highest (33%) in initiated use of
carbapenems. Empirical combination treatment (47.3%) was
used in 449 episodes. Mortality was higher in the combination
therapy group compared with the monotherapy group (11.8%
vs 24.0% p < 0.001). Combination with teicoplanin or vanco-
mycin (n=389, 40.9%) was the most common choice.
Combination with amikacin and combination with antifungals
were used in 64 (6.7%) and 116 (12.2) episodes. Combination
with more than one agent was used in 64 (6.7%) episodes. The
deaths occurred 94 of the patients with acute leukemia (AML
n=63, ALL n=31) and 35 of the patients with non-Hodgkin

lymphoma. There was no significant relationship between un-
derlying malignancy and 30-day mortality (p = 0.085).

Discussion

This study provides new evidence for the critical importance
of close-monitorization of local epidemiology in guiding

Table 1 The distributions of the microorganisms causing BSIs and
mortality rates
Alive Dead
n %o n %
Microorganisms
Gram-negative microorganisms
Escherichia coli 152 87.4% 22 12.6%
Klebsiella spp. 69  697% 30 30.3%
Pseudomonas spp. 37 75.5% 12 24.5%
Acinetobacter spp. 13 46.4% 15 53.6%
Stenotrophomonas spp. 12 750% 4  25.0%
Enterobacter spp. 12 857% 2 14.3%
Serratia spp. 4 100.0% O
Salmonella spp. 8 100.0% 0
Aeromonas spp. 3 75.0% 1 25.0%
Morganella morganii 2 100.0% O
Neisseria spp. 0 1 100.0%
Proteus spp. 1 100.0% 0
Peptostreptococcus spp. 1 100.0% 0
Citrobacter spp. 2 100.0% 0O
Gram-positive microorganisms
Coagulase-negative staphylococci 333 922% 28 7.8%
S. aureus 17 708% 7 292%
Alpha-hemolytic streptococci 26 96.3% 1 3.7%
Enterococcus spp. 17 50.0% 17  50.0%
Corynebacterium spp. 9 81.8% 2 18.2%
Arcanobacterium spp. 100.0% 0
Leuconostoc spp. 1 100.0% 0
Fungal microorganisms 17 9
Candida tropicalis 4 80.0% 1 20.0%
Candida parapsilosis 3 75.0% 1 25.0%
Candida albicans 1 250% 3 75.0%
Candida krusei 5 1000% 0
Candida kefyr 0 1 100.0%
Candida sake 1 50.0% 1 50.0%
Candida spp. 1 100.0% 0
Aspergillus fumigatus 0 1 100.0%
Fusarium spp. 1 1000% O
Trichosporon spp. 1 50.0% 1 50.0%
Polymicrobial 44 71.0% 18  29.0%
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Table 2  Resistance profiles of common isolates

ESBL(+) Carbapenem resistance Colistin resistance Multi-drug resistance
Gram-negative microorganisms
Escherichia coli (n=197) 67 (34.0%) 7 (3.6%) 0 Not available
Klebsiella spp. (n=120) 58 (48.3%) 24 (20.0%) 6 (5.0%) Not available
Pseudomonas spp. (n=56) N/A 13 (23.2%) 0 13 (23.2%)
Acinetobacter baumannii (n = 36) N/A 17 (47.2%) 2 (5.6%) 17 (47.2%)
Methicillin resistance Vancomycin resistance
Gram-positive microorganisms
Coagulase-negative staphylococci (n =384) 325 (84.6%) 0 N/A N/A
Staphylococcus aureus (n=26) 5(19.2%) 0 N/A N/A
Enterococcus spp. (n=51) N/A 11 (21.6%) N/A N/A

N/A, not applicable. Multi-drug resistance (MDR) was defined as acquired nonsusceptibility to > 3 different antimicrobial classes

empirical treatment. We have demonstrated the major effect of
changing resistance profiles in Gram-negatives on mortality
by analyzing 950 episodes of bacteremia in 552 patients with
FN. The 30-day mortality rates were 12.0%, 21.5%, 34.6%,
and 29.0% in BSIs due to Gram-positive, Gram-negative bac-
terial, fungal, and polymicrobial etiology respectively. BSIs
with ESBL-producing (p =0.001) isolates, carbapenem

(p<0.001), and colistin-resistant isolates (p < 0.001) were as-
sociated with increased mortality risk. Thirty-day mortality
was not significantly associated with the presence of resis-
tance in patients with Gram-positive etiology. Catheter-
related BSIs constituted 48.7% (n=463) of total episodes,
and the mortality was significantly lower (p <0.002) in this

group.
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BSIs are of great importance to FNPs in terms of mortality
and morbidity. The reported incidence of BSIs among neutro-
penic patients is 11-38%, and the crude mortality rate reaches
up to 40%. The causative organisms of BSIs have changed
over time. In the past, Gram-negative bacteria were more pre-
dominant causative agents. But an increasing incidence of
Gram-positive bacteria has been reported over the last few
decades, particularly from the developed countries [4—6].

