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Global burden of bacterial antimicrobial resistance in 2019: @@"} ®
a systematic analysis )

Antimicrobial Resistance Collaborators™ m

Findings On the basis of our predictive statistical models, there were an estimated 4-95 million (3-62-6-57) deaths
associated with bacterial AMR in 2019, including 1-27 million (95% UI 0-911-1-71) deaths attributable to bacterial
AMR.

Lancet, Feb 2022 3



* 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



Epidemics of MDR Organisms Is Sletholist
Evolution at Its peak [eADinG mMEDICINE

~ “Itis not the

~ strongest of the

~ species that
survives, nor the
most intelligent,
but the one most

responsive to
change.”

~Charles Darwin, 1809



HOUSTON

Resistance Is Part of Evolution Methalist

doi:10.1038/nature10388

Antibiotic resistance is ancient
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The Dynamics of Epidemics and Slethalist
Pandemics
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John Snow and Public Health Epidemiology
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of Pandemics

https://commons.wikimedia.org/w/index.php?curid=357998




Gene Epidemic
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Phylogenetic Analyses of USA300

and USA300-LV
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North American Epidemic
(ACME-+PVL+,SaPI5+)

Early Branching
(ACME-,PVL+,SaPI5+)

South American Epidemic
(ACME-,PVL+,SaPI5+)
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KPC-Carbapenemase

Global Dissemination
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Phylogenetic analysis of K. pneumoniae

ST258 clinical isolates in The USA
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Molecular and clinical epidemiology of carbapenem-tesistant @+§®
Enterohacterales n the USA (CRACKLE-2):aprospective "'
coortstudy
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Houston was the only major city In
the participating centers where K.

pneumoniae CG307 was as
frequent as CG258




ESBL-Producing K. pneumoniae, Cicthalist
Houston ,TX

m/Bio“’

CG307

] AMERICAN
- SOCIETY FOR
MICROBIOLOGY

Wesley Long  Jim Musser

Population Genomic Analysis of 1,777
Extended-Spectrum Beta-Lactamase-
Producing Klebsiella pneumoniae
Isolates, Houston, Texas: Unexpected By
Abundance of Clonal Group 307 Bl

0.025

S. Wesley Long,>® Randall J. Olsen,>” Todd N. Eagar,® Stephen B. Beres,? a
Picheng Zhao,® James J. Davis,~ Thomas Brettin,< Fangfang Xia, b I CTX M 1 5

James M. MusserabP

_ 20
Long et al., mBio, 2017



Carbapenem-Resistant K. pneumoniae,

Methaolist

LEADING MEDICINE

Houston, TX
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Houston, TX vs Rest of The World
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Accesory Genomes, Houston CG307
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COG Functional Groups

- Cell cycle control, cell division, chromosome partitioning

- Cell walllmembrane/envelope biogenesis

- Cell motility

- Post-translational modification, protein turnover, and chaperones
- Signal transduction mechanisms

- Intracellular trafficking, secretion, and vesicular transport

- Defense mechanisms

- Energy production and conversion

- Amino acid transport and metabolism

- Nucleotide transport and metabolism

- Carbohydrate transport and metabolism
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- Coenzyme transport and metabolism

- Lipid transport and metabolism

Other CG15 CG20 CG147 CG307 CG258

Clonal Group
n=3404 n=1867 n=1530 n=1619 n=24186 n=32756

l P- Inorganic ion transport and metabolism
Q - Secondary metabolites biosynthesis, transport, and catabolism
J - Translation, ribosomal structure and biogenesis
l K - Transcription
L - Replication, recombination and repair
S - Function unknown
l Undefined homolog
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* CG258 isolates harbored either blaypc, (395/37; 94.6%) or
bla,pc 5 (2/37; 5.41 %) with the majority on pKpQIL plasmids
(27/37; 73%),

* CG307 isolates (31/35; 88.6%) carried blayp, on different
vectors, with one isolate (Co678) carrying two bla,p.., copies,
one on the chromosome and the other on a FIIK/FIB
(PKpQIL) plasmid

* All Houston CG307 harbored more than one copy of blacry .
15 (2 [n=25], 3 [n=9] and 4 [n=1])
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AMR Resistance and Plasmid
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Clinical Characteristics CG258 VS
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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.
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Global Heterogenous Epidemiology of

