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Abstract
Background: The epidemiology of bloodstream infections caused by resistant
Gram-negative bacteria in children has not been well defined. Pathogens resistant to
third generation cephalosporins are responsible for an increasing proportion of pediatric
bloodstream infections. Selection of active empiric antimicrobial agents is directly proportional to patient outcome, thus knowledge of resistance epidemiology is vital in
choosing the optimal therapy for these infections.
Methods: A retrospective chart review was performed at Children’s Medical Center
Dallas using an electronic database to identify Enterobacteriaceae blood culture isolates
over a 6-year period (2006-2011). Each isolate was matched to an individual patient
and the medical chart reviewed. Resistant strains were defined as those determined to
be “intermediate” or “resistant” to any third-generation cephalosporin based on Clinical
and Laboratory Standards Institute interpretive criteria. The total infection events and
number of unique bacterial isolates were determined for resistant and susceptible
strains. The prevalence of resistance was calculated for each bacterial species, and
trends over time were analyzed.
Results: Resistant Enterobacteriaceae strains caused 15% (126/841) of bloodstream
infections during the study period, and 14.2% (106/744) of the unique bacterial isolates
were resistant. Enterobacter species represented the majority (48.1%) of infections
caused by resistant bacteria, whereas E. coli caused most infections (48.4%) amongst
susceptible strains. Enterobacter and Citrobacter species were the most likely pathogens to be resistant (35%, 32%), whereas resistance in E. coli and Salmonella species
was uncommon (4.6%, 2.6%). For all species combined, no trends in resistance were
identified.

Bloodstream isolates of Enterobacteriaceae from
1/1/2006-12/31/2011 were identified using an institutional database
search at Children’s Medical Center
Isolates testing intermediate or resistant in vitro to any third
generation cephalosporin were classified “resistant.” The remaining
sensitive strains were labeled “susceptible.”
Each isolate was matched to an individual patient and the medical
record was reviewed.
An infection event was defined as a positive blood culture for a
single bacterial species. Repeat positive cultures with the same
species within a two week time period were categorized as the same
event.
Each individual isolate of a different bacterial species or species
group in a single patient was called a “unique bacterial isolate.” The
prevalence of resistance for each species was calculated using
these unique isolates.

Conclusions: In the previous six years, resistant bacteria were responsible for a significant proportion of Gram-negative bloodstream infections in our patient population. Third
generation cephalosporins remain an appropriate choice in the empiric treatment of E.
coli bacteremia, but alternatives for initial therapy of Enterobacter bloodstream infections
should be considered.

Background

Results
Female, n (%)

44 (56)

Empiric therapy with an inactive in vitro antibiotic regimen is
associated with worse outcome in patients with serious bacterial
infections1

Age in years, mean ± σ

4.7 ± 6.1

Presence of CVC at time of infection, n (%)

70 (89)

Hospitalized within previous 6 months, n (%)

54 (68)

Antibiotic resistance is increasing as Gram-negative bacteria acquire
beta lactamases capable of hydrolyzing extended spectrum
cephalosporins2

ICU stay within previous six months, n (%)

17 (22)

Surgery within 30 days of infection, n (%)

19 (24)

Any malignancy, n (%)

17 (22)

The incidence of infection due to resistant Gram-negative pathogens in
pediatric patients is increasing in the United States and worldwide3,4

Previous solid organ transplantation, n (%)

8 (10)

Little is known about the epidemiology and risk factors for resistant
Gram-negative infections in children5
Knowledge of the regional epidemiology of resistance and risk factors
for infection will help define the best empiric antimicrobial regimens for
these children

Recent Antibiotic Exposure in Patients with Infection
Due to Resistant Strains
30 Days
(n=54)

1-6 Months
(n=36)

Third-generation cephalosporins

33 (61)

21 (58)

Extended-spectrum penicillins

25 (46)

17 (39)

1 (2)

6 (17)

25 (46)

11 (31)

Quinolones

4 (7)

2 (6)

Trimethoprim/sulfamethoxazole

7 (13)

5 (14)

Antibiotic Class, n (%)

Carbapenems
Aminoglycosides

3 (3)

Kidney, n (%)

1 (1)

Previous bone marrow/stem cell transplantation, n (%)

5 (6.3)

Prior bloodstream infection with same organism, n (%)

6 (7.6)

Prior resistant Gram-negative infection, n (%)

5 (6.3)
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E. coli
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Enterobacteriaceae Bloodstream Infections caused by
Extended-Spectrum Cephalosporin Resistant Strains
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(n) = total infections per year
Overall Infections with resistant strains = 126/841 (15%)

14.2% of unique bacterial isolates (106/744) were
resistant to extended-spectrum cephalosporins
Resistant Isolates
0.9%

n=323

n=39

Resistant
Susceptible

Susceptible Isolates
6.0%

10.4% 6.6%

5.7%

2.4%

Conclusions
Extended-spectrum cephalosporin resistant strains are a significant
cause of Enterobacteriaceae bloodstream infection in our pediatric
population
Nearly 2/3 of infections due to resistant strains were caused by
isolates with potential de-repression of the ampC beta-lactamase
Alternatives to third generation cephalosporins should be considered
for empiric therapy of bloodstream infections caused by certain
species
Extended spectrum cephalosporins remain an acceptable choice for
the initial treatment of E. coli sepsis

14.9%

4 (5)

Intestine, n (%)

Species-Specific Extended-Spectrum
Cephalosporin Resistance

13%

Characteristics of Patients (n=79) with Infection
due to Resistant Organisms

Liver, n (%)

Results

Results

Methods

Citrobacter spp.

19.8%

Enterobacter spp.

22.6%

E. coli
Klebsiella spp.

48.1%
14.2%

Salmonella spp.

48.4%

n=106

n=638

Serratia spp.
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