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Summary
In an urgent inquiry in ECDC’s Epidemic Intelligence Information System (EPIS) Antimicrobial Resistance and
Healthcare-Associated Infections (AMR-HAI) platform, Ireland reported the isolation of hypervirulent Klebsiella
pneumoniae (hvKp) ST23, from diagnostic samples and from rectal or faecal samples collected for the
surveillance of carriage of carbapenemase-producing Enterobacterales (CPE) since March 2019 with two
distinct geographical clusters as well as sporadic cases. Information on further hvKp ST23 isolates detected in
the European Union/European Economic Area (EU/EEA) were either found in public databases (n=26) or
submitted by National Reference Laboratories (NRLs) in reply to a data request to the European Antimicrobial
Resistance Genes Surveillance Network (EURGen-Net) (n=12). The analysis showed that several of the isolates
detected in EU/EEA countries after 2012 carried carbapenemase genes, most frequently blaOXA-48.
This emergence of K. pneumoniae isolates with combined hypervirulence and resistance to reserve antibiotics
such as carbapenems is of concern as, in contrast to ‘classic’ K. pneumoniae strains, hvKp strains are capable
of causing severe infections in healthy individuals, often complicated by dissemination to various body sites.
Previously, hvKp strains were primarily found in Asia, were mainly community-acquired, and were only rarely
resistant to antibiotics. However, recent reports point to increasing geographic distribution, healthcare
association and multidrug resistance. With the convergence of antimicrobial resistance and virulence in hvKp
strains, there is a possibility of potentially untreatable (difficult-to-treat) infections in previously healthy adults.
An even higher morbidity and mortality is to be expected if carbapenem-resistant hvKp strains spread in
healthcare settings and affect a vulnerable patient population. Although only few cases and clusters have been
reported in the EU/EEA to date, it is important to detect hvKp early and prevent further dissemination in
healthcare settings in EU/EEA countries to avoid the establishment of carbapenemase-producing hvKp as a
healthcare-associated pathogen similar to ‘classic’ carbapenemase-producing K. pneumoniae. The risk
associated with the further dissemination of carbapenemase-producing hvKp for the patient population in the
EU/EEA is currently considered to be moderate, but might become high in the future if hvKp ST23 is
established in healthcare settings. Further studies are needed to determine the prevalence of hvKp ST23 in the
EU/EEA.
Options for response include alerts to clinicians and clinical microbiology laboratories, the establishment of
sufficient laboratory capacity to detect hvKp isolates, and the submission of all suspected hvKp isolates (for
example, based on hypermucoviscosity and a positive string test) with or without additional antimicrobial
resistance to National Reference Laboratories (NRLs) for further analysis. Prospective data collection on hvKp,
including epidemiological data on cases and associated risk factors, would improve the understanding of
national spread and transmission routes and determine the need for further surveillance and control measures.
For further details, please refer to the ‘Options for response’ section below.
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Event background
Urgent inquiry and data request to EURGen-Net
On 17 November 2020, Ireland posted an urgent inquiry (UI) on the EPIS AMR-HAI platform reporting the
detection of hypervirulent Klebsiella pneumoniae (hvKp) ST23 isolates in Ireland since March 2019. These hvKp
ST23 isolates included isolates from clinical samples, e.g. blood cultures (n=2), liver abscess (n=2), urine (n=4),
wound swabs (n=1) as well as blaOXA-48-positive hvKp isolates from rectal or faecal samples collected for
surveillance of carriage of carbapenemase-producing Enterobacterales (CPE) (n=23). The isolates were initially
reported in EPIS AMR-HAI as carrying the following genes that are associated with hypervirulence: iroB, iroC, iroD,
iroN (salmochelin), iutA, iucB, iucC, iucD (aerobactin), and rmpA2 (hypermucoviscosity). Two geographically
distinct clusters were identified, as well as two additional sporadic cases. One of these sporadic cases was
associated with travel from North Africa. Prior to March 2019, K. pneumoniae ST23 isolates had not been reported
in the database of the relevant Irish National Reference Laboratory Service.
To gain more information on the potential spread of hvKp ST23 in the EU/EEA, ECDC requested the 37 National
Reference Laboratories (NRLs) participating in the European Antimicrobial Resistance Genes Surveillance Network
(EURGen-Net) to submit whole-genome sequencing (WGS) data from their collection on isolates of K. pneumoniae
ST23. WGS data and basic epidemiological data from K. pneumoniae ST23 isolates were submitted by Finland
(n=1), France (n=5), and Sweden (n=1), as well as for a subset of five representative isolates from Ireland.