Carbapenem-Resistant K. pneumoniac [ ————

Clinical outcomes and bacterial characteristics of @+k ®
carbapenem-resistant Klebsiella pneumoniae complex among

patients from different global regions (CRACKLE-2):

a prospective, multicentre, cohort study

Minggui Wang, Michelle Earley, Liang Chen, Blake M Hanson, Yunsong Yu, Zhengyin Liu, Soraya Salcedo, Eric Cober, Lanjuan Li, Souha SKanj
Hainv Gao, Jose M Munita, Karen Ordofiez, Greg Weston, Michael | Satlin, Sandra L Valderrama-Beltrdn, Kalisvar Marimuthu, Martin E Stryjewski
Lauren Komarow, Courtney Luterbach, Steve H Marshall, Susan D Rudin, Claudia Manca, David L Paterson, Jinnethe Reyes, MariaV Villegas,
Scott Evans, Carol Hill, Rebekka Arias, Keri Baum, Bettina C Fries, Yohei Doi, Robin Patel, Barry N Kreiswirth, Robert A Bonoma, Henry F Chambers,
Vance G Fowler 1, Cesar A Arias, David van Duin, for the Multi-Drug Resistant Organism Network [nvestigators
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Global Heterogenous Epidemiology of
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Carbapenem-Resistant K. pneumoniae

China South America USA Australia, Lebanon, All infected Total (n=991) p value*
(Nn=485) (n=170) (n=284) and Singapore (Nn=52) patients (n=502)
Carbapenemases
Carbapenemase(s) present 473 (98%) 127 (75%) 249 (88%) 39 (75%) 443 (88%) 888 (90%) <(0-0001
bla,,., 454 (94%) 66 (39%) 124 (44%) 2 (4%) 324 (65%) 646 (65%) <0-0001
bla,,, o 51 (30%) 105 (37%) o 78 (16%) 156 (16%) <0-0001
Other bla,, £ 2 (<1%) 0 3 (1%) o 3 (1%) 5 (1%) 0-28
bla,,, , 8 (2%) 14 (8%) 6 (2%) 3 (6%) 16 (3%) 31 (3%) <0-0001
Other bla,,,, 5 4 (1%) 0 o 9 (17%) 7 (1%) 13 (1%) 0-15
bla,, .s o 0 7 (2%) 25 (48%) 10 (2%) 32 (3%) 0-0003
Other bla,,, .5 .. 3 (1%) 1 (1%) 7 (2%) 5 (10%) 8 (2%) 16 (2%) 0-053
Other|| 4 (1%) 3 (2%) 0 1 (2%) 4 (1%) 8 (1%) 0-10
Mo carbapenemase detected 12 (2%) 43 (25%) 35 (129%) 13 (25%) 59 (12%) 103 (10%)
China (n=246) 77 (31%) | | 84(34%) | 56 (23%) | 29 (12%)
South America (n=109) E A0 (A45%) E 11 (10%6) E 18 (17%%) i 31 (28%)
USA (n=130) I 53 (41%) 27 (21%) | 20 (15%) 30 (239%)
All (n—a85) | 179 (37%) 122 (25%) 94 (19%) 90 (19%)
o] 50 40 60 S0 100

Proportion of patients {94)
3 Alive with one event 3 Aldive with tevo or thiree events
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The Journal of Infectious Diseases
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An Analysis of the Epidemic of Klebsiella pneumoniae
Carbapenemase-Producing K. pneumoniae: Convergence of
Two Evolutionary Mechanisms Creates the “Perfect Storm”

Laura J. Rojas,>” George M. Weinstock,” Elsa De La Cadena,’®" Lorena Diaz,"" Rafael Rios," Blake M. Hanson,” Joseph S. Brown,? Purva Vats,?
Daniel S. Phillips,? Hoan Nguyen,? Kristine M. Hujer,'” Adriana Correa,'® Mark D. Adams,’ Federico Perez,'®” Erica Sodergren,? Apurva Narechania, ™
Paul J. Planet, ™" Maria V. Villegas,"™"" Robert. A. Bonomo,"3 and Cesar A. Arias!™-1

Rojas, LJ et al. J Infect Dis, 2017 31



OOOOOOO

Dissemination of KPC-2 in Colombia
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Dissemination of KPC-2 in Colombia

2005 - 2007
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e KPC-2

* This period coincides with the spread of

* blacryyIn the country

* Enterobacterales species carrying bla,pc.,
started to be identified (Citrobacter freundii)
and also P. aeruginosa, an unusual KPC

producer)

4 6 8 10 12 14 16 18 20 22 24

Frequency

Rojas, LJ et al. J Infect Dis, 2017, 33
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Capsular Diversity K. pneumoniae

iIn Colombia
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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 bla,y. », circulationamong K.
pneumoniae isolates with heterogeneous genetic backgrounds
between 2005 and 2007 was rapidly documented

* |In 2008 introduction of a CG258 isolate harboring Incl2 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 bla,p. 5 IS expanded simultaneously

35
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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 -
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