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Antimicrobial resistance patterns, clinical
features, and risk factors for septic shock and
death of nosocomial E coli bacteremia in adult
patients with hematological disease

A monocenter retrospective study in China
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Abstract N
The aim of this retrospective analysis was to evaluate the antimicrobial resistance, clinical features, and risk factors for septic shock |
and death of nosocomial E coli bacteremia in adult patients in a single hematological center in China. A retrospective case-control
study of 157 adult hematological patients with 168 episodes of E coli bacteremia was initiated from April 2012 to July 2015.
Antimicrobial susceptibility as well as antimicrobial co-resistance rates were analyzed. Clinical features and outcomes were also
studied. In addition, risk factors for septic shock and death were investigated. Among the 553 positive blood isolates during the study
period, the prevalence of £ coli was 33.3% and ESBL production strains represented 61.9% of those examined. In all the £ coli strains
isolated, 85.6% were multidrug-resistance (MDR), 2.4% were extensive drug resistance (XDR), and 6.0% were resistant to
carbapenems. More MDR phenotype was noted in ESBL-EC strains (98.6% vs 62.8%, P<.001) and isolates from neutropenic
patients (98.6% vs 62.8%, P < .001). In the antimicrobial susceptibility test, carbapenems and amikacin exhibited not only higher in
vitro activity against £ coli (94.0% and 92.0%, respectively), but lower co-resistance rates to other antibiotics. Carbapenem resistant
strains retained full sensitivity to tigecycline and 60% to amikacin. Piperacillin/tazobatam was the third sensitive drug to both ESBL-
EC (77.1%) and non-ESBL-EC (86.0%). In our series, 81.6% episodes received appropriate initial antibiotic treatment and no
significant decrease in it was found in bacteremia due to ESBL E coli and patients with neutropenia, septic shock. Septic shock was
noted in 15.5% patients and the overall 30-day mortality rate was 21.7%. Multivariate analysis revealed that induction chemotherapy
(OR 2.126; 95% Cl 1.624-11.332; P=.003) and polymicrobial infection (OR 3.628; 95% Cl 1.065-21.219; P=.041) were risk factors
for septic shock, whereas male (OR 2.223; 95% Cl 1.132-12.022; P < .01) and septic shock (OR 52.359; 95% Cl 19.951-292.690;
P=.030) were risk factors for death.

In the hematology department, ESBL-producing and MDR are widely prevalent in £ coli bacteremia which is still a major life-
threatening problem, especially for patients with septic shock. For empirical antimicrobial therapy, combination based on
aminoglycoside, especially amikacin, will be helpful to increase the antimicrobial coverage against ESBL-EC while combining
tigecycline with aminoglycoside should be considered for seriously carbapenem-resistant infectious patients.

Abbreviations: AA = aplastic anemia, AL = acute leukemia, ALL = acute lymphocytic leukemia, AML = acute myeloid leukemia,
ANC = absolute neutrophil count, ATG = antithymocyte globulin, BSIs = bloodstream infections, CDC = Centers for Disease Control
and Prevention, Cis = confidence intervals, E coli = Escherichia coli, ECDC = European Center for Disease Prevention and Control,
ESBL-EC = ESBLs producing E coli, ESBLs = extended-spectrum B-lactamases, LOS = length of stay, MDR = multidrug-
resistance, MDS = myelodysplastic syndrome, MDS-RAEB = MDS-refractory anemia with excess of blasts, MM = multiple myeloma,
ORs = odds ratios, PICC = peripherally inserted central catheter, SMZ-TMP = sulfamethoxazole and trimethoprim, VF = virulence
factor, XDR = extensive drug resistance.
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1. Introduction

Over the last decade, advances in treatment approaches have
improved the prognosis of patients with hematological disorders,
especially hematological neoplasms. Unfortunately, bloodstream
infections (BSIs), one of the most common severe infections in
hematology department, is still the important complication
contributing significantly to extended hospitalization and
increased mortality. Recently, a shift towards Gram-negative
bacteria has been noted in the bacterial epidemiology of
hematological patients.['! Moreover, the production of extend-
ed-spectrum B-lactamases (ESBLs) has drawn great attention due
to the spread of antimicrobial resistance. Escherichia coli (E coli)
has become an important ESBLs producer since 2000, and a
significant increase in the number of ESBLs producing E coli
(ESBL-EC) BSIs has been reported by several studies.l”~°
Meanwhile, ESBLs production adversely affected the outcomes of
E coli bacteremia in cancer, especially patients with a
hematologic malignancy.['"! ESBL-producing E coli bacteremia
among patients with hematological malignancies has been
reported. However, risk factors for mortality, drug resistance,
and impact of antimicrobial therapy on outcome among different
studies still remain controversial.l*1%12714 The discrepancy may
be related to the local prevalence of pathogens causing infection
and their antibiotic susceptibility, which may change over time.
Currently, although some results of antimicrobial resistance of E
coli in certain hematologic disorders were reported, information
about antimicrobial resistance, especially antimicrobial co-
resistance of E coli causing bacteremia in adult patients in the
whole hematological center was limited. Furthermore, the
distinctive clinical characteristics of hematological patients with
E coli bacteremia have not been well established. Therefore, in
this study, we collected clinical data of hematological patients
with E coli bacteremia, analyzed the antimicrobial sensitivity as
well as antimicrobial co-resistance rates of E coli, compared the
clinical characteristics and investigated the risk factors for septic
shock and death of E coli bacteremia patients, in order to guide
the clinical recognition, and implement effective treatment
decisions.

