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Abstract

Objective: To analyse the antimicrobial susceptibility patterns of Escherichia coli bacteraemia among cancer
patients, and to assess the risk factors and outcomes of multidrug-resistant Escherichia coli bacteraemia.
Methods: The retrospective study was conducted at Shaukat Khanum Memorial Cancer Hospital and Research
Centre, Lahore, and comprised medical records of patients with Escherichia coli bacteraemia presenting between
December 2012 and November 2013. Multivariable logistic regression analyses were used to determine the factors
associated with the development and 30-day mortality of multidrug-resistant Escherichia coli bacteraemia.
Results: Out of 1603 episodes of bacteraemia, 227(35.6%) were caused by E.coli, of which 98(43.2%) were
multidrug-resistant. In multivariable analysis, age less than 18 years (adjusted odds ratio 3.92; 95% confidence
interval 1.43-10.68), presence of central venous catheter (adjusted odds ratio 2.12; 95% confidence interval 1.04-
4.33) and exposure to piperacillin/tazobactam within 90 days prior to infection (adjusted odds ratio 2.37; 95%
confidence interval 1.15-4.86) were identified as independent risk factors for acquisition of multidrug-resistant
Escherichia coli bacteraemia. The overall 30 day mortality rate was 35.2% (80/227). Risk factors for mortality were
intensive care unit admission (adjusted odds ratio 3.95; 95% confidence interval 1.79-8.71) and profound
neutropenia (adjusted odds ratio 4.03; 95% confidence interval 1.55-10.49).

Conclusion: Bloodstream infections with multidrug-resistant Escherichia coli were common in cancer patients.

However it was not a predictor of mortality.
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Introduction

Although there have been significant improvements in
prevention and treatment of infectious complications in
cancer patients, bloodstream infections are still a major
cause of mortality and morbidity in these cases. Use of
broad-spectrum antibiotics to treat such infections has
contributed towards the emergence of multidrug-
resistant (MDR) gram-positive and gram-negative
organisms.! Recent studies have reported re-emergence
of gram-negative infections as the predominant source
of bacteraemia in cancer patients.2 Escherichia coli
(E.coli) is the most frequent gram-negative organism
isolated from cancer patients with significant number of
cases resulting from extended spectrum beta lactamase
(ESBL)-producing strains. Increased resistance to
trimethoprim/sulfamethoxazole, amoxicillin/clavulanic
acid, quinolones and cefepime has been reported. No
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significant resistance has been observed against
carbapenems in this subgroup of patients.34 There has
also been a recent dramatic increase in the detection rate
of MDR gram-negative bacteraemia.5 These infections are
associated with poor clinical outcomes, and, among
cancer patients, can cause delays in administration of
chemotherapeutic agents leading to longer hospital
stays, suboptimal treatment, higher mortality rates and
increased healthcare costs.® Factors that have been
identified to be associated with MDR bacteraemia
include liver disease, use of immunosuppressant drugs,
recent surgery and prior use of cephalosporins and
quinolones.”

Limited data from Pakistan has also shown E.coli to be the
most commonly isolated gram-negative organismé&?2 with
high levels of significant resistance to ceftriaxone,
quinolones and piperacillin/tazobactam.’®© A previous
study at our institution reported E.coli to be the most
common gram-negative organism among post-
chemotherapy febrile neutropenic patients, with
susceptibility to imipenem, amikacin and piperacillin/
tazobactam, and resistance to quinolones and third-
generation cephalosporins.’ However, data about the
prevalence of MDRE Colibacteraemia among cancer
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patients is scarce. The current study was planned to
analyse the anti-microbial susceptibility patterns of E.coli
bacteraemia among cancer patients, and to assess the risk
factors and outcomes of MDR E.coli bacteraemia.

Materials and Methods

The retrospective study was conducted at Shaukat
Khanum Memorial Cancer Hospital and Research Centre,
Lahore, Pakistan.