While the epidemiology of BSIs comprised predominantly
Gram-negative bacteria in FNPs in the 1960s—1970s, Gram-
positive strains started to dominate in the mid-1980s world-
wide. Also, it was noticed that BSIs developed by Gram-
negative agents were associated with high mortality due to

MDR strains [7]. Because of the epidemiological alteration,
close monitoring changes in etiology and resistance patterns
have been much more important to ensure the best empirical
coverage.

In our study, CoNS (35.5%, n=361) and
Enterobacteriaceae (34%, n=346) were the most common
causes. While Gram-negative strains were the most common
pathogens in some studies conducted before 2005, Gram-
positive strains became the most common pathogens after
2005. In the study of Mikulska et al. [8], the rates of Gram-
positive and Gram-negative isolates were 60% and 40%, re-
spectively. The main pathogens of bacteremia were CoNS
(25%) and Enterobacteriaceae (24%) respectively. In the

Table 3 The relationship

between resistance patterns and Alive Dead
the 30-day mortality
n % n % Chi-square ~ OR CI p

Extended-spectrum {3-lactamases 11.36 2.86 1.53-5.37 0.001
Presence 79 72.5% 30 27.5%
Absence 151 88.3% 20 11.7%

Inducible (3-lactamases 0.038 0.75 0.04-13.68 0.846
Presence 12 92.3% 1 7.7%
Absence 9 90.0% 1 10.0%

Carbapenem resistance 68.49 10.85 5.70-20.66 < 0.001
Presence 18 34.6% 34 65.4%
Absence 293 85.2% 51 14.8%

Colistin resistance 20.90 27.55 3.34-227.24 <0.001
Presence 1 12.5% 7 87.5%
Absence 307 79.7% 78 20.3%

Multi-drug resistance 15.87 8.38 2.74-25.54 <0.001
Presence 7 31.8% 15 68.2%
Absence 43 79.6% 11 20.4%

Methicillin resistance 0.15 0.85 0.370-1941 0.694
Presence 281 90.9% 28 9.1%
Absence 68 89.5% 8 10.5%

Vancomycin resistance 0.24 1.46 0.31-6.69 0.627
Presence 4 44.4% 5 55.6%
Absence 14 53.8% 12 46.2%
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same study, the questionnaire report of the European
Conference on Infections in Leukemia (ECIL) participants
showed that the median rates of Gram-positive and Gram-
negative bacteria were 55% and 45%, respectively. And the
most common pathogens were Enterobacteriaceae (30%) and
CoNS (24%).

In the early 2000s, an increase in Gram-positive and a
decrease in Gram-negative BSIs have been observed in gen-
eral [9, 10]. This shift toward Gram-positives may possibly be
related to the administration of the application of chemother-
apy regimens leading to severe mucosity, fluoroquinolone
prophylaxis, and the widespread use of indwelling catheters
and other portal devices. However, in some centers, this trend
has once again reversed, and in recent years Gram-negative
bacteria have become more common than Gram-positives
[11-14]. In the study of Mikulska et al., fluoroquinolone pro-
phylaxis was associated with lower rate BSIs, but did not have
an effect on mortality [15]. Our institute uses prophylaxis for
the prevention of BSIs among patients with hematological
malignancies. This explains Gram-positive predominancy in
our institute. But the use of prophylaxis is generally restricted
with patients who have prolonged neutropenia. Ronkké et al.
showed that fluoroquinolone prophylaxis in selected patients
with high risk decreased Gram-negative BSIs [16].
Therefore, overall, there was no sharp shift but an in-
crease from 44.9 to 48.3% in BSIs developed with
Gram-negatives after 2010. Gram-negative bacteria were
isolated more frequently in blood cultures in 2011 and
2014. But Gram-positives rebecame more common in
the following years.

Gram-negative rods that cause BSIs in FNPs are the pre-
dominant organisms of the gastrointestinal tract. BSIs caused
by these microorganisms are usually associated with disrup-
tion of mucosal integrity. Enterobacteriaceae are the most
common cause of Gram-negative BSIs. Other Gram-
negatives (e.g., Pseudomonas spp., Acinetobacter spp.) ap-
pear to be important pathogens in the hematology population.
CoNS are described as skin normal flora members and gener-
ally considered to be contaminants when isolated in blood
cultures [17]. However, these organisms may also be respon-
sible for clinically important nosocomial bacteremia (particu-
larly catheter-related). CoNS have been reported as the most
commonly isolated Gram-positive bacteria in the blood cul-
tures of neutropenic patients in various studies. Similarly, in
our study, CoNS (35.5%) was the most frequently isolated
Gram-positive bacteria in blood cultures. Among Gram-posi-
tives, S. aureus was much less frequent (n =26, 5.1%) than
CoNS. Also, methicillin-resistant S. aureus (MRSA) was low
(n=35, 1.0%) in our study. While the rate of Gram-positive
bacteria was higher, the mortality rates were found to be lower
compared with Gram-negatives in our study. It may be due to
the fact that the Gram-positive pathogens were frequently
CoNS and catheter-related. Also, the patients generally
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received early effective treatment for Gram-positives such as
vancomycin or teicoplanin in the presence of clinical indica-
tions including suspected catheter-related BSI, soft-tissue in-
fection, pneumonia, or hemodynamic instability.