2. Materials and methods

2.1. Study design and patients

Approved by the ethics committee of the first affiliated hospital of
Zhengzhou University, Henan Province, China, we conducted a
retrospective observational study at our hospital. From April 1st
2012 to July 31st 2015, hematological patients aged >14 years
were enrolled if they had at least 1 episode of E coli bacteremia.
Clinical data were collected from medical records and no
additional medical procedures were performed. We analyzed the
characteristics of patients with E coli bacteremia from the
following aspects: the presence of ESBL, neutropenia, septic
shock, adequate initial antimicrobial therapy, and antimicrobial
susceptibility.

The following data were collected: age, gender, underlying
diseases, comorbidities, absolute neutrophil count, presence of
septic shock, chemotherapy treatment (30 days prior to the index
infection), receipt of glucocorticoid or immunosuppression
agents within 30 days prior to bacteremia, antimicrobial
susceptibility profile, antimicrobial agents applied during the
previous 30 days, and the presence of a PICC. Clinical outcome
(30 days after the infection episode) was classified as alive, death,
or lost to follow-up.
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2.2. Bacteriology and antimicrobial susceptibility testing

Identification of E coli strains and susceptibility testing
were performed using standard microbiologic methods with
an automated system in the microbiology laboratory.
Antimicrobial susceptibility testing was performed using the
Kirby-Bauer disk diffusion method. Production of ESBLs
was confirmed using the double-disk synergy test in accor-
dance with the Clinical and Laboratory Standards Institute
standards.!'’!

2.3. Definitions

The date of collection of the blood culture which yielded E coli
was regarded as the date of bacteremia onset. A relapsing
bacteremia was considered as a second episode of bacteremia
caused by E coli during the study period. Polymicrobial
bacteremia was defined as isolation of E coli and an additional
bacterium from the blood at the time of the diagnostic blood
culture. Nosocomial infection was defined as an infection that
occurred >48hours after hospital admission, an infection that
occurred <48hours after admission to the hospital in patients
that had been hospitalized in the 2 weeks prior to admission,
and an infection that occurred <48 hours after admission to the
hospital in patients that had been transferred from another
hospital or nursing home.'"® Neutropenia was defined as an
absolute neutrophil count (ANC) <0.5 x 10%/L. Septic shock
was defined as sepsis associated with evidence of organ
hypoperfusion and a systolic blood pressure <90 or >30 mm
Hg less than the baseline or a requirement for the use of a
vasopressor to maintain blood pressure. Antibiotic exposure
was defined as any antibiotic therapy >24hours but <30 days
prior to the time when the positive blood cultures were drawn.
Adequate initial antimicrobial therapy was defined as at least 1
antibiotic agent administrated by the intravenous route within
the initial 24 hours of index blood drawn and should be active in
vitro against the infecting microorganism.""”? Glucocorticoid/
immunosuppressive therapy was identified as receiving equiva-
lent to >20mg prednisone/day for at least 1 week or receiving
cyclosporine, antithymocyte globulin (ATG), and tacrolimus
within 30 days before onset of bacteremia. Day 30 mortality
was defined as the time from the positive blood culture until
death. All antimicrobial susceptibility results that fell into the
intermediate category were presumed to be resistant in this
study. According to the guidelines recommended by joint
initiative of the European Center for Disease Prevention and
Control (ECDC) and the centers for Disease control and
Prevention (CDC),!*®! the isolates showing non-susceptibility to
at least 1 agent in 3 or more antimicrobial categories were
identified as MDR, non-susceptibility to at least 1 agent in all
but 2 or fewer antimicrobial categories were identified as XDR
and non-susceptibility to all agents in all antimicrobial
categories were identified as PDR.