Whole-genome sequencing analysis
Methodology
Raw reads were assembled using SPAdes and uploaded to Pathogenwatch for analysis. All genomes passed quality
control, with more than 95% of core genes detected. The file names of the assembled genomes were
pseudonymised using the country code and consecutive numbers. The submitted genomes were compared against
120 genomes of K. pneumoniae ST23 isolates available in Pathogenwatch after the removal of 20 isolates of nonhuman origin (a group of isolates isolated from horses in France in the 1980s and a group of environmental
isolates from a hospital outbreak in the United Kingdom (UK) in 2015) and complemented with 57 genomes of
isolates listed in the supplemental material of a recent study on the population genomics of the hvKp clonal group
23 [1]. A search with the National Centre for Biotechnology (NCBI) pathogen detection database [2] for closely
related isolates of human origin to the isolates submitted by the countries identified two additional isolates with
genomes already assembled in the public domain. A search for additional isolates included in scientific articles on
hvKp ST23 in European countries yielded another four genomes from three studies [3-5]. From the four
aforementioned genomes, one genome reported from a Russian study as being of ST23 was included although the
locus variant for rpoB was not found after genome assembly of the raw reads. HvKp isolates described in eight
other studies [6-13] were either already included, not subjected to WGS, or did not have a link to WGS data
available in the public domain.
All additional genomes were uploaded to Pathogenwatch. In total, 195 non-duplicate genomes were considered for
further analysis, including 183 from public databases and 12 submitted by the NRLs. A phylogenetic tree was
constructed using Pathogenwatch core genome SNPs [14]. Antimicrobial resistance genes, virulence genes (as well
as the derived virulence score), and capsule type genes were identified using Kleborate [15] and visualised using
Microreact [16]. Phenotypic information on hypermucoviscosity was not reported to ECDC for the submitted
genomes. In addition, carbapenem antimicrobial susceptibility testing (AST) results were not available to a
sufficient extent to conclude on phenotypic carbapenem resistance at the time of writing this assessment.

Results
The 183 genomes of K. pneumoniae ST23 isolates from the public databases originated from Asia (n=92), EU/EEA
countries (n=26), non-EU/EEA European countries (n=25), America (n=25), Oceania (n= 7), and Africa (n=5). For
three genomes, no information on the country of origin of the isolate was available. The 26 genomes from EU/EEA
isolates in the public domain were reported from Austria (n=1), Belgium (n=1), Czechia (n=3), Denmark (n=2),
Estonia (n=1), France (n=9), Germany (n=1), Italy (n=2), the Netherlands (n=1), Norway (n=4), and Spain
(n=1). Figure 1 shows the timeline for the K. pneumoniae ST23 isolates provided by countries for this analysis and
the data gathered from public domain, by year of isolation. Only 178 of 195 isolates with information on the year
of isolation could be included. For the remaining isolates, the year of isolation was not available (n=3) or only a
range of years was specified (n=14).
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Figure 1. Time distribution of hypervirulent Klebsiella pneum oniae (hvKp) ST23 isolates included in
this analysis, by continent and year (n=178)*†
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* Only isolates with available year of isolation are shown; † The time distribution illustrated above should not be interpreted as an
epidemic curve as it more likely that year-to-year variation is related to bias in detection and reporting than a reflection of true
temporal trends in incidence.

The earliest isolates included in this analysis were detected in 1996 in Asia (n=5) and Africa (n=1). The earliest
isolates from the EU/EEA were three human invasive isolates from 1997 detected in Belgium, the Netherlands, and
Spain, which were sequenced for an analysis of the population genomics of the hvKp clonal group 23 [1]. However,
the time distribution of isolates illustrated above should be interpreted with caution as the data might be biased by
increased access to WGS from 2002 onward. The time distribution should also not be interpreted as an epidemic
curve as it more likely that year-to-year variation is related to bias in detection and reporting than a reflection of
true temporal trends in incidence. For example, the lower numbers described above after 2016 might reflect a
delay until WGS data are made available in the public domain. Most of the EU/EEA isolates with the year of
isolation after 2018 are the isolates with the non-public data submitted by EU/EEA countries for this assessment.
Further analysis showed that the included 195 isolates belonged to two separate clades with a global main clade
(188 isolates) and a smaller more recent clade (seven isolates), which are shown in Figures 2 and 5, and described
in further detail below.
Figure 2. Main K1 ST23 clade with neighbouring relationships of hypervirulent Klebsiella pneum oniae
(hvKp) ST23 isolates submitted for this study (coloured by country) and from open-access databases
(grey) (n=188)
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M ain K 1 ST23 clade

