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Abstract

We hypothesized that prior colonization with antibiotic-resistant Gram-negative bacteria is
associated with increased risk of subsequent antibiotic-resistant Gram-negative bacteremia among
cancer patients. We performed a matched case-control study. Cases were cancer patients with a
blood culture positive for antibiotic-resistant Gram-negative bacteria. Controls were cancer
patients with a blood culture not positive for antibiotic-resistant Gram-negative bacteria. Prior
colonization was defined as any antibiotic-resistant Gram-negative bacteria in surveillance or non-
sterile-site cultures obtained 2—-365 days before the bacteremia. Thirty-two (37%) of 86 cases and
27 (8%) of 323 matched controls were previously colonized by any antibiotic-resistant Gram-
negative bacteria. Prior colonization was strongly associated with antibiotic-resistant Gram-
negative bacteremia (odds ratio [OR] 7.2, 95% confidence interval [CI] 3.5-14.7) after controlling
for recent treatment with piperacillin-tazobactam (OR 2.5, 95% CI 1.3-4.8). In these patients with
suspected bacteremia, prior cultures may predict increased risk of antibiotic-resistant Gram-
negative bacteremia.

*Portions of the data in this manuscript were presented at the 50th Interscience Conference on Antimicrobial Agents and
Chemotherapy in September of 2010.
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1. Introduction

Infections with Gram-negative bacteria resistant to broad-spectrum antibiotics, such as
cephalosporin, carbapenems, and piperacillins, are increasingly common in the United States
(Cosgrove, 2006; Giske et al., 2008; Mauldin et al., 2010; Siegel et al., 2007; Tumbarello et
al., 2009; Wisplinghoff et al., 2004). These infections are associated with higher hospital
cost, length of stay, and mortality particularly among cancer patients (Cosgrove, 2006;
Giske et al., 2008; Mauldin et al., 2010; Tumbarello et al., 2009). Bacteremia in cancer
patients is associated with indwelling devices, e.g., intravenous lines and urinary catheters,
and the disruption of mucosal surfaces following chemotherapy (Freifeld et al., 2011;
Owens and Berg, 1980; Steffen and Berg, 1983; Tancrede and Andremont, 1985; Wells et
al., 1987). Colonization of the skin and mucosal tissue with opportunistic pathogens such as
Gram-negative bacteria frequently precedes infection. Surveillance and clinical cultures are
used in many U.S. hospitals to identify patients colonized with antibiotic-resistant organisms
for the purposes of infection control, but results are not routinely used to guide antimicrobial
therapy choices (Hughes et al., 1990; Tacconelli et al., 2008).

Clinical studies in bone marrow transplant patients have shown that vancomycin-resistant
Enterococcus colonization is associated with subsequent vancomycin-resistant Enterococcus
bacteremia and that Enterococcus stool isolates resistant to trimethoprim-sulfamethoxazole
are associated with subsequent trimethoprim-sulfamethoxazole- resistant bacteremia
(Salgado, 2008;Weinstock et al., 2007;Wells et al., 1987). Additionally, several studies have
identified prior antimicrobial exposure as a risk factor for antibiotic-resistant Gram-negative
bacteremia among cancer patients (Garnica et al., 2009; Oliveira et al., 2007; Spanik et al.,
1999; Vigil et al., 2009). Identifying risk factors for antibiotic-resistant Gram-negative
bacteremia may guide empiric antibiotic therapy and thus improve outcomes among these
patients. We hypothesized that prior colonization with antibiotic-resistant Gram-negative
bacteria is associated with increased risk of subsequent antibiotic-resistant Gram-negative
bacteremia among cancer patients with suspected bacteremia.