2.4. Statistical analysis

Student’s ¢ test was used to compare continuous variables, and
Pearson chi-square test or Fisher s exact test was used to compare
categorical variables and percentage. Odds ratios (ORs) and 95 %
confidence intervals (CIs) were calculated to determine the
strength of associations that emerged. P values <.05 were
considered statistically significant, and all probabilities were
2-tailed. Variables that were associated with septic shock and
death in the univariate analysis (P <.05) were entered into a
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Comparison of antimicrobial susceptibility between ESBL-EC and
non-ESBL-EC.

ESBL-EC Non-ESBL-EC

n/N (%) n/N (%) P
Imipenem 68/70 (97.1) 38/43 (88.4) 140
Ertapenem 66/69 (95.7) 38/42 (90.5) 493
Amikacin 64/70 (91.4) 40/43 (93.0) 1.000
Piperacillin/tazobatam 54/70 (77.1) 37/43 (86.0) 246
Cefoperazone/sulbactam 1117 (64.7) 11/16 (68.8) .805
Cefepime 37/70 (52.9) 38/43 (88.4) <.001
Cefazidime 35/70 (50.0) 37/43 (86.0) <.001
Gentamicin 20/70 (28.6) 21/43 (48.8) .030
Aztreonam 20/70 (28.6) 37/43 (86.0) <.001
SMZ-TMP 11/70 (15.7) 13/42 (31.0) .057
Levofloxacin 9/70 (12.9) 21/43 (48.8) <.001
Cefatriaxone 2/70 (2.9) 35/43 (81.4) <.001

ESBL-EC = ESBLs producing £ coli, SMZ-TMP = sulfamethoxazole and trimethoprim.

multivariate logistic regression analysis using stepwise selection.
SPSS (version 22.0) was used for all analyses.

3. Result

3.1. Patient information, incidence, and cause
of E coli BSI

A total of 5223 samples from the cases with suspected bacteremia
were analyzed in our study. In total, 553 microorganisms were
isolated and E coli was the most common species, accounting for
184 episodes (33.3%). A total of 168 episodes of E coli
bacteremia occurred in 157 patients were analyzed, including 8
(5.1%) patients with 2 episodes of bacteremia and 1 (0.6 %) with
4 episodes. Sixteen episodes were excluded because of non-
hematological diseases. The median age of the final cohort was 39
years old with an equal gender distribution (51% female).
Among the 157 patients, 77 patients (49.0%) had acute
myelogenous leukemia (AML), 43 (27.4%) had acute lympho-
cytic leukemia (ALL), 12 (7.6%) had aplastic anemia (AA), 8
(5.1%) had multiple myeloma (MM), 6 (3.8%) had myelodys-
plastic syndrome (MDS), and 11 (7%) suffered from other
hematological diseases. The recurrent bacteremia was observed
in 9 patients (5.7%) with acute leukemia (AL), including 7 with
AML and 2 with ALL. Among the total of 168 episodes, 137
(81.5%) were associated with chemotherapy, 7 (4.2%) occurred
after hematopoietic stem cell transplantation, 135 (80.4%) were
obtained at a state of neutropenia, and 53 (31.5%) were detected
in the patients with glucocorticoid/immunosuppressive agents
treatment 30 days prior to bacteremia onset. Of the total 168
episodes, 89 (53.0%) episodes were complicated by pneumonia.
The 30-day mortality was noted in 34 cases (21.7%). In our
study, antibiotic prophylaxis was not administered to any
patient.

3.2. ESBL and in vitro antimicrobial susceptibility analysis

Of the 168 E coli isolates, 113 episodes (67.3%,2013.4-2015.7)
were detected for the production of ESBLs, and ESBL-producing
E coli accounted for 61.9% (70). Additionally, antimicrobial
susceptibility profiles for 166 isolates were available. Among
these isolates, 142 (85.6%) were MDR, and 4 (2.4 %) were XDR.
No PDR isolates were found. However, 10 (6.0%) isolates
resistant to carbapenems were detected during the study period.
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Among the 20 E coli strains isolated from recurrent patients,
77.8% (14/18) were ESBL-EC, 75% (15/20) were MDR, and
10% (2/20) were XDR. Bacteremia episodes due to polymicro-
bial strains were found in 8 patients, including 5 with AML, 2
with ALL, and 1 with MDS-RAEB1, accompanied by Klebiella
pneumonia in 2 cases, and Aeromonashydrophila, Staphylococ-
cus aureus, Pseudomonas aeruginosa, Stenotrophomonasmalto-
philia, Salmonella Dublin, and Aermonas Veronnibiovarsobria
in 1 case, respectively.