Most of the hvKp ST23 isolates in this analysis belonged to one worldwide clade with capsule type 1 that included
isolates from five continents over a period of 24 years. This clade was composed of 188 isolates (99.4% of the
isolates in this analysis), of which 180 genomes were from the public domain. From these 188 isolates, 155
(82.4%) had a virulence score of 5 based on the presence of the genes encoding for yersiniabactin (ybt), colibactin
(clb) and aerobactin (iuc) as determined by Kleborate [15]. Eight of the genomes provided by France, Ireland, and
Sweden belonged to this main clade and were located in six distant positions throughout the phylogenetic tree
(Figure 2) and were not closely clustered (within 30 core genome SNPs) with any of the other included isolates.
Table 1 shows that, according to the nearest related isolates, hvKp ST23 isolates detected in the EU/EEA are linked
to diverse geographic regions, including North America, the Middle East, Asia, Russia, and Africa, as well as other
EU/EEA countries.
Table 1. Main clade of hypervirulent Klebsiella pneum oniae (hvKp) ST23: description of isolates
submitted for this analysis and nearest related isolates from the public domain
Isolates submitted for this study

Nearest related isolates from the public domain

Isolate no.

Origin,
year of
isolation

CP
gene

Virulence
score

hvKP23_IR004*

Ireland, 2020

None

hvKP23_FR001
hvKP23_FR004

France, 2019
France, 2019

hvKP23_IR003

Ireland, 2020

SNP
distance

Isolate no.

Origin,
year of isolation

CP
gene

Virulence
score

5

ERR560523
ERR560521
ERR562357

Madagascar, 2007
Madagascar, 2007
France, 2011

None
None
None

5
5
5

61

blaOXA-48
blaOXA-48

5
5

SRR5713912
SRR5713916

Spain, 1997
Belgium, 1997

None
None

5
2

35-41

blaOXA-48

5

EuSCAPE_IT149
ERR3164635
SRR5082371
SRR4036807

Italy, 2014
Italy, 2016
Singapore, UNK
United States,
2012

None

40-81

None
None

5
5
5
5

blaVIM-1

hvKP23_IR001

Ireland, 2020

blaOXA-48

5

ERR3891219
ERR3891099
SRR5082357

Saudi Arabia, 2018
Saudi Arabia, 2018
Singapore, UNK

None
None
None

5
5
5

29-31

hvKP23_SW001

Sweden, 2019

None

5

SRR9208897
SRR9208904
SRR5432530
SRR12102923

Russia,
Russia,
Russia,
Russia,

None
None
None
None

5
5
5
5

53-82

hvKP23_IR002
hvKP23_IR005

Ireland, 2020
Ireland, 2020

blaOXA-48
blaOXA-48

5
5

ERR2586422

Vietnam, 2012

None

5

70-71

2013
2015
2003
2017

CP, carbapenamase; UNK, unknown.* patient with a travel history to Morocco in the previous year

Carbapenem ase genes

HvKp ST23 isolates have previously been largely susceptible to antibiotics [1]. In this analysis, carbapenemase
genes were found in 35 (20.5%) of 171 hvKp ST23 isolates with available date of isolation from the main clade
(Figure 3). The first carbapenemase-producing hvKp ST23 isolate in the main clade was isolated in 2012 in Russia
(SRR9208900, isolated from sputum). In the following years, hvKp ST23 isolates carrying carbapenemase genes
were observed in the main K1 ST23 clade, including isolates carrying KPC-2, NDM-1, OXA-48, OXA-232 and VIM-1.
In the EU/EEA, the first hvKp ST23 isolate with a carbapenemase gene (blaOXA-48) in this dataset was detected in
2012 in an isolate from Germany that was described as being part of an outbreak [8]. Only OXA-48 and VIM-1
were detected in EU/EEA isolates in the main clade (Figure 4).
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Figure 3. Number of hypervirulent K. pneum oniae (hvKp) ST23 isolates with and without
carbapenemase genes in the main clade, worldwide, n=171*†
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* Only isolates with available year of isolation are shown; † The time distribution illustrated above should not be interpreted as
an epidemic curve as it more likely that year-to-year variation is related to bias in detection and reporting than a reflection of true
temporal trends in incidence.

Figure 4. Number of hypervirulent K. pneum oniae (hvKp) ST23 isolates with and without
carbapenemase genes in the main clade, EU/EEA, n=33*†
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* one isolate with missing year of isolation was excluded; † The time distribution illustrated above should not be interpreted as
an epidemic curve as it more likely that year-to-year variation is related to bias in detection and reporting than a reflection of true
temporal trends in incidence.

