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Abstract

Background: Bloodstream infection (BSI) is the most frequent
infection in critically ill patients. As BSI’s among patients in inten-
sive care units (ICU’s) are usually secondary to intravascular cath-
eters, they can be caused by both Gram-positive and Gram-negative
microorganisms as well as fungi. Infection with multidrug-resistant
(MDR) organisms is becoming more common, making the choice
of empirical antimicrobial therapy challenging. The objective of
this study is to evaluate the spectrum of microorganisms causing
BSI’s in a Medical-Surgical Intensive Care Unit (MSICU) and their
antimicrobial resistance patterns.

Methods: A prospective observational study among all adult pa-
tients with clinical signs of sepsis was conducted in a MSICU of
an inner-city hospital in New York City between May 1, 2010 and
May 30, 2011.

Results: A total of 722 adult patients with clinical signs of systemic
inflammatory response syndrome (SIRS) and/or sepsis were admit-
ted to the MSICU between May 1, 2010 and May 30, 2011. From
those patients, 91 (12.6%) had one or more positive blood culture.
A 122 isolates were identified: 72 (59%) were Gram-positive bac-
teria, 38 (31.1%) were Gram-negative organisms, and 12 (9.8%)
were fungi. Thirteen (34.2%) Gram-negative organisms and 14
(19.4%) Gram-positive bacteria were classified as MDR.

Conclusions: Antimicrobial resistance, particularly among Gram-
negative organisms, continues to increase at a rapid rate, especially
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in the ICU’s. Coordinated infection control interventions and anti-
microbial stewardship policies are warranted in order to slow the
emergence of resistance.
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Introduction

Despite advances in therapy and supportive care, BSI contin-
ues to be a major cause of morbidity and mortality in hospi-
talized patients. ICU’s are often the epicenter of these infec-
tions, mainly because of its extremely vulnerable population
and the increased risk of becoming infected through multiple
invasive therapeutic and diagnostic procedures. Accom-
panying the physiologic stress of infections is the increas-
ingly added burden of MDR that hinders therapy of these
infections, with consequential adverse clinical and economic
results. The ongoing emergence of resistance in the com-
munity and hospitals is a major threat for the public health
system [1]. It is becoming increasingly difficult to define the
epidemiology of MDR organisms within a specific location
or healthcare setting, because of the frequent transfer of pa-
tients between acute and long-term care facilities as well as
patient migration between different regions. The distinction
between nosocomial and community-acquired infections is
becoming blurred as well, since community-acquired organ-
isms have become important cause of hospital-acquired in-
fections [2]. Describing the magnitude of the problem with
respect to these antimicrobial-resistant pathogens is chal-
lenging, because the levels of antimicrobial resistance vary
for different types of healthcare facilities and from different
geographic areas. Infections with MDR organisms can lead
to inadequate or delayed antimicrobial therapy, and are as-
sociated with adverse patient’s outcomes [3].

Infection control measures have important implications
for daily practice, because the number of patients already
colonized or infected with MDR organisms on arrival to the
ICU’s is increasing [4]. The objective of this study is to eval-
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uate the spectrum of pathogens causing BSI’s in a MSICU
of an inner-city hospital in New York City, as well as their
antimicrobial resistance patterns.

Methods
Study design and patient population

The study was conducted prospectively in a 346-bed com-
munity inner-city hospital located in North Brooklyn, New
York, with wards consisting of general internal medicine,
general surgery, obstetrics/gynecology, psychiatry, and pe-
diatrics. The total annual number of emergency department
visits at our institution is roughly 100,000, with 17,500
admissions per year and an average daily census of about
300 patients. The MSICU in this hospital is comprised of
24 beds. All adult patients admitted to the MSICU between
May 1, 2010 and May 30, 2011 were enrolled in the study.
The admissions to the MSICU included patients from the
emergency department and transfers from the medical and
surgical wards. Eligibility criteria included age of 18 years
or older, and having at least 2 of the clinical signs or mani-
festations of SIRS and/or sepsis (defined below). Exclusion
criteria were readmission to the MSICU within 30 days, and
patients admitted to the unit for short-term post-operative
monitoring. Computerized medical records were reviewed
and clinical information was abstracted for each patient. In-
stitutional Review Board of the hospital approved the study.

