Beta-lactam/beta-lactamase inhibitor therapy for potential AmpC-producing organisms
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Introduction
Widespread usage of third-generation cephalosporins has resulted in the
emergence of organisms possessing extended-spectrum beta-lactamases
(ESBLs).
Certain organisms, including Serratia, Providentia, Acinetobacter,
Citrotrobacter, Enterobacter, and Morganella may carry an AmpC gene
that produces an ESBL enzyme that is not inhibited by a beta-lactamase
inhibitor.
This gene may be repressed and resistance may not be detected on initial in
vitro testing. However, when exposed to beta-lactams or carbapenems,
these organisms can express this enzyme 10 to 100-fold above baseline
levels1. There is a theoretical risk of failure when treating these infections
with hydrolysable beta-lactams or beta-lactam/beta-lactamase inhibitor
(BL/BLI) combinations, but recent evidence 2 questions its clinical
relevance.
The most recent clinical and laboratory standard institute (CLSI)
guidelines suggest reporting susceptibility data in Enterobacteriaceae
based on phenotypic drug susceptibility testing without additional
investigations for inducible resistance 3. Despite these recommendations,
many laboratories edit susceptibility reports or issue warning messages
favouring the usage of carbapenems or other non beta-lactam antibiotics.

Objectives
1) To evaluate whether clinical outcomes (death or recurrence within
30 days) among patients at McGill University Health Centre with
bacteremia due to potential AmpC-producing organisms differed by
treatment with beta-lactams/carbepenems versus non beta-lactam
therapy
2) To update a previously-published meta-analysis with the McGill
cohort (nearly doubling the size of patients in this study)

Methods
Objective 1
We conducted a retrospective observational study was performed at the McGill University
Health Center (two hospitals, 832 beds, Montreal, QC) using blood cultures from April 1st,
2010 to June 1st, 2015. All consecutive adult cases were included and all patients were
followed until June 2016 for evidence of relapse. De-identified patient data were collected
from patient charts for each episode of bacteremia. The Charlson Comorbidity Index 4 was
calculated using the ICD-10. The Pitt Bacteremia 5 and quick sequential organ failure
assessment (qSOFA 6) scores were also calculated on date of initial culture.
Descriptive statistics were first conducted, and a Bonferroni correction of 0.05/k was used
to account for multiple comparisons.
We then first examined whether early exposure to hydrolysable beta-lactams was
associated with death during empiric therapy; only episodes where patients had received
empiric antibiotics were included. Patients who survived until culture results were
finalized but then did not receive definitive therapy were excluded due to high probability
of confounding by indication. We then assessed the potential influence of definitive
therapy on 30-day mortality or 30-day mortality + relapse as a composite outcome,
adjusting for empiric therapy. Patients who died before definitive therapy were also
excluded. For both analyses, patients with Acinetobacter baumanii bacteremia were
excluded, due to high probability of confounding by indication.
Logistic regression was used to model the association between antibiotic exposure and
these outcomes. Flexible modeling was considered for continuous covariates (i.e., age and
Charlson Comorbidity Index); linearity was first assessed visually using loess regression,
followed by a formal comparison of linear and fractional polynomial functional forms
using sequential selection 6). Covariates were assessed for inclusion in multivariate models
based on a p <0.2 in univariate analyses. Covariates resulting in a sequential change in
estimate of >10% were retained in preliminary multivariate models and final model
selection was based on the Bayesian Information Criterion.
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Methods continued…
Objective 2
A previous meta-analysis was updated by expanding the original search from August 2015 to
December 31, 2017 and including the results from the McGill cohort study. EMBASE,
PubMed, the Cochrane Database and Scopus were searched for relevant studies using the
following terms: (Enterobacter OR Serratia OR Citrobacter OR Providencia OR Morganella)
AND (bacteremia OR bacteraemia OR bloodstream infection) AND (piperacillin/tazobactam
OR ticarcillin/clavulanate OR cefepime OR carbapenem OR beta-lactam/beta-lactamase
inhibitor OR quinolone OR mortality). Searches were limited to human studies published in
English or French. Additional articles were identified from references of included studies.