2. Methods
2.1. Study population

The study population was derived from cancer patients with a suspected infection who
received inpatient care at the University of Maryland Medical Center (UMMC) Greenebaum
Cancer Center between January 1, 2001, and December 31, 2010. The UMMC Greenebaum
Cancer Center is a National Cancer Institute—designated cancer center in Baltimore,
Maryland, with 41,000 outpatient and 1600 inpatient visits annually. Eligible patients had 1)
a cancer diagnosis, 2) at least 1 blood culture during the course of their hospitalization, and
3) a non-sterile-site or surveillance culture in the 2-365 days prior to the relevant blood
culture. Patient data were obtained from the UMMC Central Data Repository.
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2.2. Study design

We performed a matched case-control study of cancer patients with suspected bacteremia
and prior surveillance or non-sterile-site cultures (see Fig. 1). Cases were selected from
patients with a blood culture that grew antibiotic-resistant Gram-negative bacteria for the
first time. Controls were selected from patients with 1 or more blood cultures that did not
grow antibiotic-resistant Gram-negative bacteria. Case patients could not serve as control
patients during other episodes of suspected bacteremia. Antibiotic resistance was defined as
full or intermediate resistance to cefepime, imipenem, or piperacillin-tazobactam as
determined following the Clinical laboratory Standards Institute guidelines (CLSI, 2011).
These antibiotics were selected because of their role as key antimicrobial agents used in the
empiric treatment of patients with neutropenic fever (Freifeld et al., 2011). Up to 4 controls
were matched to each case on: age +10 years, type of malignancy, date of admission £180
days, and duration of hospitalization at the time of the blood culture £25%. These criteria
were chosen to match cases and controls with respect to changes over time in surveillance
and clinical culture practice, changes in microbiology laboratory practice, and time at risk
for infection in the hospital. Malignancy categories used were acute lymphocytic leukemia
(ALL), chronic lymphocytic leukemia (CLL), acute myeloid leukemia (AML), chronic
myeloid leukemia (CML), other leukemia, Hodgkin’s lymphoma, non-Hodgkin's lymphoma
myeloma, solid tumor, or other.

2.3. Study variables

The primary exposure variable was colonization with antibiotic-resistant Gram-negative
bacteria during the 2-365 days prior to the bacteremia-defining blood culture. Patients were
considered colonized if any antibiotic-resistant Gram-negative bacteria were isolated from
any surveillance or non-sterile-site (e.g., wound, urine, sputum) culture. Patients were
considered not colonized if no antibiotic-resistant Gram-negative bacteria were isolated
from any surveillance or non-sterile-site culture.

Covariates included in the analysis were sex, race, admission to the medical intensive care
unit (ICU) in the 90 days prior to the defining blood culture (yes versus no), white blood cell
(WBC) count 1.0 x 103 cells per mm3 within +1 day of the defining blood culture (yes vs.
no), and treatment with antimicrobial agents with broad-spectrum activity against Gram-
negative pathogens 1-28 days prior to the defining blood culture (yes versus no).
Antimicrobials analyzed included aztreonam, cefepime, doripenem, imipenem,
moxifloxacin, and piperacillin-tazobactam. Antimicrobials used in the 24 hours prior to the
defining blood culture were excluded, as they may have been started in response to early
clinical signs of infection, i.e., after the outcome. WBC count was used as a surrogate for
neutropenia because differential counts were not always available.

2.4, Statistical analysis

All statistical analyses were performed using SAS 9.22 (SAS Institute, Cary, NC, USA). All
bivariate and multivariable analyses were performed using conditional logistic regression to
account for the matched case-control design. The initial multivariable conditional logistic
regression was adjusted for variables previously shown to be associated with bacteremia
caused by multidrug-resistant organisms and potential confounders. The significance of
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individual covariates and interaction between covariates was assessed using the likelihood
ratio test. All associations are reported as odds ratios (ORs) with 95% confidence intervals
(Cls), and a 2-tailed P < 0.05 was considered statistically significant.

This research was conducted in accordance with the Declaration of Helsinki and national
and institutional standards. The University of Maryland Baltimore Institution Review Board
approved the project with a waiver of informed consent (HP-42197).

3. Results

We identified 86 cases and matched 323 controls. On average, 3.8 controls were matched to
each case. Cases and controls did not differ significantly with regard to age, days from
admission to culture, year of admission, malignancy type, and sex (Table 1). Controls were
more likely to be of white race than cases. There were 13,147 eligible prior cultures. A total
of 6277 (48%) were surveillance cultures, and 6870 (52%) were non-sterile site clinical
cultures. There were no differences in the distribution of surveillance versus clinical cultures
or body site sources among cases and controls (data not shown). The number of cases
ranged from 5 to 13 per year, and no significant long-term trends or major outbreaks
emerged during the study period. Thirty-two (37%) cases and 27 (8%) controls were found
to be colonized with any antibiotic-resistant Gram-negative bacteria in the prior year.