Definitions

Clinical criteria of SIRS and sepsis were the following: tem-
perature of > 38 °C or < 36 °C, systolic blood pressure of <
90 mmHg, diastolic blood pressure of < 60 mmHg, heart rate
of > 90 beats/minute, respiratory rate of > 20 breaths/min-
ute, and white blood cell count of > 12,000/mm?® or < 4,000/
mm?. BSI was defined as infection confirmed by blood cul-
ture. MDR in Gram-negative organisms was defined as resis-
tance to at least 1 antimicrobial in 3 or more antimicrobials
classes: fluoroquinolones, 3rd generation cephalosporins,
aminoglycosides, and carbapenems [5], including organisms
harboring Extended-Spectrum fB-Lactamases (ESBL’s) [6],
and Carbapenem-Resistant Enterobacteriaceae (CRE) [7].
Among the Gram-positive organisms, MDR was defined as
methicillin resistance in Staphylococcus aureus and vanco-
mycin resistance in Enterococcus spp. Polymicrobial BSI
was described as the recovery of different organisms from
one or more blood cultures within the same BSI episode [8].

Laboratory methods and susceptibility testing

At least one set of blood culture per patient was drawn, and
then sent to a reference microbiology laboratory (Kings
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County Hospital, New York) for processing. The blood cul-
ture system Bact-Alert 3D® was used for the recovery of
pathogens. Blood culture bottles were incubated for 5 days
at 37 °C. Isolates of microorganisms were identified by con-
ventional biochemical and serological methods. A BSI was
defined as isolation of at least one positive peripheral blood
culture, except cases of infection with coagulase-negative
staphylococci (CNS), for which isolation of two positive
blood cultures was required. Antimicrobial susceptibility
testing of isolated pathogens to clinically relevant antimi-
crobials was performed by using MicroScan panels or the
Kirby Bauer diffusion methods, according to the guidelines
published by the Clinical and Laboratory Standards Insti-
tute (CLSI). Susceptibilities for linezolid, daptomycin, and
tigecycline in cases of methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant Enterococcus
(VRE) were performed as per physician request, and not
on routine basis. Gram-negative organisms were tested for
ESBL production in cases of isolates with reduced suscepti-
bility to ceftriaxone or ceftazidime. ESBL and carbapenem-
resistant organisms were tested for susceptibility to poly-
myxins as per physician request. Susceptibility testing was
not routinely performed for fungal organisms.

Results

During the 13-month study period, a total of 722 adult pa-
tients with clinical signs of SIRS and/or sepsis were admitted
to the MSICU. Ninety-one (12.6%) had one or more positive
blood culture. 47.2% (43/91) of the isolates were recovered
from males. The median age was 64 years (49.4% (45/91)
were > 65).

Of 122 isolates recovered, 72 (59%) were Gram-positive
bacteria, 38 (31.1%) were Gram-negative organisms, and 12
(9.8%) were fungi. A total of 20 patients (21.9%) had poly-
microbial BSI. Among the Gram-positive isolates, the most
common organism identified was CNS (28/72, 38.8%), fol-
lowed by Staphylococcus aureus (15/72, 20.8%), Entero-
coccus spp (12/72, 16.6%), and Streptococcus pneumoniae
(8/72, 11.1%). Seventy-five percent (21/28) of CNS isolates
were considered microbiological contaminants and not clini-
cally significant. The most common CNS isolated were: epi-
dermidis (14/28, 50%), followed by hominis (7/28, 25%),
and haemolyticus (3/28, 10.7%). All CNS were susceptible
to vancomycin, and 75% (21/28) were resistant to methicil-
lin. From the Staphylococcus aureus isolates, 9 (60%) were
methicillin-susceptible (MSSA), and 6 (40%) were MRSA.
Resistance rates for MRSA were as follows: erythromycin,
100% (6/6); clindamycin, 66.6% (4/6); fluoroquinolones,
83.3% (5/6); and sulfamethoxazole, 0% (0/6). The median
minimun inhibitory concentration (MIC) for vancomycin in
the MRSA group was 2.0 ug/mL.

Among the Enterococcus spp, 8 isolates (66.6%) were
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VRE: 3 isolates (37.5%) were Enterococcus faecalis that
were susceptible to ampicillin, while 5 (62.5%) were Entero-
coccus faecium resistant to ampicillin; resistance to gentami-
cin and streptomycin synergy was found in 4 (50%) and 5
(62.5%) isolates, respectively. Susceptibility testing was not
performed for linezolid, daptomycin, or tigecycline in cases
of MRSA and VRE. All Streptococcus pneumoniae isolates
were susceptible to penicillin.