After approval by the institutional review board, the in-
house information system database was used to identify
all cancer patients with E.coli bacteraemia during the 12
months from December 2012 to November 2013. The
medical records were reviewed to collect data regarding
patient's age, gender, type of cancer, history of cancer
treatment, blood culture results with anti-microbial
susceptibilities, absolute neutrophil count (ANC), history
of prior antibiotic use within 90 days, and mortality within
30 days of index E.coli bacteraemia. During the study
period all blood cultures had processed by the BACTEC
9240 system (Becton Dickinson), with an incubation
period of 7 days. Isolates were identified by standard
techniques'? and anti-microbial susceptibility testing was
performed and interpreted according to Clinical
Laboratory Standards Institute (CLSI) criteria using the
disk diffusion methodology.'3

Source of bacteraemia was determined either by isolation
of E.coli from different specimens (urine, sputum, tracheal
aspirate, wound) or was based on the treating physician's
clinical evaluation. The date of the first positive culture
was regarded as the date of onset of infection. Empiric
antibiotic was considered appropriate if it was in vitro
active against E.coli. MDR E.coli was defined as isolate
resistant to three or more classes of anti-microbial agents,
including  fluoroquinolones,  third-  generation
cephalosporins, anti-pseudomonal penicillins + beta-
lactamase inhibitors, and carbapenems.’4 Neutropenia
was defined as ANC of less than 500 cells/mm3 and
profound neutropenia as ANC of less than 100 cells/mm3
at the onset of bacteraemia.’s

The clinical data extracted using a structured
questionnaire was analysed using statistical software
Stata version 11.0 (College Station, Texas, US). Standard
descriptive summary statistics were used to characterise
the sample. Associations between categorical variables
were evaluated using Chi Square test or Fisher's exact test,
as appropriate. All tests were 2-sided, with a type 1 error
level of 0.05. Multivariable logistic regression (MLR)
analyses were used to test the association with outcomes
identified a priori.
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Results

A total of 1603 episodes of bacteraemia were identified,
with gram-negative bacteria being the cause of infection
in 636(39.6%). Out of them, 227(35.6%) were caused by
E.coli, of which 98(43.2%) were MDR E.coli.

Baseline characteristics of these 227 episodes showed
that 171(75%) happened in patients 18 years or older,
135(59.5%) with solid organ malignancy, 174(76.7%)
hospitalised within 30 days prior to infection, 145(63.9%)
receiving chemotherapy within 30 days prior to infection,
and 104(45.8%) with profound neutropenia (Table-1).

Intra-abdominal infections, including neutropenic colitis
and hepatobiliary infections, were the most common
sources of E.coli bacteraemia 83 (36.6%) followed by
urinary tract (UTI) infections 49 (21.6%). In 48(21.1%)
patients, no source of bacteraemia could be identified.
Overall, 218(96%) isolates were susceptible to amikacin,
followed by 168(74%) to chloramphenicol, and resistant
to penicillins and 2nd and 3rd generation cephalosporins.
Piperacillin/tazobactam was the most common empiric
antibiotic prescribed in 132(60%)patients, and initial

Table-1: Baseline characteristics.

Characteristic N (%)
Age (years)

Less than 18 56 (24.7)
18 and above 171(75.3)
Gender

Male 148(65.2)
Female 79 (34.8)
Type of malignancy

Haematological 92 (40.5)
Solid organ 135 (59.5)
Hospitalisation within 30 days prior to infection

Yes 174(76.7)
No 53(23.3)
Admission to intensive care unit

Yes 39(17.2)
No 188 (82.8)
Central venous catheter placed

Yes 67 (29.5)
No 160 (70.5)
Treatment received within 30 days prior to infection

Chemotherapy 145 (63.9)
Surgery 28(123)
Radiation 15 (6.6)
Absolute neutrophil count

Less than 100 104 (45.8)
100-500 4(1.8)
501-1900 10 (4.4)
1901-8000 48(21.1)
More than 8000 61(26.9)
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Table-2: Antimicrobial susceptibilities.
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Table-4: Adjusted association of risk factors with mortality within 30 days of index
E.coli bacteraemia using multiple logistic regression.