The top 5 E coli-resistant antibiotics in our study were
ampicillin (91.6%), sulfamethoxazole and trimethoprim (SMZ-
TMP) (80.6%), ampicillin/sulbactam (79.5%), ciprofloxacin
(74.1%), and levofloxacin (73.5%). Carbapenems exhibited
highest in vitro activity against E coli strains (94.0%), followed
by amikacin (92.0%) and piperacillin/tazobatam (80.6%). As
shown in Table 1, compared to ESBL-EC, non ESBL-EC showed
higher susceptibility to cefepime, cefazidime, cefatrixone, and
aztreonam. Despite the significant differences, both ESBL-EC and
non-ESBL-EC showed lower susceptibility to levofloxacin
and gentamicin.

3.3. In vitro co-resistance pattern of antimicrobial
susceptibility

Further analysis of the co-resistance pattern of antimicrobial
susceptibility revealed that cephalosporins, levofloxacin, aztreo-
nam, and SMZ-TMP had higher co-resistance rates than other
antibiotics. In contrast, amikacin and imipenem exhibited lower
co-resistance rates (Table 2). Strains resistant to piperacillin/
tazobatam, cefoperazone/sulbactam still remained sensitivity to
amikacin and imipenem. Ten (6.0%) isolates resistant to
carbapenems, including 6 resistant to both imipenem and
ertapenem, 1 resistant to ertapenem only, and 3 resistant to
imipenem without information of ertapenem, only exhibited
good sensitivity to tigecycline and polymyxin (100%, data not
shown) followed by amikacin (60%).

3.4. Clinical features of E coli bacteremia

In the detected episodes, ESBL-producing E coli was the
predominant species (61.9%), and the clinical features of
ESBL-EC and non-ESBL-EC bacteremia were analyzed. As
shown in Table 3, nearly all ESBL-ECs were MDR strains.
More patients with ESBL-EC bacteremia were exposed to
antimicrobial agents within 30 days prior to the onset of
bacteremia (75.5% vs 46.5%, respectively; P=.002). Fluoro-
quinolone were most frequently used in the ESBL-EC group
(41.4% vs 20.9%, P=.025), followed by carbapenem (34.3% vs
9.3%, P=.003). As for the appropriate initial antibiotics, no
significant difference between these 2 groups was found.
Although ESBL-EC was associated with higher incidence of
septic shock (17.1% vs 9.3%, P=.246) and 30-day mortality
(21.4% vs 13.9%, P=.321), the differences were not statistically
significant.

Clinical features of patients with neutropenia are presented in
Table 3. Neutropenic patients were younger (36.3 +14.6 vs 50.4
+16.2, P <.001) and neutropenia was more prone to occur in AL
patients. More importantly, an MDR phenotype occurred in
88.1% of neutropenic patients, which was significantly higher
than that in non-neutropenic patients (69.7%, P=.009). More
antibiotics were given to patients with neutropenia 30-day prior
to the bloodstream infection onset (66.7% vs 45.5%, P=.024),
in which fluoroquinolone were most frequently used (36.3% vs
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regional differences (range 31-92%).127° In our study, 85.6%
stains isolated were MDR and 2.4% were XDR. Regarding
ESBL-EC, nearly all (98.6%) were MDR. The increase in MDR E
coli is known to be associated with hematological malignancy,
prior admission to the hospital, previous chemotherapy, and
antibiotic consumption.*®! 85.3% patients in our study were
diagnosed as hematological neoplasms and needed frequent
hospitalization, chemotherapy, and antibiotic treatment, which
may contribute to the high MDR rates.

