
Dissecting The Epidemics of Multidrug-Resistant 

Organisms: A Focus on Carbapenem-Resistant 

Klebsiella pneumoniae

Cesar A. Arias MD PhD
@SuperBugDoc



2

• Grant Recipient: MeMed diagnostics, Merck and 

Entasis Pharmaceuticals

Disclosures



3

AMR Latest Data

Lancet, Feb 2022



4

• Discuss the main mechanisms by which MDR 

bacteria can cause epidemics

• Dissect the epidemic of carbapenemase-producing 

K. pneumoniae in Houston, TX and in Colombia

Objectives
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Epidemics of MDR Organisms Is 

Evolution at Its peak
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Resistance is Part of Evolution
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The Dynamics of Epidemics and 

Pandemics

Handel & Rohani, Philosophical Transactions of the Royal Society, 2016
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Bubonic Plague
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https://commons.wikimedia.org/w/index.php?curid=357998

John Snow and Public Health Epidemiology 

of Pandemics
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Gene Epidemic
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The Human Microbiome and 

AMR
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Antibiotics and The Gut

Arias CA & Murray BE, Nat Rev Microbiology, 2012

Brandl et al, Nature. 2008 Oct 9;455(7214):804-7.
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Phylogenetic Analyses of USA300 

and USA300-LV

Planet et al., J Infect Dis. 2015
Arias et al. NEJM, 2009

Paul Planet

George Weinstock
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Evolutionary History of CA-MRSA

Planet et al., J Infect Dis. 2015

Jinnethe Reyes Lorena Diaz
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KPC-Carbapenemase

Global Dissemination

Munoz-Price LS, et.al. 2013. Clinical epidemiology of the global 

expansion of Klebsiella pneumoniae carbapenemases. The Lancet 

Infectious Diseases 13:785-796. 
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Klebsiella pneumoniae Clonal (CG) 258

Bowers et al., PLOS One 2015
DeLeo et al. PNAS, 2014
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Phylogenetic analysis of K. pneumoniae 

ST258 clinical isolates in The USA 

Frank R. DeLeo et al. PNAS 2014;111:4988-4993
©2014 by National Academy of Sciences
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Global Emergence of CG307

CG307
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Carbapenem-Resistant K. pneumoniae in USA

Houston was the only major city in 

the participating centers where K. 

pneumoniae CG307 was as 

frequent as CG258 
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ESBL-Producing K. pneumoniae, 

Houston ,TX

Long et al., mBio, 2017

blaCTX-M-15

Wesley Long Jim Musser
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Carbapenem-Resistant K. pneumoniae, 

Houston, TX

Will Shropshire

Blake Hanson
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Population Structure of K. pneumoniae 

CG258 vs CG307, Houston TX

CG258 CG307
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Phylogenetic Analyses of  CG307 from 

Houston, TX vs Rest of The World
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Accesory Genomes, Houston CG307 

vs CG258
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Accesory Genomes, Houston CG307 

vs CG258
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• CG258 isolates harbored either blaKPC-2 (35/37; 94.6%) or 

blaKPC-3 (2/37; 5.41 %) with the majority on pKpQIL plasmids 

(27/37; 73%), 

• CG307 isolates (31/35; 88.6%) carried blaKPC-2 on different 

vectors, with one isolate (C678) carrying two blaKPC-2 copies, 

one on the chromosome and the other on a FIIK/FIB 

(pKpQIL) plasmid 

• All Houston CG307 harbored more than one copy of blaCTX-M-

15 (2 [n=25], 3 [n=9] and 4 [n=1]) 

AMR Determinants CG258 vs CG307
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AMR Resistance and Plasmid 

Conjugation

Diana Panesso
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• The crude 30-day mortality for the full Houston cohort (n=73) was 17.8%; 

(13/73 [95% CI: 7.8 – 22.6%]). 

• Patients with CG258 exhibited a statistically significant higher 30-day 

mortality compared with those infected/colonized with CG307, albeit with a 

small number of events

• Patients with CG307 infection/colonization exhibited a higher proportion of 

samples isolated from urine (65.6%) compared to CG258 (37.0%) 

(p=0.068).

• Conversely, patients with CG258 infection/colonization had a higher 

proportion of isolates from blood (14.8% vs 0%) and respiratory cultures

(25.9% vs 12.5%) compared to the CG307 patient group.

Clinical Characteristics CG258 VS 

CG307
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Global Heterogenous Epidemiology of 

Carbapenem-Resistant K. pneumoniae

Wang et al., Lancet Infect Dis, 2021
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Global Heterogenous Epidemiology of 

Carbapenem-Resistant K. pneumoniae

Wang et al., Lancet Infect Dis, 2021
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Carbapenem-Producing K. pneumoniae 

Rojas, LJ et al. J Infect Dis, 2017
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2005 : First 
KPC-2 on 
Kpn

2006: KPC-2 
outside of 
Kpn (Cfr, Ecl, 
Sma, Cfr, 
Pae)

2008: 
Introduction of 
KPC-3

2009-2010: 
Dissemination 
of KPC-2 in EB 
(Ecl, Eco, Kor, 
Sma) and Pae
(2006-2010). 
KPC-3 confined 
to Kpn

2013: First 
KPC-2 on 
Salmonella 
Typhymurium

Rojas, LJ et al. J Infect Dis, 2017.,

Dissemination of KPC-2 in Colombia

2005 - 2013

Laura Rojas

Maria V. Villegas
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Dissemination of KPC-2 in Colombia

2005 - 2007

• This period coincides with the spread of 

• blaCTX-M-in the country

• Enterobacterales species carrying blaKPC-2

started to be identified (Citrobacter freundii) 

and also P. aeruginosa, an unusual KPC 

producer) 

Rojas, LJ et al. J Infect Dis, 2017.,
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Capsular Diversity K. pneumoniae 

in Colombia

0 5 10 15 20 25 30 35 40

KPC-2

KPC-3

2-K2 9-K9 18-K18 19-K19 24-K24 26 40-K3 50 60 64-K14	K64 84-K28

94 100 108-K80 137-K17 162-K35 193 293 346 394 442 154
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• Before the emergence of KPC (“pre-KPC period,” 2002–2005), ESBLs 

were prevalent amongst K. pneumoniae circulating in Colombia

• After a sentinel event of acquisition of blaKPC-2, circulationamong K. 

pneumoniae isolates with heterogeneous genetic backgrounds 

between 2005 and 2007 was rapidly documented

• In 2008 introduction of a CG258 isolate harboring IncI2 plasmids 

that have been circulating in the United States (New York/New Jersey 

area) seems to have occurred.

• Then, a monophyletic clade of the “high risk clone” CG258 K. 

pneumoniae carrying blaKPC-3 is expanded simultaneously

The “Perfect Storm” In Colombia 
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IncN Plasmids Disseminate KPC in 

A Colombian Region

Rada et al, Antimicrob Agents Chemother, 2022

Ana Rada
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• The silent pandemic of AMR is challenging and we need to understand the 

complexities of dissemination in order to have successful interventions

• Detailed analyses of how MDR bacteria spread is of paramount importance 

to detect emergence of new high-risk populations.

• In Houston, two major mechanisms within CG258 and CG307 lineages have 

evolved independently of one another and appear to be disseminating in 

parallel with limited evidence of inter-clade horizontal gene transfer 

between them.

• In Colombia, an initial plasmid epidemic was followed by introduction of a 

high-risk clone with both mechanisms acting independently that amplified 

the epidemic 

Conclusions
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