Antibiotics to which E. coli was susceptible N (%)

Risk factor Adjusted OR (95%Cl) p value
Amikacin 218(96.0)
Ampicillin 8(3.5) Male gender 1.26 (0.58-2.72) 0.56
Cefixime 45(19.8) Age less than 18 years 2.04(0.90-4.61) 0.09
Ceftriaxone 45(19.8) Haematological malignancy 0.94(0.41-2.11) 0.88
Cefuroxime 47(20.7) Hospitalisation within 30 days prior to infection 0.77 (0.34-1.74) 0.54
Chloramphenicol 168 (74.0) Admission to intensive care unit 3.95(1.79-8.71) <0.01
Ciprofloxacin 49(21.6) Previous chemotherapy within 30 days 0.30(0.11-0.80) 0.02
Coamoxiclav 18(7.9) Previous surgery within 30 days 0.53(0.17-1.59) 0.26
Colistin 9 (not checked in all Previous radiation within 30 days 2.53(0.78-8.17) 0.12
strains) ANC less than 100 cells/mm? 4.03 (1.55-10.49) <0.01
Cotrimoxazole 41(18.1) Charlson score 1.11(0.94-1.32) 0.19
Gentamicin 118 (52.0) MDR E.coli 1.85 (0.89-3.86) 0.10
Imipenem 211(93.0) Inappropriate empiric antibiotic therapy 1.44(0.72-2.87) 0.30
Meropenem 211(93.0) MDR: Multidrug resistant
Piperacillin/Tazobactam 128 (56.4) OR: 0dds ratio
Tetracycline 36 (15.9) (I: Confidence interval

empiric antibiotic was appropriate in 128(56.4%).

In multivariable analyses, three variables were identified
as significant risk factors for bacteraemia by MDR E.coli:
age less than 18 years (adjusted odds ratio [AOR] 3.92;
95% confidence interval [Cl] 1.43-10.68), presence of
central venous catheter (AOR 2.12; 95% Cl 1.04-4.33), and
exposure to piperacillin/tazobactam within 90 days prior
to infection (AOR 2.37; 95% Cl 1.15-4.86) (Table-3).

In 98 patients with MDR E.coli bacteraemia, 44(44.9%)

ANC: Absolute neutrophil count.

episodes resulted in death within 30 days of infection
compared to 36(27.9%) episodes of death in patients with
non-MDR bacteraemia. Risk factors for 30-days mortality
were noted (Table-4). Multivariable analyses revealed two
independent risk factors for mortality: intensive care unit
(ICU) admission (AOR 3.95; 95% Cl| 1.79-8.71) and
profound neutropenia (AOR 4.03; 95% Cl 1.55-10.49).
Having received chemotherapy 30 days prior to infection

Table-3: Comparison of risk factors for multidrug resistant (MDR) E.coli bacteraemia and the adjusted association of factors with development of MDRE.coli bacteraemia using multiple

logistic regressions.

Characteristic Non-MDR E.coli MDR E.coli p  Adjusted OR for MDR E. coli bacteraemia P
N=129 n (%) N=98 n (%) (95%(C1)

