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Klebsiella pneumoniae

" 2016 ASM Agar Art Contest
Cherry tree and flamingo:

Klebsiella pneumoniae (pink), Citrobacter freundii
(magenta to black), Salmonella Typhimurium (black),
Morganella morganii (brown)

Salmonella-Shigella agar



Klebsiella pneumoniae

Described in 1882 by Carl Friedlander
Enterobacterales

Gram-negative
Facoltative aerobic
capsula



Klebsiella pneumoniae

In Europe

>90,000 infections

>7,000 deaths annually
25% of the total disability-
: adjusted life years lost to
Anol Enidemsokanti IEERRRE multidrug-resistant (MDR)
ey facts | bacterial infections.

Thirty Europaan Union (EU) or European Economic Area (EEA) countries reported data for 2019 to the

European Antimicrebial Resistance Surveillance Nebwork {EARS-Net). Twenty-nine countries reporbed
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EARS-Met data for 2019 displayed wide variations in the cccurrence of anbimicrobial resistance (AMR)

across the ELWEEA depending on the bacterial species, antimicrobial group and geographical region.

The most commondy reported bacterial spedies was E colf (44.294), followed by 5. aurews (20.6%),

K. preumanize (11.3%), £ fGecals (6.8%), P, asruginasa (5.6%), 5 preumaniae (5.3%), £ fHeacium

(4.5%) and Acinetobacter species (1.7%).

LA In 2019, more than a third of the K.

combined resistance to ssveral antimicrobial groups was frequent. Resistance percentages were
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Carbapenem resistance was also common in £ seruginess and Acinefobactar species, and at higher
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isolates of £ faeciumin the EU/EEA, from 10.55 in 2015 to 18.3% in 2019 (EU/EEA population-

e DN groups was frequent.

was evident in the ELYEEA. In general, lower percentages of resistance were reported by countries in the
north of Eurape and higher percentages were reported by countries in the south and east of Europe.
However, for vancomycin-resistant £ fseciurn, no distindt geographical pattern was evidant.
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28.5% isolated from invasive carbapenem-resistant infections
e

Antimicrobial resistance [ Klebsiella pneumoniaeli  Carbapenemsli R - resistant isolates, percentage [i! 2019

Surveillance Atlas of Infectious Diseases

R - resistant isolates, percentage R - resistant isolates, percentage (%)

Region -

(%) 4
- I <1%
Austria 1.2
Belgium 1.1 1-<5%
Bulgaria 27.0 '] 5-<10%
Croatia 12.0
Il 10-<25%
Cyprus 13.3
Czechia 0.6 B o25-<s0%
Denmark 0.3 . 50-<75%
Estonia 0.0
) B -
Finland 0.4
France 1.0 D Mo data
Germany 0.9
Greece 58.3
Hungary 0.9
Iceland
Ireland 0.9
Italy 28.5
40 100
£
o 80
2 30
E
g
5 60
a
E 20 £
5
] 40
£
E
©
& 10
s 20
o
0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 0-4 5-18 19-64
Year R - resistant isolates proportion, by age

B tay



Klebsiella pneumoniae genome

* Typical K. pneumoniae genomes are ~5-6 Mbp
in size, encoding ~5,000-6,000 genes. About
1,700 genes are conserved in all members of
the species (core genes), while the rest are
variously present (accessory genes). The total
pan-genome (the sum of all core and
accessory genes) is extremely diverse



Phylogenetic analyses a
based on 1,000-2,000
genes show lineages
that differ from each
other by a nucleotide
divergence of less

than 0.5%.

These lineages are
referred to as clonal
groups (CG), and
typically referred to as

clones. " MDR
.O Not MDR ‘

Wyres, K.L., Lam, M.M.C. & Holt, K.E. Population genomics
of Klebsiella pneumoniae. Nat Rev Microbiol 18, 344-359
(2020)



1- Classic K. pneumoniae (cKp)

* cKp strains are typically associated with
nosocomial infections or urinary and lung
infections in patients who are subject to long
periods of hospitalization, suggesting that
some degree of immune deficiency is
necessary to cause a disease

e Resistance to cKp carbapenems (CR-Kp) is
considered a serious virulence factor as there
are few treatment options for treatment



2- Hypervirulent K. pneumoniae (hvKp)