The most common Gram-negative bacteria isolated
were Klebsiella spp (10/38, 26.3%); 8 isolates (80%) were
Klebsiella pneumoniae. Other relevant Gram-negative or-
ganisms were: Escherichia coli (8/38, 21%), Acinetobacter
baumannii (5/38, 13.1%), and Enterobacter cloacae (5/38,
13.1%). A total of 13 (34.2%) Gram-negative organisms
were identified as MDR, among which 12 (92.3%) produced
ESBL’s. The most common ESBL-producers were Klebsi-
ella pneumoniae (6/12, 50%), and Acinetobacter baumannii
(4/12, 33.3%). Carbapenem-resistant phenotype was found
in 9 isolates (75%): 5 (55.5%) were Klebsiella pneumoniae,
and 4 (44.4%) were Acinetobacter baumannii. The most
common risk factors for MDR infections were diabetes mel-
litus and malignancy.

Fungal organisms isolated were Candida glabrata (4/12,
33.3%), Candida tropicalis (4/12,33.3%), and Candida albi-
cans (3/12, 25%). Aspergillus niger was identified from one
isolate, and was considered as environmental contaminant.

Discussion

The global escalation in both community- and hospital-ac-
quired antimicrobial-resistant bacteria is increasingly com-
promising effective antimicrobial therapy, particularly when
it comes to empiric antimicrobial selection. The emergence
of MDR often is dedicated to excessive use of broad-spec-
trum antimicrobial agents, since more than 60% of all ICU
patients receive antimicrobials during their stay in critical
care units [9]. Compared with infections not caused by MDR
microorganisms, the additional cost of MDR infections in
hospitalized patients have been estimated at § 6,000 to $
30,000 per patient [10]. In the battle against MDR, several
behavioral changes have been proposed to reduce or to im-
prove antimicrobial therapy. In the ICU’s, strategies such as
antimicrobial cycling and de-escalation schemes have been
implemented. However, the use of broad-spectrum antimi-
crobials in critically ill patients is deemed necessary due to
small margins for error in choice of therapy, where initial
selection of antimicrobials covering offending pathogens is
of extreme importance [11]. Lipsitch et al concluded that use
of antimicrobials for which resistance is not present will be
positively associated at the individual level with carriage of
bacteria resistant to another antimicrobial but negatively as-
sociated at the population level with the prevalence of resis-
tance to the other antimicrobial [12]. The outcome of BSI’s
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depends on a number of factors. Mortality seems to be strict-
ly related to the severity of infection, underlying diseases,
advanced age, and inadequate antimicrobial therapy.

The epidemiology of microbial pathogens causing BSI’s
dramatically changed over years, with a concomitant in-
crease in antimicrobial resistance. A nationwide surveillance
study conducted in 49 hospitals in USA showed a large prev-
alence of Gram-positive bacteria causing BSI’s compared
with Gram-negative organisms. However, a trend towards an
increasing incidence of Gram-negative organisms causing
BSI’s has been observed more recently [13-15]. In our study,
there was a slightly higher prevalence of Gram-positive bac-
teria over Gram-negative organisms causing BSI.

According to data provided by the National Healthcare
Safety Network (NHSN), 192 MSICU’s in USA reported
578 catheter-related BSI’s in 2010 [16]. MRSA has emerged
as the most common hospital acquired pathogen. By 2003,
MRSA represented more than 60% of all Staphylococcus au-
reus isolates in USA ICU’s [13, 17]. From 2005 to 2008,
the incidence of invasive MRSA infections declined by 34%
compared to baseline rates [ 18]. Because of about 85% of the
infections reported through this system were bloodstream
infections, the decreased incidence may be the result of in-
tervention bundles to prevent vascular catheter infections
rather than a lower organism burden [19]. Historically, van-
comycin has been the cornerstone of treatment for patients
with serious MRSA infections. Consequently, vancomycin
use has been increasing since the mid 1980’s, resulting in
the emergence of MRSA with reduced susceptibility to van-
comycin. In patients with Staphylococcus aureus bactere-
mia, higher vancomycin MIC’s have been associated with
prolonged bacteremia, increased rate of relapse, prolonged
hospital stay, and increased mortality [20]. Vancomycin MIC
‘creep’ (rising of vancomycin MIC’s among vancomycin
susceptible isolates) in MRSA continues to be implicated in
treatment failures, requiring clinicians to target higher van-
comycin trough levels for invasive MRSA disease, and to
consider alternative antimicrobial therapy when vancomycin
MIC is > 2 pg/mL [21]. As outlined in our report, the median
MIC for vancomycin was 2.0 pg/mL. Unfortunately, suscep-
tibility testing for linezolid, daptomycin, or tigecycline was
not performed on routine basis. The MRSA rate reported in
the present study (40%) is comparable to the USA rate of
52.9% described in the National Nosocomial Infections Sur-
veillance (NNIS) data summary for the period 1992 - 2004
[17]. In a large prospective surveillance study, Zhanel et al
reported that 22.3% of all Staphylococcus aureus isolates in
Canadian ICU’s corresponded to MRSA [22]. Seventy-one
percent of bacteremic episodes among patients admitted to
Italian ICU’s were caused by MRSA, and many European
ICU’s reported that about 9% of the MRSA isolates had a
MIC of at least 2.0 pg/mL for vancomycin [23, 24].