In 17 of the 32 cases (53%) previously colonized with antibiotic-resistant Gram-negative
bacteria, the bacteria detected from blood culture were the same as the colonizing bacteria,
and the bacteria from the blood culture and colonization had the same antimicrobial
resistance pattern (e.g., Escherichia coli resistant to imipenem, susceptible to piperacillin-
tazobactam and cefepime). Additionally, in 7 of the 32 cases (22%), the bacteria from the
blood culture and prior cultures were different bacterial species; however, the 2 bacteria had
the same antibiotic resistance (e.g., resistance to imipenem). Thus, overall, the same
antibiotic resistance was detected in 75% of the cases with prior colonization with any
antibiotic-resistant Gram-negative bacteria. In the remaining 8 of 32 cases (25%), there was
no match between the bacteria from the blood culture and the prior cultures.

In bivariate analyses, bacteremia with any antibiotic-resistant Gram-negative bacteria was
significantly associated with prior colonization by any antibiotic-resistant Gram-negative
bacteria (OR 8.0, 95% CI 4.0-16.1). In a multivariable conditional logistic regression
model, antibiotic-resistant Gram-negative bacteremia was independently and strongly
associated with prior colonization with any antibiotic-resistant Gram-negative bacteria (OR
7.2, 95% CI 3.5-14.7) and treatment with piperacillin-tazobactam in the 1-28 days prior to
drawing the blood culture (OR 2.5, 95% CI 1.3-4.8). If only cases and controls with solid
tumors were included in the model, the OR was similar (OR 7.1, 95% CI 1.8-27.6). If only
cases and controls with hematologic malignancies were included in the model, the OR was
also similar (OR 8.4, 95% CI 3.7-18.9).

Genera represented among the antibiotic-resistant Gram-negative blood culture isolates from
cases included Stenotrophomonas (31% of cases), Pseudomonas (16%), Klebsiella (13%),
Escherichia (13%), Acinetobacter (6%), Sphingomonas (6%), Enterobacter (5%),
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Chryseobacterium (3%), Ochrobactrum (3%), Achromobacter (2%), Pantoea (1%),
Roseomonas (1%), and Serratia (1%). Among these isolates, 23 (26%) had resistance to
cefepime, 15 (21%) had full or intermediate resistance to imipenem, and 44 (51%) had full
or intermediate resistance to piperacillin-tazobactam. Of note, if we excluded cases and
associated controls with bacteria with intrinsic resistance (e.g., Stenotrophomonas
maltophilia), and those for which a CLSI breakpoint interpretation does not exist, the results
were similar (OR 9.7, 95% CI 4.1-23.1).

4. Discussion

We found that prior colonization with antibiotic-resistant Gram-negative bacteria was
strongly (OR 7.2) associated with subsequent antibiotic-resistant Gram-negative bacteremia
among adult cancer patients. This association was independent of recent exposure to
antimicrobials. Three quarters of cases with prior colonization with resistant Gram-negative
bacteria had the same antibiotic resistance pattern identified in prior cultures as was
identified in the infecting isolate. This finding suggests that prior detection of antibiotic-
resistant Gram-negative bacteria is a significant risk factor for subsequent antibiotic-
resistant Gram-negative bacteremia and that prior cultures may predict antibiotic resistance
in bacteremic cancer patients. Review of prior cultures could be used to select empiric
antibiotic therapy in cancer patients with suspected infection.

A recent cohort study of pediatric cancer patients reported a finding of similar magnitude in
patients with Gram-negative bacteremia. Isolation of antibiotic resistant Gram-negative
bacteria from any site within the preceding 12 months was strongly (OR 9.9) associated with
the risk of antibiotic-resistant Gram-negative bacteria among pediatric cancer patients with
Gram-negative bacteremia (Haeusler et al., 2013). Two prior studies found an association
between colonization with Gram-negative bacteria and subsequent Gram-negative
bacteremia in cancer patients. Cohen et al. (1983) assessed hematopoietic stem-cell
transplant patients colonized with antimicrobial-sensitive Gram-negative bacteria and found
a 17 to 174-fold increased risk, depending on species. Wells et al. (1987) reported a 3-fold
increase in trimethoprim-sulfamethoxazole- resistant Gram-negative bacteremia among
bone marrow transplant patients with prior stool cultures positive for trimethoprim-
sulfamethoxazole-resistant Gram-negative bacteria compared to those without positive prior
cultures. Our study adds to this literature by showing that this association holds true for
cefepime, imipenem, and piperacillin-tazobactam in adult cancer patients with suspected
bacteremia.