* [nitially recognized in Asia, hvKp has emerged as the
leading cause of pyogenic abscesses to the liver

* hvKp is distinguished from cKp by its ability to
metastasize to distant sites, including the eyes, lungs,
and central nervous system

* hvKp is also implicated in extra-hepatic infections,
including septicemic bacteremia, pneumonia and soft
tissue infections

* HvKp strains demonstrate hypermucoviscosity. A
phenotypic feature that has become a rapid diagnostic
test for the recognition of hypervirulent strains



String test




Brief Funct Genomics, Volume 21, Issue 2, March 2022, Pages 63—77, https://doi.org/10.1093/bfgp/elab038

Important virulence determinants in classical and hypervirulent K. pneumoniae strains
responsible for establishing infection and successful survival inside the host.
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The variation in the oligosaccharide repeats underlies the LPS diversification
structurally and functionally.

Based on the composition of the sugar molecules, as many as nine O
antigens of K. pneumoniae have been identified.

In an example of two of the nine reported O antigens (O1 and 02), each
comprises galactans homopolymer, which is D-galactan | polysaccharides.
But the O1 antigens differ from the O2 antigens in that they have a D-
galactan Il cap structure and the capping of O antigens affects the
pathogenicity of the pathogen [43]. Klebsiella pneumoniae ST258 strains
were reported to predominantly express a diverse form of D-galactan |,
known as D-galactan Ill, which confers the bacteria’s enhanced survival in
host serum



Capsular biosynthesis cluster
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galF PAP2 wzi wza wzb wzc wzy wzx orfl2 orf13 wead gnd manCB or
gtg1 or wbaP rmIBADC

Current Opinion in Microbiology

All strains of K. pneumoniae produce an extracellular
polysaccharide capsule that represents a virulence factor and more
than 130 different types of capsules have been identified in

Klebsiella.

Conserved genes: galF, PAP2, wzi, wza, wzb and wzc, encode proteins
involved in capsule translocation

GND: glucose-6-phosphate dehydrogenase

ugd: UDP-glucose dehydrogenase

Variable region: encode proteins responsible for the polymerization
and assembly of specific subunits of the capsule determining the K-

type.
nucleotide sugar-dependent glycosyltransferases



Wzy-dependent pathway. Gram-negative
Steps 0—@ are conserved in both Gram-

and Gram+.

@ @ ~utophosphorylation/dephosphorylatio b Gram-positive

n of the polysaccharide copolymerase PCP- 3

2a/b (WbaP) proteins is required for %
extracellular polysaccharides (EPSs) S ”
production.

6 PGT phosphoglycosyltransferase may be Lo R
activated by transphosphorylation

Q The undecaprenyl pyrophosphate Und-
PP-linked repeat unit is synthesized by PGT
and other assembly enzymes.

6 Export via Wzx

6 Blockwise polymerization of Und-PP-
repeat units by Wzy.

ala)

In gram-positive bacteria, nascent EPS is
transferred to peptidoglycan assembly
intermediates and linked to the cell wall by
LCP activity (0) or potentially released by an
unknown mechanism (@).

In gram-negative bacteria, the nascent
polysaccharide is released by an unknown
mechanism into a translocation pathway
provided by the outer membrane
polysaccharide (OPX) and polysaccharide
copolymerase PCP-2a proteins (6).
Posttranslocation, the gram-negative EPS

remains associated with the cell surface or is

secreted into the environment. Whitfield, Samantha S. Wear, and Caitlin Sande Assembly of Bacterial
Capsular Polysaccharides and Exopolysaccharides
Annual Review of Microbiology
Vol. 74:521-543




Rcs‘é' Capsule regulation
Top o fomp ey

galF PAP2 wzi  wza wzb wzc wzy wzx orfl2 orf13 wead gnd manCBor  ugd
gtg1 or wbaP rmIBADC

Current Opinion in Microbiology

* Rcs complex signal transduction system includes RcsC (sensor kinase),
RcsD (histidine phosphotransferase), RcsB (response regulator), RcsA
(auxiliary protein), and RcsF (outer membrane lipoprotein).