In Europe’s southeast, Israeli and Turkey, the rates of re-
sistance in Gram-negative bacteria have been observed to be
high [8]. Noteworthy data for Gram-negative bacteria was the
detection of carbapenem-resistant Enterobacteriaceae (CRE)
(K. pneumoniae, E. coli), which was virtually absent in the
late 1980s and reached 9.5% of patients in 2010-2011 [18].
Also, antimicrobial-resistant strains among these Gram-
negatives have increased. In a study, the incidence of BSIs
due to carbapenem-resistant K. pneumoniae increased 6-fold
between 2010 and 2013 in HSCR [19]. In another study,
carbapenem-resistance rate was 9% during neutropenia. In
our country, carbapenem-resistant Gram-negatives emerged
after 2010 as well. In our study, while carbapenem resistance
was not found before 2010, it was found to be 6.5% in E. coli
and 32.8% in Klebsiella spp. after 2010.

Pseudomonas spp. and Acinetobacter spp. have emerged
as prominent MDR bacteria all over the world. Also in our
study, the rates of these MDR organisms increased year by
year. In a multicenter study conducted in Italy, 71% of the
microorganisms had MDR [20]. In our study, the rates of
carbapenem resistance and MDR were not detected in
Pseudomonas spp. before 2010, but it was found to be 40%
after 2010. A. baumannii is often resistant to cephalosporins or
carbapenems and has emerged as a common pathogen isolated
in BSIs in neutropenic patients [21]. There are some studies
showing high antimicrobial resistance to Acinetobacter spp. in
neutropenic patients. An increase in the rate of MDR
A. baumannii has been observed with an increase in the prev-
alence of Acinetobacter spp. [22, 23]. In our study, MDR and
carbapenem resistance before and after 2010 was found to be
15.7% and 82.3%, respectively.

Mortality rates in neutropenic patients have decreased from
25% in the late 1970s to 6% in recent years [24]. Generally,
Gram-positive BSIs result with lower mortality compared
with Gram-negative BSIs [25, 26]. In our study, crude mor-
tality due to Gram-positive microorganisms was found to be
12.0%, while it was 23.6% in Gram-negatives. The rising in
resistant Gram-negatives leads to an increase in mortality
rates. Antibiotic resistance forces clinicians to select appropri-
ate empirical antimicrobial agents in neutropenic patients with
serious infections. However, unnecessary broad-spectrum an-
tibiotic use results in higher resistance and mortality rates in
both the general population and neutropenic patients. In the
Italian cohort, infections caused by ESBL-producing isolates
of hematology patients were associated with a 9-fold in-
creased mortality risk [27]. In our study, the development of
BSIs with ESBL-producing Gram-negative bacteria was asso-
ciated with approximately 2.8-fold increased mortality risk
(p=0.001).
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Also, CRE infections have become a major problem world-
wide. In the study of Righi et al., it was associated with both
high morbidity and mortality compared with susceptible mi-
croorganisms [28]. In the study of Gedik et al., they showed a
mortality rate of 50% for carbapenem-resistant Gram-nega-
tives in neutropenic patients [11]. In our study, the develop-
ment of BSIs with CRE was associated with 10.8-fold in-
creased mortality risk (p <0.001). Colistin-resistant Gram-
negative rods were associated with 27.5-fold increased mor-
tality risk (p <0.001). After these results, we modified our
empirical treatment approach of FN by restricting unnecessary
use of antibiotics, particularly carbapenems. Although it is
difficult to implement because of a growing number of anti-
microbial resistance, continuity is essential. In our center, we
started to reserve primary administration of carbapenems for
clinically unstable patients with colonization or previous in-
fection by MDR microorganisms. Also, we restricted long
duration indwelling catheters which may cause BSIs with an-
timicrobial resistant microorganisms.

In addition, our study was consistent with the study of
Albiger et al. showing that the mortality rate was higher in
polymicrobial BSIs (19% vs 12%; p=0.07) compared with
monomicrobial infections (p =0.017) [29].

Our study has several limitations. First, it was conducted in
a single center. Second, the study was retrospective. Third, we
did not consider underlying comorbid diseases as risk factors
and we did not run a multivariate regression analysis.

This study has also several strengths. First, this study
showed the epidemiological changes including numerous pa-
tients over ten years. Second, this study has good gen-
eralizability because the results are broadly applicable to
many different types of individuals and situations, even
if differences in applications of the antimicrobial treat-
ment and prophylaxis, infection control policies, and
resistance patterns of microorganisms between centers
affect the results.

Conclusion

In conclusion, the tremendous rise in resistance rates among
Gram-negatives is dreadfully related to increased mortality
and leads to sharp shifts toward extreme restrictions of unnec-
essary antibiotic uses. Antimicrobial governance programs
based on active surveillance data and led by multidisciplinary
teams should strictly be applied in such centers in order to
improve patient outcomes and overcome the pressure of a
forthcoming pan-drug-resistant era.
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