Our study is subject to the limitations of retrospective data collected from a single
institution. We also restricted our study population to those cancer patients with prior
surveillance or nonsterile-site cultures in the last year, and this may introduce a selection
bias if prior culture testing is associated with colonization and the development of infection.

Our results suggest that a review of prior cultures might reduce inappropriate empiric

antibiotic therapy in cancer patients with suspected infection. Studies of critically ill patients
including cancer patients have found that inappropriate empiric therapy for Gram-positive or
Gram-negative infections is associated with increased mortality and length of stay (Harbarth
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et al., 2003; Ibrahim et al., 2000; Kang et al., 2005; Kollef et al., 1999; Leibovici et al.,
1998; Siegel et al., 2007). Using prior cultures results to guide empiric antibiotic therapy,
e.g., provide additional or alternate Gram-negative coverage, may reduce the risk of
inappropriate therapy and reduce mortality or length of stay in settings with high rates of
antibiotic-resistant Gram-negative bacteremia.

In conclusion, prior colonization with any antibiotic-resistant Gram-negative is associated
with an increased risk of subsequent bacteremia with antibiotic-resistant Gram-negative
among cancer patients with suspected infection. Future studies should include multiple
clinical centers and molecular typing to determine in what proportion of patients the
infecting and colonizing isolates are related. If studies indicate that prior antibiotic-resistant
Gram-negative colonization predict subsequent antibiotic-resistant Gram-negative
bacteremia in cancer patients with suspected infection, surveillance cultures to identify
colonization might increase appropriate empiric antibiotic therapy and improve clinical
outcomes.
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Fig. 1.
Diagram of the relationship of case and control status to the main study variable and other

covariates of interest.
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Table 1

Demographic and hospital stay characteristics of cancer patients with antibiotic resistant Gram-negative
bacteremia (cases) and matched controls from the University of Maryland Greenebaum Cancer Center, 2001—
2010.

Variable Cases Controls pa
N=8  N=323
n (%) n (%)

Main study variable

Colonization with antibiotic-resistant Gram-negative in prior year 32 (37) 27 (8) <.001
Matching criteria

Age (years) 50+14b 51+13b -

Malignancy type -

ALL 13(15) 40 (12)

CLL 2(2) 2(1)

AML 26(30) 106 (33)

CML 0 0

Other leukemia 0 1(1)

Hodgkin's lymphoma 0 0

Non-Hodgkin’ s lymphoma 14 (16) 59 (18)

Myeloma 10 (12) 40 (12)

Solid tumor 23 (27) 90 (28)
Duration of hospitalization at the time of blood culture (days) 10+120 10+100 -

Additional covariates

Male 56(65) 196 (61) .638
Race 77

White 40 (47) 170 (53)

Black 34 (40) 129 (40)

Other 10 (12) 23 (7)

Missing 2(2) 1(1)
WBC count <1 x 10%/mm? in +1 day of blood culture 37(43) 122(38) .292
Admitted to medical ICU in 90 days prior to blood culture 12 (14) 27 (8) 113
Treatment with piperacillin-tazobactam 1- 28 days prior to blood culture 36 (42) 66 (20) <.001
Treatment with imipenem 1- 28 days prior to blood culture 13 (15) 39 (12) .339
Treatment with cefepime 1- 28 days prior to blood culture 23 (27) 78 (24) 484
Treatment with any antibiotic 1- 28 days prior to blood culture 56 (65) 157 (41)  .004
Bone marrow transplant during current admission 24 (28) 120 (37)  .098

The distributions of the matching criteria were not tested.
Due to rounding, some percentages may not add to 100.

a - - .
Conditional logistic regression.

bMean +SD.
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