* RcsB dimerizes with RcsA and binds the DNA sequence called RcsAB box
that activates capsule cluster expression

* RcsAB binds to promoter ahead of galF/ORF1



Hypervirulent K. pneumoniae (hvKp)
Genes linked to hypervirulence (hv-associated
genes)

Three siderophores

iroBCDN, iutA, iucABCD e ybt
salmochelin (iroBCDN),
aerobactin (iutA, iucABCD)
versiniabactin (ybt genes)

Two transcriptional regulators
rmpA, rmpAZ2

Localized on the virulence plasmid pLVPK, but in some
strains are on the chromosome as part of an ICE element



Hypervirulent K. pneumoniae (hvKp)

Hypermucoviscosity
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The Rmp regulators

RmpA and RmpA2

RmpA and RmpA?2 activate cps genes and activate the RmpA promoter
RpmA interacts with RcsB, substituting RcsA in the dimer

Fur which is a transcriptional regulator that responds to iron binds
upstream of the promoter of the rmpA gene and represses its expression

MarR-family regulators: KvrA
KvgAS and KvhAS two-component systems



Pool of Accessory Genes
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Studying one Klebsiella pneumoniae
clone: ST258 and its clonal complex

FIGURE 2

Xbal PFGE profiles of KPC-KP in combination with MLST results and KPC-type alleles, Italy, 15 May-30 June 2011 (n=204 )
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PFGE: pulsed-field gel electrophoresis; KPC-KP: KPC-type carbapenemase-producing Klebsiella pneumonige; MLST: multi-locus sequence
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DMNA size standards for PFGE profiles are indicated at the bottom. Distribution by centres of different PFGE-types is also indicated: 1: Milan; 2:
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Resistance mechanism
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David et al., 2019. Epidemic of carbapenem-resistant Klebsiella
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ST258

David et al., 2019. Epidemic of carbapenem-resistant Klebsiella
pneumoniae in Europe is driven by nosocomial spread nature

Nat Microbiol. 4:1919-1929
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http://dx.doi.org/10.1038/s41564-019-0492-8

two sequenced reference strains (NJST258 1 and NJST258 2) were genotyped as
ST258 clade Il strains,
the prototypic ST258 clade | strain (Kp1787) to use as a clade | reference genome.

(ST258 clade I)

Kp’\S

(ST442) (ST11)

(ST258 clade II)

0.2



Large ~1.1-Mbp recombination region in ST258

To elucidate the phylogenetic relationship among ST258, ST11,
and ST442 strains, a comparison of the genome sequences of six
closed Klebsiella pneumoniae strains has been performed
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Hypothesized evolutionary history in K. pneumoniae ST258 strains.
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To date, the particular virulence plasmid (pLVPK) has not been
detected in carbapenem-resistant K. pneumoniae strains of
the ST258 sequence type, which are endemic in the United
States and Europe, and only a single ST258 isolate has been
reported to carry hypervirulence-associated siderophores. To
explore whether the convergence of carbapenem resistance
with virulence is more widespread, and could potentially
involve alternative virulence mechanisms, we screened a
previously reported collection of 54 K. pneumoniae ST258
strains collected from US patients for hypercapsule production



22% (12/54) were hypomucoid and 4%
(2/54) were hypermucoid

the two hypermucoid isolates were
isolated from bloodstream infections
whereas hypomucoidity was significantly
associated with isolation from urinary
tract infections




We first considered the capsule-deficient strains.
As the capsule is thought to be essential for
infection, we were surprised to identify capsule-
deficient ST258 strains among the clinical urine

isolates, because such strains had been assumed
to be avirulent.



The 12 capsule-deficient ST258 isolates had 11 different mutations disrupting capsule-
biosynthesis genes. The mutations included large deletions of several core capsule
biosynthesis genes (wzi, wza, wzc) and, most commonly, insertion sequences (ISs) in wbaP
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We engineered a mutant strain to confirm that deletion of wbhaP
in the normal capsule-producing clinical strain UCI_38
(UCI_38AwbaP) did indeed abolish capsule production, which
could be restored by complementation with wbaP (Figs. 1b and
2a). Deletion of wbaP in two other clinical ST258 isolates
(BWH_36 and BWH_45) from different ST258 (clade 2)
subclades also abolished capsule production (Fig. 2a),
demonstrating that wbaP plays a similar role in K. pneumoniae
to that in E. coli.