Results continued…
Table 2: Death before definite therapy (n=153 episodes of bacteremia)
Univariate
Odds
Ratio
Age per year

1.01

Male sex

0.91

ICU at time of culture

Studies were included if they reported on patients with bloodstream infections caused by
organisms that may harbour inducible ampC resistance, including Serratia, Providencia,
Citrobacter, Enterobacter, and Morganella species, where patients were definitively treated
with either a carbapenem or a BL/BLI, and where mortality was presented as the outcome.
One reviewer screened the potentially relevant studies, first by title and abstract, and then
assessed their eligibility and quality by full-text review. Two authors then independently
extracted data from each relevant study. Data on mortality by treatment assignment was
extracted from each source paper. When this was unavailable, the corresponding authors were
directly contacted for additional data. There were no discrepancies in extraction. Study quality
was assessed using the Newcastle-Ottawa Quality Assessment Scale.
Unadjusted odds ratios (ORs) for mortality within 30 days were calculated between BL/BLIs
vs. carbapenems as definitive therapy in the treatment of BSI with potential Amp-C producing
organisms. ORs were pooled using a random effects model. Heterogeneity was assessed using
I2. All calculations were performed in Stata version 15 using the metan command.

4.32

Empiric beta-lactamase/betalactamase inhibitor
Charlson comorbidity index (per
point)
Pitt bacteremia score ≥ 4

1.44
1.16
14.93

1.00

Male sex

1.19

ICU at time of culture

Over 5 years, there were 173 discrete episodes of bacteremia involving
potential AmpC-producing organism : 22 (12.7%) Serratia marcescens,
16 (9.2%) Acinetobacter baumannii, 20 (11.6%) to Citrobacter braakii
or Citrobacter freundii, 108 (50.0%) to Enterobacter species and 7
(4.0%) to Morganella morgaanii.

95% CI p-value
0.981.04
0.332.54
1.5112.3
0.494.23
0.991.36
4.7047.4

Odds
Ratio

95% CI

0.61

Not in model

0.86

Not in model

0.006

Not in model

p-value

0.51

1.73

0.49-6.09

0.40

0.07

1.18

0.98-1.41

0.08

<0.001

17.15

5.1357.34

<0.001

Univariate

Age per year

Objective 1: McGill Cohort Study

Multivariate

Table 3: Death or relapse within 30 days among those receiving
definitive therapy (n=135 episodes of bacteremia*)

Odds
Ratio

Results

Figure 2: Forrest plot showing odds ratios from included studies

0.50

Empiric beta-lactamase/betalactamase inhibitor
Charlson comorbidity index (per
point)
Pitt bacteremia score ≥ 4

0.82
1.20
1.25

Multivariate

95% CI p-value
0.971.03
0.443.22
0.112.31
0.282.47
0.403.62
1.071.48

Odds
Ratio

95% CI

0.94

Not in model

0.73

Not in model

0.37

Not in model

p-value

0.73

0.68

0.21-2.24

0.53

0.75

0.81

0.24-2.75

0.74

0.005

1.28

1.08-1.52

0.005

Table 1: Patient characteristics
Number (%)
66 (54-73)
103 (61.3)
3 (2-5)
77 (44.5)
54 (31.2)
37 (21.4)
34 (19.7)
32 (18.5)
31 (17.9)
30 (17.3)
27 (14.9)
27 (14.9)
19 (11.0)
12 (6.9)
3 (1.7)
49/161 (30.4)

Objective 2: Meta-analysis
64.1% received
piperacillin-tazobactam as
their initial empiric
regimen, followed by a
fluoroquinolone (48.0%) or
a carbapenem (22.0%).
After susceptibility results
became available, most
received a treatment
regimen that included
either a fluoroquinolone
(43.0%) or a carbapenem
(33.3%).

30/135 (22.2)

After full-text
review, five new
studies were
added to the
previous metaanalysis plus
our cohort data.

Figure 1: Study inclusion

All
observational
and from single
centres à risk
of selection
bias.