Recently, a study on susceptibilities of ESBL-EC isolates
causing bacteremia in South Korea reported that more than 80%
of ESBL-EC were non-susceptible in vitro to ampicillin,
ampicillin-sulbactam, ticarcillin-clavulanic acid, cefotaxime,
and aztreonam, 32.6% and 11.7% strains were resistant to
piperacillin-tazobactam and amikacin, respectively, whereas
carbapenem had the lowest resistant rates (1.7-5.2%).51 We
presented the similar results that carbapenems and amikacin were
the 2 most effective drugs to both ESBL-EC (95.7% and 91.4%,
respectively) and non-ESBL-EC (88.4% and 93.0%, respective-
ly), followed by piperacillin/tazobatam (77.1% for ESBL-EC and
86.0% for non-ESBL-EC). Although cefepime, aztreonam, and
levofloxacin remained sensitivities to non-ESBL-EC, the sensitiv-
ities to ESBL-EC were significantly lower. Carbapenems, which
are generally considered as the most reliable therapeutic agents in
severe infections, was the treatment choice for 67.3% episodes in
our study. However, with the widespread use in clinical,
resistance to carbapenems is also emerging *?! and 6%
carbapenems resistant strains were found over the study period.
Therefore, alternatives to the carbapenems should be considered
for empirical treatment of suspected E coli sepsis whenever
possible.*" Fortunately, comparable to carbapenems, amikacins
showed the relatively high in vitro activity to E coli (91.4% for
ESBL-EC and 93.0% for non-ESBL-EC). More importantly, in
co-resistance evaluation, amikacin exhibited relatively lower co-
resistance rates to cefepime, piperacillin/tazobatam, cefopera-
zone/sulbactam, levofloxaci, and aztreonam. Moreover, except
for 100% sensitivity to tigecycline, strains resistant to imipenem
remained 60% sensitivity to amikacin. These results are
consistent with the previous studies,331331 suggesting that
amikacin would be the effective and economical choice of
antibiotics for hematological patients to increase the range of
antimicrobial coverage against ESBL-EC. For the infections
caused by Gram-negative bacteria, antimicrobial synergy has
traditionally been seen with B-lactam and aminoglycoside
combination therapy. Our results of antimicrobial susceptibility
and co-resistance testing indicated that the combination of
aminoglycoside with piperacillin/tazobatam may be an addition-
al alternative of empirical antibiotic therapy. This combination
therapy could also be used as one of the carbapenem-saving
strategies in settings with a high prevalence of ESBL-producing
pathogens. But for carbapenem resistant E coli, combining
tigecycline with an aminoglycoside will serve as the last-resort
drugs for seriously infected patients.

As mentioned above, 98.6% pathogens were MDR stains in
the ESBL-EC group, which is considered to be related to the high
percentage of previous antimicrobial therapy (75.7% vs 46.5%,
P=.002). Heavy antibiotic use is a risk factor for acquisition of
an ESBL-producing organism.**! Several studies reported that
previous use of quinolones was associated with subsequent
infections caused by ESBL-producing organisms.*=7! In
addition to fluoroquinolone, carbapenem was another frequently
used agent for ESBL-EC. Although it has been reported in several
studies that patient with an ESBL-EC bacteremia have 4 times
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greater overall mortality compared with non-ESBL-producing
isolates, #3839 the effect of ESBL-EC bacteremia on mortality is
still controversial."**%371 Some studies have shown that
mortality is associated with inappropriate antimicrobial therapy,
irrespective of ESBL production, whereas others have reported
that the increased mortality is due to ESBL.?371 Olson et al’s!**!
study, in which 58.5% patients were diagnosed as hematological
malignancies, showed that the presence of ESBL-EC bacteremia
was not associated with day 30 mortality (30% vs 27%; P=. 82).
Consistently, we found that although the 30-day mortality is
higher in the ESBL-EC group (21.4% vs 13.9%), the difference
was not statistically significant (P=.321). Contrary to the
previous data that appropriate empirical therapy was signifi-
cantly less frequent for infections caused by ESBL-producing
strains,’®”! appropriate empirical treatment was given nearly
equally in ESBL-EC and non-ESBL-EC patients (77.1% vs
79.0%; P=.811), which probably is the main factor that
diminished the difference in mortality between ESBL and non-
ESBL groups.

Hematological patients with neutropenia have the high risk for
bacteremia and may present with severe sepsis and a poor
outcome.?>*% 80.4% patients were neutropenic in the present
study and most of them were younger with diagnosis of acute
leukemia (Table 3). The neutropenia in these patients was caused
by stronger chemotherapy regimen and more intensive chemo-
therapy courses. The percentage of MDR strains detected in
neutropenic patients is significantly higher (88.1% vs 69.7%,
P=.009) which may be related to the fact that more neutropenic
patients received previous antimicrobial therapy (67.7% vs
45.5%, P=.024), especially fluoroquinolone (36.3% vs 9.1%,
P=.002), a well-known risk factor for development of
resistance.”! A relationship between infection with resistant
bacteria and poor outcome has been reported in several settings,
mainly due to a delay in the initiation of an appropriate antibiotic
therapy.*%*!1 Our results showed a similar mortality rate in
patients with or without neutropenia (20.7% vs 18.2%,
P=.743%). The loss of negative effect of neutropenia on
mortality in our study may be due to the treatment of appropriate
initial antibiotics to most patients (79.3% vs 66.7%, P=.125),
which gives survival benefit in immunocompromised patients.

