


#IDLabCon

Robert Potter, PhD, D(ABMM)

Assistant Director
Infectious Disease Diagnostics Laboratory
Children’s Hospital of Philadelphia

Director, Outbreak Investigations
Center for Microbial Medicine
Children’s Hospital of Philadelphia

Assistant Professor
Department of Pathology & Laboratory Medicine
The Perelman School of Medicine at the University of Pennsylvania

Carbapenem-resistant 
Acinetobacter baumannii



#IDLabCon

Patient is a medically complicated four year old with 
pulmonary problems admitted to CHOP Fall 2024
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Pulmonary hypoplasia

https://www.openpediatrics.org/assets/image/pulmonary-hypoplasia

Pulmonary hypertension

https://www.gleneagles.com.sg/conditions-diseases/pulmonary-arterial-hypertension/symptoms-causes

Tracheostomy

https://scireproject.com/wp-content/uploads/2023/10/MechVent.png
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Patient has an episode of acute respiratory distress 
syndrome (ARDS) and endotracheal cultures were obtained
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Blood agar MacConkey agar

Chocolate agar
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Carbapenem resistant Acinetobacter baumannii (CRAB) grew 
from endotracheal aspirate culture
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Carbapenem-resistant Acinetobacter is an urgent 
antimicrobial threat in the CDC 2019 AR Threat Report
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Clinically, species in the A. baumannii complex causes most 
of human disease
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PMID: 35653398

A. baumannii complex
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blaOXA-23 is largely responsible for spread of CRAB around 
the globe.
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PMID: 37738153
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A. baumannii clonal group 2 (CG2) causes majority of CRAB 
infections in the USA and abroad
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PMID: 37738153
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Carbapenem inactivation method (CIM) performs poorly 
against CRAB except the oCIM variation
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PMID: 37520356

OD600 of 8, then was 
resuspended in 200μL TSB, in 
which the 10μg MEM disk was 
incubated for 4h
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Clinical outcomes from CRAB infections differ based on 
institutional location
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Sulbactam-Durlobactam and Cefiderocol are two options for 
treating CRAB infections, often compared to Colistin
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Sulbactam

Cefiderocol

Durlobactam

Colistin
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Sulbactam acts as a β-lactam antibiotic to inhibit PBPs while 
Durlobactam inhibits β-lactamase activity 
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PMID: 39257909



#IDLabCon

ATTACK study found that Sulbactam-durlobactam had a 
lower incidence of nephrotoxicity compared to colistin
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PMID: 37182534
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Sulbactam-durlobactam had a lower all-cause mortality 
compared to colistin in a multicenter CRAB study
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PMID: 37182534

Sulbactam- Durlobactam

Colistin
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January 2024 Clinical Laboratory Standards Institute (CLSI) 
released breakpoints for Sulbactam-durlobactam testing
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1.7% (84/5,032) Acinetobacter isolates showed resistance to 
sulbactam-durlobactam from a global cohort 
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PMID: 36005804
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86% (31/36) of Acinetobacter isolates are susceptible to 
meropenem at CHOP 2024 year
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PMID: 36005804
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Meta-analysis of resistance reports finds that blaNDM-1 
harboring strains are resistant
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PMID: 36551450
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IDSA guidelines support sulbactam containing treatment 
regimes for CRAB infection
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Patient treated with intravenous sulbactam-durlobactam and 
meropenem for 10 days
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“600 mg (25 mg/kg/DOSE), Intravenous, EVERY 6 HOURS, 17 
doses, Administer over 3 Hours”

ARDS resolved and no new cultures have grown the CRAB



Conclusions

-CRAB is an urgent antimicrobial threat
-primarily mediated by blaOXA-23
-may phenotypically test CIA negative
-Sulbactam containing regimes are 
recommended by IDSA
-Sulbactam/Durlobactam shows strong in 
vitro activity against A. baumannii
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Shigella spp.
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Patient is a previously healthy 6 year old 

24

• Presents to CHOP ED with vomiting, diarrhea, fever, headache, abdominal 
pain

• Previous travel to Guatemala (1 week ago) where several cousins were 
confirmed to have Dengue 