32/153 (20.9)
7 /153 (4.6)

IQR: interquartile range; ICU: Intensive Care Unit
1Excludes malignant neoplasms of the skin.
2Excludes 12 patients who did not receive empiric therapy prior to culture results available.
3Excludes 17 patients who died before culture results available.
4Excludes 21 patients who survived until culture results available but then did not receive
further therapy

Ceftriaxone and piperacillin-tazobactam were used as definitive
therapy in 4 (2.6%) and 50 (32.1%) - despite a warning to avoid
hydrolysable beta-lactams with these isolates.
53 patients had a polymicrobial infection - all received definitive
antimicrobial therapy appropriate for the concomitant pathogens.

Limitations
Genotyping was not done to differentiate relapse from re-infection;
recurrence due to relapse may be over-estimated.

This excludes the 17 patients who died before culture results were available and the 21 patients who received no definitive therapy despite positive blood cultures

Characteristic
Age, median (IQR)
Male
Charlson Comorbidity Index
Solid organ tumours
Diabetes mellitus
Hematologic cancers
Pitt bacteremia score >=4
ICU at time of culture
Congestive heart failure
Renal disease
qSOFA score >=2
Coronary artery disease
Chromic pulmonary disease
Moderate/severe liver disease
HIV
Treatment combinations
Empiric beta-lactam/betalactamase inhibitor2
Definitive beta-lactam/betalactamase inhibitor3,4
Outcomes4
Death Within 30 days
Relapse Within 30 days

Moderate heterogeneity was identified (I2 = 54.8%, p=0.011), largely
due to studies prior to 2015.

Overall, the proportion of isolates with an AmpC phenotype ranged
from 15 - 92%.
Meta-analysis yielded a pooled OR for death within 30 days when
a patient received a beta-lactamase/beta-lactamase inhibitor as
definitive therapy of 1.13 (95% CI 0.58-2.20).

Phenotypic testing was also not done systematically for AmpC
production; however, the majority of our specimens were Enterobacter
spp. - higher potential for ampC derepression.
à Results likely generalizable to settings with more diverse (potentially
lower) AmpC-producing organisms.

Conclusions
Beta-lactamase/beta-lactamase inhibitors may be an adequate alternative
to carbapenems in the definitive treatment of bacteremia with potential
Amp-C producing Enterobacteriaceae.

References
1. Jones RN. Important and emerging beta-lactamase-mediated resistances in hospital-based
pathogens: the Amp C enzymes. Diagn Microbiol Infect Dis. 1998;31(3):461-6.
2. Harris PN, Wei JY, Shen AW, Abdile AA, Paynter S, Huxley RR, et al. Carbapenems versus
alternative antibiotics for the treatment of bloodstream infections caused by Enterobacter,
Citrobacter or Serratia species: a systematic review with meta-analysis. J Antimicrob
Chemother. 2016;71(2):296-306.
3. Institute CaLS. Performance Standards for Antimicrobial Susceptibility Testing; TwentyFifth Informational Supplement. CLSI document M100-S25. Wayne, PA: Clinical and
Laboratory Standards Institute; 2015.
4. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defining comorbidities in
ICD-9-CM and ICD-10 administrative data. Med Care 2005; 43(11): 1130-9.
5. Paterson DL, Ko WC, Von Gottberg A, et al. International prospective study of Klebsiella
pneumoniae bacteremia: implications of extended-spectrum beta-lactamase production in
nosocomial Infections. Ann Intern Med 2004; 140(1): 26-32.
6. Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016; 315(8): 801-10.
7. Sauerbrei W, Royston P, Binder H. Selection of important variables and determination of
functional form for continuous predictors in multivariable model building. Stat Med 2007;
26(30): 5512-28.

Contact Information
*Correspondence to: Dr. Matthew P. Cheng, Division of Infectious Diseases and Department
of Medical Microbiology, Glen site, McGill University Health Centre, 1001 Boulevard
Décarie, room E05. 1811.2, Montreal, Canada H4A 3J1
Tel.: +1 514 934 1934;E-mail:matthew.cheng@mail.mcgill.ca