Septic shock occurred in 15.5% patients in the present study. In
a previous study consisting of a large proportion of young
patients with hematological malignancies,**'E coli and poly-
microbial bacteremia were found to be associated with septic
shock (P=.01). Similar to the result, our result of multivariate
analysis revealed that induction chemotherapy and polymicro-
bial bacteremia were risk factors for septic shock in E coli
Bacteremia. Septic shock is still a major cause of mortality in
patients with hematologic diseases. Consistent with other
studies,®”**™* patients with septic shock had significantly
higher 30-day mortality (84.6% vs 8.5%, P<.001) in spite of the
fact that 81.0% patients were treated with appropriate empirical
antibiotics. Further multivariate analysis showed that male and
septic shock were the independent risk factors for death (OR
2.223; 95% CI 1.132-12.022; P <.01, OR 52.359; 95% CI
19.951-292.690; P=.030, respectively). In addition, it should be
noted that bacteremic E coli had a high diversity of genetic
backgrounds and virulence factor (VF) gene profiles.*>! Thus, the
prognosis of E coli bacteremia is not only associated with host
factors, but also related to pathogen features.*>! Mora-Rillo
et al*! found that one of the VF genes, fyuA, increased the risk of
mortality, while any combination of genes encoding for P
fimbriae components had a protective role. The influence of VF
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genes on mortality of E coli bacteremia in hematological patients
needs further exploration.

Several limitations remain in this study. First, our analysis was
retrospective and confined to a single hematology center, so the
results are not necessarily applicable to other settings. Second,
molecular epidemiology, for both ESBL producing and carba-
penem resistant E coli as well as VF gene profiles of E coli, was
not analyzed. Third, the clinical features and risk factors for
polymicrobial, recurrent bacteremia, and carbapenem-resistant E
coli bacteremia were not assessed due to the limited sample size
during the study period.

In conclusion, this study shows that E coli is the most common
pathogen responsible for bloodstream infection in hematology
department. Unfortunately, most of E coli detected are ESBL-
producing and MDR strains with emergence of XDR and
carbapenem-resistant isolates, resulting in fewer treatment
options and difficult empiric therapy. Based on our results, in
settings with a high prevalence of ESBL-producing E coli,
combination aminoglycoside antimicrobial therapy, especially
amikacin, should be considered as an empirical therapy to reduce
the risk of further development of carbapenem resistance.
Combining tigecycline with an aminoglycoside will serve as
the most effective drug for carbapenem resistant E coli. In
addition, more attention should be paid to the patients with signs
of septic shock, which significantly increased mortality. Thus, our
findings provide significant information about the microbiolog-
ical, clinical characteristics and risk factors for septic shock and
death of E coli bacteremia, which are vital for clinical
management of such kind of patients.

References

[1] Trecarichi EM, Pagano L, Candoni A, et al. Current epidemiology and
antimicrobial resistance data for bacterial bloodstream infections in
patients with hematologic malignancies: an Italian multicentre prospec-
tive survey. Clin Microbiol Infect 2015;21:337-43.

[2] Montassier E, Batard E, Gastinne T, et al. Recent changes in bacteremia
in patients with cancer: a systematic review of epidemiology and
antibiotic resistance. Eur J Clin Microbiol Infect Dis 2013;32:841-50.

[3] Wang L, Wang Y, Fan X, et al. Prevalence of resistant Gram-Negative
bacilli in bloodstream infection in febrile neutropenia patients undergo-
ing hematopoietic stem cell transplantation: a single center retrospective
cohort study. Medicine (Baltimore) 2015;94:e1931.

[4] Cantén R, Coque TM. The CTX-M beta-lactamase pandemic. Curr
Opin Microbiol 2006;9:466-75.

[5] Pitout JD, Laupland KB. Extended-spectrum beta-lactamase-producing
Enterobacteriaceae: an emerging public-health concern. Lancet Infect Dis
2008;8:159-66.

[6] Rodriguez-Créixems M1, Alcala L, Mufoz P, et al. Bloodstream
infections: evolution and trends in the microbiology workload, incidence,
and etiology, 1985-2006. Medicine (Baltimore) 2008;87:234-49.

[7] Denis B, Lafaurie M, Donay JL, etal. Prevalence, risk factors,and impact on
clinical outcome of extended-spectrum beta-lactamase-producing Escher-
ichia coli bacteraemia: a five-year study. Int J Infect Dis 2015;39:1-6.

[8] Melzer M, Petersen L. Mortality following bacteraemic infection caused
by extended spectrum beta-lactamase (ESBL) producing E. coli
compared to non-ESBL producing E. coli. ] Infect 2007;55:254-9.

[9] Trecarichi EM, Tumbarello M, Spanu T, et al. Incidence and clinical

impact of extended-spectrum-beta-lactamase (ESBL) production and

fluoroquinolone resistance in bloodstream infections caused by Escher-
ichia coli in patients with hematological malignancies. ] Infect
2009;58:299-307.