• ID consulted in ED and recommended infectious stool testing
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CDC defines four demographics at risk for shigellosis
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Shigella (and other causes of bacterial gastroenteritis) can 
be diagnosed by culture or nucleic acid testing
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Syndromic PCR panels for gastrointestinal disease have 
increased presence within clinical laboratories
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PMID: 25326870

IDDL laboratory developed test (LDT) assay targets the ipaH
gene from Shigella and had higher sensitivity over culture 
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Culture on positive specimens is important for sending 
isolate to local public health laboratory for typing

https://www.medical-labs.net/hektoen-enteric-agar-2204

Shigella sp. Salmonella sp. Normal Flora
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Four recognized Shigella spp, genomically are best 
characterized as a phylogroup within Escherichia coli
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PMID: 39745367
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Further evidence Shigella species are a distinct phylogroup 
compared to E. coli isolates via pan-genome distribution
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PMID: 33500552
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Shigella species can be differentiated from E. coli via 
biochemical testing
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ISSN: 2091-2854
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PMID: 26923111

A large virulence plasmid confers enteroinvasiveness of 
Shigella strains
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Type 3 Secretion system is a “reverse” flagella used for 
infecting host
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Shigella sonnei emerged relatively recent in Europe (~400 
ya) and then spread throughout the world
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PMID: 26923111
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Antibiotic resistant Shigella spp. is a serious antimicrobial 
threat in the CDC 2019 AR Threat Report
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Azithromycin, ciprofloxacin, and ceftriaxone are first choice 
treatments for shigellosis
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Major concern is increase in phenotypic ciprofloxacin and 
azithromycin resistance
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CDC AR Threat Report 2019
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ESBL producing Shigella spp. cause an outbreak of 
gastroenteritis in the United Kingdom
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PMID: 35809593
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Integrons containing multiple acquired antibiotic resistance 
genes are on self transmissible plasmids in Shigella spp. 
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PMID: 37031199
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Integrons containing multiple acquired antibiotic resistance 
genes are on self transmissible plasmids in Shigella spp. 
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PMID: 37031199
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blaCTX-M-15 harboring S. sonnei in Los Angeles were 
determined to be closely related to one another 
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PMID: 39667596



Conclusions

--Shigella is a phylogroup of E. coli that 
causes gastroenteritis
-Frontline treatment includes ciprofloxacin 
and azithromycin
-Resistance to these agents and 
ceftriaxone is increasing
-Resistance is primarily mediated by 
horizontal gene transfer
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Stenotrophomonas maltophilia.
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Patient is a medically complicated 1 year old with a surgical 
site infection
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• Bronchopulmonary dysplasia (BPD) and chronic lung disease (CLD)

• LLL lobectomy
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Much less options for treating S. maltophilia compared to E. 
coli but thankfully both relatively susceptible
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S. maltophilia is a common environmental bacterial that can 
cause opportunistic infections
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PMID: 19528958
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S. maltophilia is understudied compared to other Gram-
negative bacteria
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PMID: 35529051
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S. maltophilia is composed of 23 phylogenetic lineages of 13 
putative species
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PMID: 19528958
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S. maltophilia has intrinsic resistance to many antibiotics via 
core-genome antibiotic resistance genes

50
PMID: 35529051
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S. maltophilia has intrinsic resistance to many antibiotics via 
core-genome antibiotic resistance genes
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PMID: 35529051
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Cefiderocol (brand name Fetroja) binds to iron and mimics a 
siderophore so that it is actively uploaded into periplasm
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https://www.fetroja.com/mechanism-of-action
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Statistically significant difference between Cefiderocol zone 
diffusion diameter for S. maltophilia on BD and Hardy MHA 
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PMID: 32571820
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Cefiderocol used to successfully treat S. maltophilia
bloodstream infection at Johns Hopkins children hospital
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PMID: 32571820
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146 S. maltophilia strains from Japan tested over a 10 year 
period identified only one case of elevated resistance
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PMID: 39392554
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Mutations in promoter sequence of sme efflux operon led to 
lower expression in an evolved cefiderocol resistant isolate
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PMID: 35156034