CNS is among the most common organisms isolated
from blood cultures among patients in the ICU’s. Overall, it
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was the most commonly isolated organism in this study. In
most cases are considered contaminants rather than a cause
of true infection. Although distinguishing contaminant from
true infection remains difficult without a gold standard, the
rate of blood cultures contaminated with CNS in this report
was much higher than in other studies [25], but similar to
USA rates [17].

The emergence of VRE as an increasingly common
nosocomial pathogen has created a formidable challenge
for both clinicians and infection control officers since it was
first described in 1988 [26]. Hospitalized patients, especially
those treated in the ICU’s, are the largest reservoir of VRE.
In those patients, colonization occurs predominantly in the
gastrointestinal tract facilitating widespread of the organism
within hospitals. Vancomycin administration in patients al-
ready colonized with VRE significantly increased the risk
of prolonged VRE carriage, playing a critical role in the
nosocomial epidemiology of this organism [27]. The results
of this study showed an overwhelming high rate of VRE
(66.6%) among Enterococcus spp isolates. In one study,
Zhanel et al reported that 6.7% of all Enterococcus spp in
ICU’s were VRE [22]. Similarly, the prevalence of VRE in
European ICU’s appears to be irrelevant, according to data
reported by the European Antimicrobial Resistance Surveil-
lance Network [28].

ESBL-producing organisms have been described in USA
since the 1980’s and have been associated strongly with nos-
ocomial infections. Carbapenams antimicrobials are consid-
ered the first-line therapy for ESBL infections, but resistance
to this antimicrobial class is becoming widespread. Since
the first case of CRE occurred in North Carolina in 1996
[29], infections due to these organisms have been described
in most of the USA. The major carbapenemase in the USA
is Klebsiella pneumoniae (KPC) [30]. The first reports of
KPC isolates started to appear in New York hospitals around
2004. In several reports, the nationwide resistance percent-
age remained high, which suggests that this phenotype may
be more widespread and more common than previously
recognized [31, 32]. From 2000 to 2007, the proportion of
healthcare-associated Klebsiella pneumoniae infections that
were due to carbapenem-resistant isolates increased from <
1% to > 8% [33]. Consequently, the number of institutions
that reported KPC-producing bacteria recovered from ICU
patients increased from 23% to 40% during 2009 - 2010
[34]. Kallen et al reported 15,275 isolates of Pseudomo-
nas aeruginosa, Acinetobacter baumannii, and Klebsiella
pneumoniae from 803 hospitals in USA. The proportion of
MDR isolates were 10%, 60%, and 15% respectively. Six-
ty-seven percent of those isolates were linked to infections
that occurred in ICU’s. Overall, MDR was most commonly
reported from the Northeast region of the USA [35]. In Eu-
rope, Escherichia coli is the most prevalent organism among
infections with ESBL-producing bacteria [36]. Exposure to
long-term care facilities and previous exposure to broad-
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spectrum antimicrobials are risk factors that have been con-
sistently associated with CRE infections. Not surprisingly,
patients with carbapenem-resistant infections also have sig-
nificant comorbidities. Our report showed that 75% of the
MDR Gram-negative organisms had carbapenem-resistant
phenotype. It was most commonly found in Klebsiella pneu-
moniae and Acinetobacter baumannii isolates, similar as in
previous studies. However, Bertrand et al reported that North
America has the lowest rate of ESBL-producing Klebsiella
pneumoniae when compared to ICU’s in other continents of
the world [37]. Nevertheless, as of 2011, KPC’s have been
found in at least 10 countries in four continents with notable
outbreaks in Israel and USA [38]. Literature regarding ap-
propriate therapy for CRE infections is limited, as are the
options of clinically available antimicrobials. Given the re-
stricted antimicrobial options and the potential for further
resistance to develop, most institutions have focused on ag-
gressive infection control policies to limit transmission. In
our institution, empiric antimicrobial regimens composed by
vancomycin plus a 4th-generation cephalosporin (cefepime),
or an anti-pseudomonal penicillin (piperacillin-tazobactam),
or a carbapenem (doripenem), with or without a macrolide
(azithromycin) or a fluoroquinolone (moxifloxacin) is usu-
ally initiated in patients admitted with sepsis with or without
septic shock. Surprisingly, all recovered isolates of VRE and
CRE were not covered initially by our empiric antimicro-
bial therapy. Although this report does not address patient
outcomes, the suboptimal selection of empiric antimicrobial
therapy for those patients likely had adverse impact on sur-
vival, and surely in length of stay and hospital costs.