Cornejo-Juarez P, Pérez-Jiménez C, Silva-Sanchez J, et al. Molecular

analysis and risk factors for Escherichia coli producing extended-

spectrum B-lactamase bloodstream infection in hematological malignan-
cies. PLoS One 2012;7:¢35780.

Ha YE, Kang CI, Cha MK, et al. Epidemiology and clinical outcomes of

bloodstream infections caused by extended-spectrum @-lactamase-

producing Escherichia coli in patients with cancer. Int J Antimicrob

Agents 2013;42:403-9.

[10

[11

Medicine

[12] Kang CIL, Kim SH, Park WB, et al. Bloodstream infections caused by
antibiotic-resistant gram-negative bacilli: risk factors for mortality and
impact of inappropriate initial antimicrobial therapy on outcome.
Antimicrob Agents Chemother 2005;49:760-6.

[13] Arnan M, Gudiol C, Calatayud L, et al. Risk factors for, and clinical
relevance of, faecal extended-spectrum (-lactamase producing
Escherichia coli (ESBL-EC) carriage in neutropenic patients with
haematological malignancies. Eur ] ClinMicrobiol Infect Dis
2011;30:355-60.

[14] Kang CI, Chung DR, Ko KS, et al. Risk factors for infection and
treatment outcome of extended-spectrum B-lactamase-producing
Escherichia coli and Klebsiella pneumoniae bacteremia in patients with
hematologic malignancy. Ann Hematol 2012;91:115-21.

[15] Cockerill FR. Performance Standards for Antimicrobial Susceptibility
Testing: Twentieth Informational Supplement. 2010;Clinical and
Laboratory Standards Institute,

[16] Garner JS, Jarvis WR, Emori TG, et al. CDC definitions for nosocomial
infections. Am J Infect Control 1988;16:128-40.

[17] Ku NS, Kim YC, Kim MH, et al. Risk factors for 28-day mortality in
elderly patients with extended-spectrum (-lactamase (ESBL)-producing
Escherichia coli and Klebsiella pneumoniae bacteremia. Arch Gerontol
Geriatr 2014;58:105-9.

[18] Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: an interna-
tional expert proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect 2012;18:268-81.

[19] Olson D, Yacoub AT, Gjini AD, et al. Escherichia coli: an important
pathogen in patients with hematologic malignancies. Mediterr ] Hematol
Infect Dis 2014;6:€2014068.

[20] Lin MY, Weinstein RA, Hota B. Delay of active antimicrobial therapy
and mortality among patients with bacteremia: impact of severe
neutropenia. Antimicrob Agents Chemother 2008;52:3188-94.

[21] Henao-Martinez AF, Gonzélez-Fontal GR, Castillo-MancillaJR YanglV.
Enterobacteriaceae bacteremias among cancer patients: an observational
cohort study. Int J Infect Dis 2013;17:¢374-8.

[22] Tumbarello M, Spanu T, Caira M, et al. Factors associated with
mortality in bacteremic patients with hematologic malignancies. Diagn
Microbiol Infect Dis 2009;64:320-6.

[23] Kang CI, Kim SH, Park WB, et al. Bloodstream infections due to
extended-spectrum  beta-lactamase-producing Escherichia coli and
Klebsiella pneumoniae: risk factors for mortality and treatment outcome,
with special emphasis on antimicrobial therapy. Antimicrob Agents
Chemother 2004;48:4574-81.

[24] Gudiol C, Tubau F, Calatayud L, et al. Bacteremia due to multidrug-
resistant Gram-negative bacilliin cancer patients: risk factors, antibiotic
therapy and outcomes. J Antimicrob Chemother 2011;66:657-63.

[25] Vigil K], Adachi JA, Aboufaycal H, et al. Multidrug-resistant
Escherichia coli bacteremia in cancer patients. Am ] Infect Control
2009;37:741-5.

[26] Serefhanoglu K, Turan H, Timurkaynak FE, et al. Bloodstream infections
caused by ESBL-producing E. coli and K. pneumoniae: risk factors for
multidrug-resistance. Braz J Infect Dis 2009;13:403-7.

[27] Ansari S, Nepal HP, Gautam R, et al. Community acquired multi-drug
resistant clinical isolates of Escherichia coli in a tertiary care center of
Nepal. Antimicrob Resist Infect Control 2015;4:15.

[28] Sharma AR, Bhatta DR, Shrestha ], et al. Antimicrobial susceptibility
pattern of Escherichia coli isolated from uninary tract infected patients
attending Bir hospital. Nepal J Sci Technol 2013;14:177-84.

[29] Gudiol C, Calatayud L, Garcia-Vidal C, et al. Bacteremia due to extended
spectrum beta-lactamase-producing Escherichia coli (ESBL-EC) in
cancer patients: clinical features, risk factors, molecular epidemiology
and outcome. ] Antimicrob Chemother 2010;65:333-41.