Conclusions

-S. maltophilia is an environmental bacteria 
that can cause sever infections
-It has intrinsic resistance to many 
commonly used antibiotics
-Cefiderocol is a promising candidate for 
treatment but may have testing issues
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Carbapenem Resistant 
Enterobacterales
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Patient is a 3 year old with neurogenic bladder presenting 
with UTI symptons
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Patient grew at blaOXA-48 positive E. coli
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Carbapenem-resistant Enterobacteriaceae are an urgent 
antimicrobial resistant threat

61
2019 CDC AR Threat Report
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Enterobacterales is an order that includes many important 
human pathogens

62
PMID: 33627443
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Enterobacterales is an order that includes many important 
human pathogens

63
PMID: 33627443
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High level carbapenem resistance is multifactorial but 
largely driven by carbapenemases

64
PMID: 38927223
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Carbapenemases fall into Ambler Classes A, B, and D but not 
Class C
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PMID: 28013264
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Infections with CP-CRE have a higher 14 day mortality rate 
compared to infections with non-CP-CRE
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PMID: 28013264
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The major carbapenem resistance genes are regionally 
endemic but due to travel can always spread
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PMID: 33627443
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Large analysis of US CRE infections found that                       
K. pneumoniae is most common CRE 
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PMID: 32151332
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Thankfully carbapenem resistance overall is relatively rare at 
CHOP
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Multiple methods are used to identify CRE/CPE
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Phenotypic Protein Genetic

NG-Carba 5

AST

CIA
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Carbapenemase activity can be detected by CIM/CIA assay
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PMID: 25798828

+/-EDTA
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Isolate submission to Antimicrobial Resistance Laboratory 
Network laboratory is helpful for national surviellance
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PMID: 25798828
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IMP-27 is a carbapenemase gene that was undetected by 
GeneXpert but identified on NG-test Carba 5
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PMID: 25798828
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Carbapenemase genes are on large mobilizable plasmids 
that contain other antibiotic resistance genes
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PMID: 29496594
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Non β-lactam β-lactamase inhibitors restore efficacy of 
carbapenems against CRE
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β-lactam ring 

+Imipenem +Ceftazidine +Meropenem



Conclusions

-CRE can be CP or non-CP
-K. pneumoniae and E. coli are most 
common CP-CRE
-Carbapenemase genes are regionally 
associated by can spread
-Multiple methods can be used to identify 
CRE carriage
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-Daptomycin and Enterococcus spp.

-Inoculum effect in Staphylococcus aureus
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Daptomycin is a bactericidal lipopeptide antibiotic that 
causes pore formation in Gram-Positive cell membranes

79
PMID: 31504338
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Enterococcus spp. Have elevated baseline daptomycin MICs 
compared to S. aureus
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PMID: 31504338
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Daptomycin consumption (b) has increased since 2009-
2015 but resistance has (so far) not increased (a)
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Daptomycin breakpoints have gone through changes since 
M100 28th Ed
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FDA breakpoints also exist  for E. faecalis
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Monte Carlo simulations were used to estimate the 
probabilities of achieving pharmacodynamic thresholds
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PMID: 31504338
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Inoculum effect is the observation of higher MICs with higher 
inoculums for certain bug-drug combinations
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https://www.biorxiv.org/content/10.1101/550368v3.full
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Cefazolin Inoculum Effect observed in certain in S. aureus 
strains and results in in higher MICs
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PMID: 35578988
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Cefazolin Inoculum Effect can be observed via beta-
lactamase hydrolysis of nitrocefin
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PMID: 33536292
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Area under the curve (AUC) analysis was good (.85) for all 
MSSA but better (.9) for BlaZ type A isolates (.9)
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PMID: 33536292
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Cefazolin Inoculum Effect in S. aureus varied by geography 
rom 0% in Texas (USA) to 28% in Alberta (Canada)
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Cefazolin Inoculum Effect in S. aureus is not constrained by 
phylogenomic strain background
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PMID: 35578988
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Cefazolin Inoculum Effect in S. aureus is not constrained by 
phylogenomic strain background

91
PMID: 35578988



-Daptomycin and Enterococcus spp. has 
encountered numerous changes to 
breakpoints

-Inoculum effect in Staphylococcus aureus 
occurs in many different strains across 
geography but has uncertain clinical 
impact
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