It is also important to address the higher rate (9.8%)
of fungemia found in our study, when compared with other
reports [39]. Candida albicans BSI’s are the most common
invasive fungal infections among hospitalized patients. In
the USA, is currently the fourth leading cause of nosoco-
mial BSI’s among hospitalized patients and third among ICU
patients. The incidence and epidemiology of invasive can-
didiasis in the ICU’s has undergone considerable change in
the past decades. Significant regional and geographic varia-
tions exist in the incidence of the different Candida spp.
Kett et al reported Candida albicans as the most common
Candida spp isolated among patients in ICU’s [13, 39]. In
some series, non-albicans spp account for nearly half of all
Candida BSI’s. Candida glabrata is generally the second
most commonly isolated pathogen in North America [13,
40]. Our results showed slight predominance of non-albi-
cans spp. Retrospective cohort studies have been undertaken
to estimate mortality attributable to candidemia and report
rates ranging from 10% to 49%, with added hospital costs of
about $ 40,000 per case [41]. The gold standard diagnostic
test for invasive candidiasis has been isolation of the organ-
ism by blood culture. Detection of candidemia by blood cul-
ture often takes more than 24 hours. For certain spp, such as
Candida glabrata, the time can be even longer, leading to a
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significant delay in appropriate therapy and higher mortality
[42, 43]. None of the patients included in this study were
receiving empiric antifungal therapy at the time the fungal
organisms were isolated.

There are several limitations in this study: 1) MRSA
and VRE isolates were not routinely tested for susceptibil-
ity to linezolid, daptomycin, or tigecycline; 2) ESBL and
CRE isolates were not routinely tested for susceptibility to
polymyxins; 3) our institution did not have an antimicrobial
stewardship program developed at the time of the study; 4)
the practice of surveillance cultures among critically ill pa-
tients has not been consistently followed in our institution;
5) we did not know the timing from admission to the ICU to
when the blood cultures became positive, so it was difficult
to differentiate between community-acquired and hospital-
acquired BSI’s; and 6) lack of microbiology laboratory with-
in the facility, so our samples have to be process in another
institution. It is difficult to quantify the burden of disease,
expressed as increased mortality or prolonged length of stays
due to infections caused by these antimicrobial-resistant or-
ganisms. Routine surveillance cultures to steer empiric an-
timicrobial therapy may result in higher rates of initial ap-
propriate therapy while including a substantial potential in
the savings of last-line antimicrobial agents [44]. Specific
impact of preventive measures certainly depends on the local
epidemiology and resistance levels.

This study, along with previous studies, highlights
that antimicrobial resistance is high in patients admitted to
ICU’s. Infection control measures have important implica-
tions for daily practice, because more patients are already
colonized with MDR organisms on arrival to ICU. There-
fore, broad empiric antimicrobial coverage may be needed
in several patients admitted to these units. In the absence of
new antimicrobials, prevention of infections and optimiz-
ing adherence to universal infection control measures, along
with restriction of antimicrobials consumption by a sensible
hospital drug policy such as antimicrobial stewardships and
promotion of a rational use of antibiotics, should stop or de-
creased the rising of MDR.
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