[30] Cha MK, Kang CI, Kim SH, et al. In vitro activities of 21 antimicrobial
agents alone and in combination with aminoglycosides or fluoroquino-
lones against ESBL-producing Escherichia coli isolates causing bacter-
emia. Antimicrob Agents Chemother 2015;59:5834-7.

[31] Kang CI, Park SY, Chung DR, et al. Piperacillin-tazobactamas an initial
empirical therapy of bacteremia caused by extended-spectrum beta-
lactamase-producing Escherichia coli and Klebsiella pneumoniae. |
Infect 2012;64:533-4.

[32] Chemaly RF1, Hanmod SS, Jiang Y, et al. Tigecycline use in cancer
patients with serious infections: a report on 110 cases from a single
institution. Medicine (Baltimore) 2009;88:211-20.

[33] Nguyen ML, Toye B, Kanji S, et al. Risk factors for and outcomes of
bacteremia caused by extended-spectrum B-lactamase-producing Escher-
ichia coli and Klebsiella species at a Canadian Tertiary Care Hospital.
Can ] Hosp Pharm 2015;68:136-43.



Ma et al. Medicine (2017) 96:21

[34] Wu UL Yang CS, Chen WC, et al. Risk factors for bloodstream infections
due to extended-spectrum B-lactamase-producing Escherichia coli. ]
Microbiollmmunol Infect 2010;43:310-6.

[35] Rodriguez-Bafio J,Navarro MD, Romero L, et al. Risk-factors for emerging
bloodstream infections caused by extended-spectrum beta-lactamase-
producing Escherichia coli. Clin Microbiol Infect 2008;14:180-3.

[36] Ortega M, Marco F, Soriano A, et al. Analysis of 4758 Escherichia coli
bacteremia episodes predictive factors for isolation of an antibiotic-
resistant strain and their impact on the outcome. ] Antimicrob
Chemother 2009;63:568-74.

[37] Chen CY, Tsay W, Tang JL, et al. Epidemiology of bloodstream
infections in patients with haematological malignancies with and without
neutropenia. Epidemiol Infect 2010;138:1044-51.

[38] Wang FD, Lin ML, Liu CY. Bacteremia in patients with hematological
malignancies. Chemotherapy 2005;51:147-53.

[39] Kaye KS, Pogue JM. Infections caused by resistant gram-negative bacteria:
epidemiology and management. Pharmacotherapy 2015;35:949-62.

[40] Marin M, Gudiol C, Ardanuy C, et al. Bloodstream infections in
neutropenic patients with cancer: differences between patients with

www.md-journal.com

haematological malignancies and solid tumours. ] Infect 2014;69:
417-23.

[41] Pefia C, Gudiol C, Calatayud L, et al. Infections due to Escherichia coli
producing extended-spectrum beta-lactamase among hospitalized
patients: factors influencing mortality. ] Hosp Infect 2008;68:116-22.

[42] Mazzone A, Dentali F, La Regina M, et al. Clinical features, short-term
mortality, and prognostic risk factors of septic patients admitted to
internal medicine units: results of an Italian multicenter prospective
study. Medicine (Baltimore) 2016;95:¢2124.

[43] Kwon JC, Kim SH, Choi JK, et al. Epidemiology and clinical features of
bloodstream infections in hematology wards: one year experience at the
catholic blood and marrow transplantation center. Infect Chemother
2013;45:51-61.

[44] Sancho S, Artero A, Zaragoza R, et al. Impact of nosocomial
polymicrobial bloodstream infections on the outcome in critically ill
patients. Eur J Clin Microbiol Infect Dis 2012;31:1791-6.

[45] Mora-Rillo M, Fernandez-Romero N, Francisco CN, et al. Impact of
virulence genes on sepsis severity and survival in Escherichia coli
bacteremia. Virulence 2015;6:93-100.


http://www.md-journal.com

	Antimicrobial resistance patterns, clinical features, and risk factors for septic shock and death of nosocomial E coli bacteremia in adult patients with hematological disease
	1 Introduction
	2 Materials and methods
	2.1 Study design and patients
	2.2 Bacteriology and antimicrobial susceptibility testing
	2.3 Definitions
	2.4 Statistical analysis

	3 Result
	3.1 Patient information, incidence, and cause of E coli BSI
	3.2 ESBL and in vitro antimicrobial susceptibility analysis
	3.3 In vitro co-resistance pattern of antimicrobial susceptibility
	3.4 Clinical features of E coli bacteremia
	3.5 Initial antibiotics treatment
	3.6 Risk factors for septic shock and death

	4 Discussion
	References