We thus investigated the impact of capsule inactivation on phenotypes associated with UTls,
including biofilm formation and infection of bladder epithelial cells, features crucial for
uropathogenic E. coli to establish and persist in UTls. The engineered deletion strain
UCI_38AwbaP and the closely related hypocapsule clinical isolate UCI_37wbaP::IS both formed
more robust biofilms and invaded bladder epithelial cells more efficiently compared with wild-
type UCI_38, a normal capsule strain and the complemented; these same results were
recapitulated in wbaP deletion strains in two other ST258 strain backgrounds (BWH_36 and
BWH_45). Deletion of wbaP increased invasion and intracellular replication in LAMP1-positive
vacuoles and the capsule-deficient mutant forms more robust biofilms
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Deletion of wbaP increased invasion and intracellular replication in LAMP1-positive
vacuoles, and resulted in a tenfold larger intracellular bacterial reservoir for
UCI_38AwbaP mutants compared with the isogenic parent UCI_38, which persisted over

the course of 48 h.




two hypercapsule blood isolates revealed that they do not carry the capsule transcription
factors rmpA/A2 and the siderophore aerobactin,
they carry a single missense mutation in the wzc gene, resulting in a glycine-to-serine
substitution (Gly-565Ser). Wzc is required for high-level capsule polymerization in E. coli.
Episomal expression of the mutated wzc allele in UCI_38 confirmed that the Gly-565Ser
substitution conferred a hypercapsule, and that an additional Thr-567Ala mutation found in

BIDMC_32 suppressed hypercapsule formation.
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We thus searched all available ST258
clade 2 genomes in the National
Center for Biotechnology Information
(NCBI) RefSeq database for the
presence of non-

synonymous wzc mutations

and wbaP disruptions. Of 966
genomes, 95 strains (10%) harbored
mutations in the

same wzc and wbaP capsule genes
that we had observed in the original
ST258 collection.

The excess of non-synonymous
mutations versus synonymous
mutations in wzc (86.5% versus
13.5%), as well as the absence of
synonymous mutations in functional
motifs of wzc, pointed to the repeated
selection of wzc mutants. Indeed, we
found 20 wzc mutations (2.1%; Fig. 3)
that altered the same amino-acid
positions we had previously identified
as conferring hypercapsule production
(positions 565 and 74)
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https://www.nature.com/articles/s41591-020-0825-4#Fig3

Proposed model for the impact of capsule remodeling in catheter-associated UTls. Classic K.
pneumoniae strains are relatively resistant to phagocytosis during colonization of the
bladder, by establishing biofilms on catheters and bladder epithelium and by invading
bladder epithelial cells; the capsule, however, limits biofilm formation and invasion of
bladder epithelial cells, thereby restricting infection to a relative degree. Increasingly
virulent K. pneumoniae, which contain wzc mutations resulting in a phagocytosis resistance-
conferring hypercapsule, can disseminate more effectively, but are unable to form a biofilm
or invade bladder epithelial cells effectively.

Classical Increasingly virulent Uropersistent
dissemination persistence
Kidney

‘ . # Regular capsule

‘ Hypercapsule
e No capsule

Catheter



	Slide 1: Molecular phylogenesis of bacteria 
	Slide 2
	Slide 3
	Slide 4: Klebsiella pneumoniae
	Slide 5
	Slide 6
	Slide 7: Klebsiella pneumoniae genome
	Slide 8
	Slide 9: 1- Classic K. pneumoniae (cKp)  
	Slide 10: 2- Hypervirulent K. pneumoniae (hvKp)
	Slide 11: String test
	Slide 12: Important virulence determinants in classical and hypervirulent K. pneumoniae strains responsible for establishing infection and successful survival inside the host.
	Slide 13
	Slide 14
	Slide 15: Wzy-dependent pathway.  Steps ❶–❻ are conserved in both Gram- and Gram+.  ❶❷Autophosphorylation/dephosphorylation of the polysaccharide copolymerase PCP-2a/b (WbaP) proteins is required for extracellular polysaccharides (EPSs) production.  ❸ PGT
	Slide 16
	Slide 17: Hypervirulent K. pneumoniae (hvKp)
	Slide 18
	Slide 19: The Rmp regulators 
	Slide 20
	Slide 21: Studying one Klebsiella pneumoniae clone: ST258 and its clonal complex
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

