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Intended Learning Objectives

Specific objectives of this session:
1. Discuss typical distributions of AMR and (hyper)virulence genes in 

different K. pneumoniae clones 
a. Geographical/clonal trends of resistance to 3rd generation cephalosporins 

and carbapenems
2. Learn about AMR and virulence convergence 

a. What is convergence and how does it arise?
3. Demonstrate how Kleborate can be used to identify genomes of 

convergent isolates
4. Learn about prevalence of AMR and virulence convergence from 

public genome data
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Outline

This session consists of the following elements

1. Overview of typical AMR and (hyper)virulence gene distribution in 
different K. pneumoniae clones 

2. Trends of ESBL and carbapenemase distributions in different geographies 
and K. pneumoniae clones

3. Overview of AMR and virulence convergence
4. Application of Kleborate to detect potential convergent genomes
5. Global snapshot of AMR and virulence convergence from public genome 

data
6. Challenges around the lack of consensus definition of hypervirulence
7. Summary
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K. pneumoniae – two distinct public health threats

4

Healthcare-associated infections
• Classical Kp strains (cKp)
• Multi-drug resistance (MDR) 

from AMR plasmids
• Common MDR clones: ST258, 

ST147, ST307 etc.
• “Last-line” drug resistance: 

• 3rd generation cephalosporins 
(3GC)

• carbapenems Source: CDC 2013



3GC resistance in K. pneumoniae

5Wyres, Lam & Holt, Nature Reviews Microbiology 2020.



Carbapenem resistance in K. pneumoniae

6Wyres, Lam & Holt, Nature Reviews Microbiology 2020.



Carbapenem resistance in K. pneumoniae

7David et al, Nature Microbiology 2019.

EuSCAPE, 2013 – 2014



Carbapenem resistance in K. pneumoniae
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David et al, Nature Microbiology 2019.
Lam et al, Nature Communications 2021.

EuSCAPE, 2013 – 2014



K. pneumoniae – two distinct public health threats
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Community-acquired infections
• Often invasive, multiple body 

sites - distinct from cKp
infections

• “Hypervirulent” strains (hvKp)
• Common hvKp clones: 

ST23 > ST86 > ST65
• Virulence plasmids – iuc, iro, 

rmpADC, rmpA2

Healthcare-associated infections
• Classical Kp strains (cKp)
• Multi-drug resistance (MDR) 

from AMR plasmids
• Common MDR clones: ST258, 

ST147, ST307 etc.
• “Last-line” drug resistance: 

• carbapenems
• 3rd generation cephalosporins 

(3GC)



Hypervirulent K. pneumoniae
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• HvKp strains (e.g. ST23) 
initially and primarily observed 
in Asia

• Recent reports by WHO/ECDC 
demonstrate increased 
detection of ST23 outside of 
Asia



Wyres et al, PLoS Genetics 2019.

Distribution of AMR and virulence genes – typically 
segregated
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Wyres et al, PLoS Genetics 2019.

Distribution of AMR and virulence genes – typically 
segregated
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Wyres et al, PLoS Genetics 2019.

Distribution of AMR and virulence genes – typically 
segregated
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Convergence of AMR and virulence
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Convergence of AMR and virulence has happened
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MULTIDRUG RESISTANT Kp
(ST11 with KPC)

virulence plasmid
(+iuc, +rmpA2)



Convergence of AMR and virulence has happened, 
multiple times
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Detection of convergence with Kleborate
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Virulence score:

Resistance score:

Virulence score > 3

Presence of aerobactin, 
typically indicates presence 
of virulence plasmid
*iro, rmp not included in 
score

Use the scores as a way to quickly screen for potential convergent genomes 

Resistance score > 1

3rd gen cephalosporin or 
carbapenem resistance



Detection of convergence with Kleborate

18Lam et al, Nature Communications 2021

Screen of 14000 public genomes

N=601 convergent genomes (4.3%) 
based on virulence score ≥3, 
resistance score ≥1 

Number of genomes



Global snapshot of convergence events

19Data from Lam et al, Nature Communications 2021
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Global snapshot of convergence events

20Data from Lam et al, Nature Communications 2021
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Global snapshot of convergence events

21Data from Lam et al, Nature Communications 2021
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Global snapshot of convergence events
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Virulence plasmid acquisition

Last line drug resistance acquisition

Hypervirulent clones

MDR clones

Lam et al, Nature Communications 2021



Global snapshot of convergence events

23Lam et al, Nature Communications 2021



Global snapshot of convergence events - China

24Wang et al, Drug Resistance Updates 2024

N=3386 ST11 CRKp, 2006-2022

Clade A:
Global distribution
Various serotypes

Various carbapenemases

Clades B+C:
Predominantly KL47/OL101
98.3% KPC

Clade B: 43.8% with vir score >=4
Clade C: 24.7% with vir score >=4

Clades D+E:
Predominantly KL64/O2v1
98.1% KPC

Clade D:  5.3% iuc 1.6% iro 0.2% rmp 4.9% rmpA2
Clade E: 95.2% iuc 14.4% iro 71.1% rmp 91.6% rmpA2



Convergence of AMR and virulence
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CLINICAL SIGNIFICANCE???

HvKp
+ AMR plasmid

MDR Kp
+ virulence plasmid

same risk/
threat???



Convergence of AMR and virulence
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Yang, McNally & Zhong, 2025.

• No formal/consensus definition for hvKp
• The following features in various 

combinations have been used to define 
hvKp:
• String test
• Presence of virulence genes 
• Clinical evidence (infection type, mortality)
• Virulence in infection models



How to understand convergence?
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In the absence of a formal definition for hypervirulence, propose to define
convergence of hypervirulence and resistance as:

• Presence of a complete virulence plasmid with intact iuc, rmp, and iro in a MDR strain

Presence of partial virulence plasmid with iuc+rmpA2 in AMR clones is common, but 
these are likely not hypervirulent. 
More clinical research is needed to understand whether such strains are associated with: 

• increased clinical risk? (e.g. disease severity, metastasis, mortality) 
• increased dissemination risk? (e.g. increased colonization efficiency, or transmission 

efficiency/R0 in different patient groups)



In summary

• AMR (including 3GC and carbapenem resistance) and virulence remain 
largely segregated in the population i.e. detected in separate 
strains/clones

• However, convergence of AMR and virulence can occur due to the 
movement of mobile elements, and appear to be increasingly 
detected/reported  

• Kleborate can be used to identify potential convergent genomes – using 
virulence/resistance scores AND checking for presence of AMR and 
virulence genes (intact iuc+iro+rmp)

• Genome data demonstrates convergence in multiple clones: MDR strains 
with intact/deletion variants of the virulence plasmid dominate

• Lack of consensus definition of ‘hyper’virulence impacts interpretation of 
AMR+hypervirulence convergence 
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