Male gender 75 (58.1) 73 (74.5) 0.01 1.05 (0.50-2.20) 0.88
Age less than 18 years 6.2 (5.6) 6.5(5.2) <0.01 3.92(1.43-10.68) <0.01
Haematological malignancy 35(27.1) 57 (58.1) <0.01 1.54(0.74-3.23) 0.25
Hospitalization within 30 days prior to infection 92 (71.3) 82(83.7) 0.04 0.59 (0.25-1.43) 0.25
ICU admission 16 (12.4) 23(23.5) 0.03 1.58 (0.67-3.74) 0.29
Charlson score 0.89 (0.74-1.08) 0.26
Central venous catheter use 27 (20.9) 40 (40.8) <0.01 2.12(1.04-4.33) 0.04
Previous chemotherapy within 30 days 69 (53.5) 76 (77.5) <0.01 1.15(0.45-2.91) 0.76
Previous surgery within 30 days 22 (17) 6(6.1) 0.01 0.32(0.11-9.1) 0.03
Previous radiation within 30 days 10(7.7) 5(5.1) 0.59 0.99 (0.17-5.54) 0.97
ANC less than 100 cells/mm3 <0.01 0.95 (0.44-2.08) 0.90
Use of quinolones within 90 days of index sampling 55(61.1) 35(38.9) 0.34 1.04 (0.50-2.18) 0.13
Use of third generation cephalosporins within 90 days of index sampling 29 (47.5) 32(52.5) 0.10 1.50(0.70-3.21) 0.29
Use of Piperacilin/Tazobactamwithin 90 days of index sampling 52(423) 71(57.7) <0.01 2.37 (1.15-4.86) 0.02
Use of carbapenems within 90 days of index sampling 20 (40) 30(60) <0.01 1.47 (0.68-3.15) 0.31

OR: Odds ratio

(l: Confidence interval

ICU: Intensive care unit

ANC: Absolute neutrophil count.
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had a significant protective effect (AOR 0.3; 95% Cl 0.11-
0.80).

Discussion

In this study of bloodstream infections due to E.coli in
cancer patients, 43.2% episodes of bacteraemia were
caused by MDR E.coli. It is difficult to compare the results
with previously published data because very few studies
in literature have focused exclusively on MDR E.coli
bacteraemia in cancer patients. Most of the available
data discusses extended-spectrum beta-lactamase
(ESBL)-producing E.coli.4#? Moreover, there is no
standardised definition for MDR organisms and variable
definitions have been used in various studies.'41617 One
study described bacteraemia due to MDR gram-negative
bacilli in cancer patients and found the incidence to
be13.7% and out of these 49% episodes were due to
MDR E.coli.

About 58% patients with MDR E.coli bacteraemia in our
study had underlying haematological malignancies. This
is similar to results of previously published studies.16.17
This highlights the possibility that patients with
haematological malignancies receive more aggressive
chemotherapies resulting in a profound immune-
compromised state which may make them more prone to
infections with resistant organisms.

The rates of resistance of E.coli to third-generation
cephalosporins have risen substantially. Similarly,
increasing resistance to fluoroquinolones has been
reported in several studies.#78 In our study the
resistance to cephalosporins and quinolones was
considerably higher compared to the previously
published literature. A significant number of patients
(40%) were exposed to ciprofloxacin in the 90 days prior
to onset of infection.

Resistance of E.coli to piperacillin/tazobactam has also
increased significantly. This has been observed both in
cancer and non-cancer patients. One study conducted in
ICU setting and including non-cancer patients
demonstrated that 19.25% E.coli isolates were resistant to
piperacillin/tazobactam.8 Studies in cancer patients have
reported piperacillin/tazobactam-resistant E.coli rates
ranging from 12.9% to 41.6%.47

The proportion of piperacillin/tazobactam resistance was
much higher in our study population (43.6%). A
significant number of patients were neutropenic and had
received empiric piperacillin/tazobactam for neutropenic
fever. Many patients had recurrent admissions due to
chemotherapy-induced febrile neutropenia and had
received multiple courses of piperacillin/tazobactam
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which may have promoted resistance. However, in a
previous study from our centre, the rate of resistance was
only 11%.'" It points towards presence of additional
factors that may be responsible for the emergence of
MDR E.coli bacteraemia.

We attempted to analyse risk factors associated with MDR
E.coli bacteraemia in cancer patients. Multivariable
analysis revealed that treatment with piperacillin/
tazobactam within 90 days prior to infection was an
independent risk factor for MDR E.coli bacteraemia.
Several studies have also reported antimicrobial
exposures as risk factors for infection with MDR
organisms.17.19

In the present study, patients less than 18 years of age
were more likely to have MDR E.coli bacteraemia
compared to adults. This finding had not been observed
in prior studies. Most of the patients in this age group had
haematological malignancies. Such patients receive more
aggressive and myelosuppressive chemotherapies which
result in significant dysfunction of mucosal barrier, with
alteration in the intestinal microflora which can in turn
promote infections with resistant organisms.20

Another risk factor identified was the presence of central
venous catheters, including both short-term and long-
term catheters. Long-term catheters are frequently used
in cancer patients for administration of chemotherapeutic
agents and these can be a potential source of infection. A
recent retrospective analysis conducted in elderly
patients with cancer and long-term catheters
demonstrated significantly increased risk of infection.
Other studies have shown gram-negative organisms to be
the predominant aetiological agents in catheter-related
blood stream infections. Implementation of adequate
infection control measures can reduce the incidence of
these infections.21.22

Factors influencing mortality in our study were admission
to an ICU and ANC less than 100. Previous studies have
also reported that patients with E.coli bacteraemia who
are critically ill and are admitted to ICU have significantly
increased mortality.# This increased mortality in ICUs has
been attributed to comorbid illnesses like liver disease
and immunosuppression.?

An additional risk factor for worse outcomes in our
study was ANC of less than 100/mma3. This finding had
not been observed previously.”.'7 However, subgroup
analysis of one study showed that neutropenic
patients with ESBL E.coli bacteraemia had a higher
overall mortality rate compared to non-neutropenic
patients.4 In the present study about half of the
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patients had ANC count of less than 100/mm3 and 63%
of these had haematological malignancies.
Prophylactic administration of granulocyte colony-
stimulating factor can shorten the duration of
neutropenia and reduce the incidence of infectious
complications in patients with lympho-proliferative
disorders and solid tumours.

Infections with MDR gram-negative bacilli have been
reported to be associated with poor outcomes.23 But in
the current study MDR E.coli bacteraemia was not a
predictor of mortality, when evaluated in a multivariable
analysis, despite the fact that there were more deaths in
this group of patients. This is in line with studies published
recently which have shown that MDR is not associated
with higher mortality provided that effective antibiotics
are used for definitive therapy within appropriate
time.20.24

Initial inappropriate antibiotic therapy in cancer patients
with gram-negative bacteraemia has been reported in
some studies to be associated with poor outcomes.25
Others have shown contradictory results.#17 In our study a
significant proportion of patients (43.6%) did not receive
appropriate initial antibiotic therapy and this was not
associated with increased mortality.

At our centre, piperacillin/tazobactam is the commonest
empiric antibiotic in febrile neutropenic patients. Recently
there have been concerns regarding its effectiveness in
view of increasing number of E.coli isolates that are MDR.
We suggest continuing its use, since initial inappropriate
antibiotic was not a risk factor for mortality, but it should
be changed to an appropriate agent once anti-microbial
susceptibilities are known.

The study has several limitations. Firstly, it was a
retrospective observational study and definite association
between mortality and the various factors could not be
deduced. Secondly, minimum inhibitory concentrations
(MICs) of the antibiotics were not checked and molecular
studies were not performed to determine the different
types of beta lactamases. Finally, given the limitations of
data, we were unable to perform time-to-event analyses
or look for associations between receipt of antibiotic
therapy and time to death.

Conclusion

Bloodstream infections with MDR E.coli were common in
cancer patients. However, it was not a predictor of
mortality. Rational use of antibiotics and adherence to
infection-control measures during insertion and further
manipulation of central venous catheters can prevent
such infections.
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