Separate K 57 ST23 clade

Four isolates submitted by EU/EEA countries for this analysis belonged to a separate clade with distinct
characteristics in comparison to the main K1 ST23 clade described above. Despite sharing with ST23 the same
sequence type by 7-locus MLST, this clade is otherwise highly distant from the main K1 ST23 lineage for which
hypervirulence, clinical presentation, and outcomes have been described in detail. It is therefore not possible to
assume that this clade has the same clinical relevance as K1 ST23. However, it is also carrying a virulence plasmid,
making it potentially hypervirulent and ‘high-risk’ due to the frequent combination with carbapenemase genes.
While hvKp clonal group 23 is normally associated with the serum-resistant K1 capsule [1] and this is the capsule
type of all isolates except one in the main clade in this dataset, the isolates in this separate clade have different
capsule synthesis loci (KL57 or KL107). KL57 has previously been described as associated with hypervirulence [17].
In addition, these isolates have a virulence score of 4, i.e. presence of the genes encoding for aerobactin (iuc) and
yersiniabactin (ybt), but absence of the gene encoding for colibactin (clb). There are multiple further differences in
the genetic characteristics between the K1 ST23 and the distant K57 ST23 clade, and it would therefore be
important to reliably differentiate these two clades. So far, these clades can be differentiated by clustering by
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WGS, but assignment of a core genome ST for the new clade is pending. In addition, further studies to better
describe this clade may be are warranted.
While isolates of the main K1 ST23 clade in this dataset were detected as early as 1996, the isolates of this
separate clade only appear from 2014 onwards in Russia and from 2019 onwards in the EU/EEA (Figures 5 and 6).
Figure 5. Separate clade with neighbouring relationships of hypervirulent Klebsiella pneum oniae
(hvKp) ST23 isolates submitted for this study (coloured by country) and from open-access databases
(grey) (n=7)

The isolate from Finland in 2019 and three isolates from France from 2019 (n=2) and 2020 (n=1) were related
(28-56 SNPs) to an isolate from Russia (SRR7181964, local code KP254) in February 2016 submitted from the I.N.
Blokhina Research Institute of Epidemiology and Microbiology in Nizhny Novgorod (400 km east of Moscow) and
described as isolated from the site of inflammation in an adult male patient in the related entry in the European
Nucleotide Archive. Two additional clinical isolates from Russia in 2014 and 2017 were identified via NCBI Pathogen
Detection as closely related (18-19 SNPs) to isolate KP254 from Russia (Table 2). The three isolates from Russia
predate the detection of the isolates from this clade in the EU/EEA from 2019 onwards (Figure 6A, Table 2). HvKp
ST23 isolates of this separate clade, co-carrying blaNDM-1 and blaKPC-2 were also isolated in Poland in 2018 in a
single hospital and are currently studied in more detail (data not shown).
Figure 6. Number of cases of hypervirulent K. pneum oniae (hvKp) ST23 isolates in the separate
clade, (A) by country and (B) presence of carbapenemase (n=7)
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Table 2. Separate clade of hypervirulent Klebsiella pneum oniae (hvKp) ST23: description of isolates
submitted for this analysis and nearest related isolates from the public domain
Isolates submitted for this study
Isolate no.

Origin,
year of
isolation

hvKP23_FI001
hvKP23_FR002

Finland, 2019
France, 2019

hvKP23_FR003

France, 2019

hvKP23_FR005

France, 2020

Nearest related isolates from the public domain

CP
genes

Virulence
score

Isolate no.

Origin,
year of
isolation

CP
genes

Virulence
score

SNP
distance

blaOXA-48
blaNDM-1
blaOXA-48
blaOXA-48

4
4

SRS7484649
SRR7181964*

Russia, 2014
Russia, 2016

None
None

4
4

10-66

4

CriePir108

Russia, 2017

None

4

4

CP, carbapenemase. *local code KP254

Carbapenem ase genes

Isolate SRR7181964 (local code: KP254) did not carry any carbapenemase gene, but was described as
phenotypically resistant to carbapenems in a related publication [18]. In contrast to the three isolates from Russia,
all isolates from the EU/EEA in this separate clade carried carbapenemase genes, either blaOXA-48 for isolates
hvKP23_FI001, hvKP23_FR003 and hvKP23_FR005, or blaNDM-1 for isolate hvKP23_FR002 (Table 2, Figure 6B). Cocarriage of NDM and KPC was detected in additional hvKp isolates in this clade detected in Poland in 2018 (not
included in the table). All isolates in this cluster were also positive for the extended-spectrum beta-lactamase gene
blaCTX-M-55, including the three isolates from Russia.

Disease background
Hypervirulent K. pneum oniae
HvKp is a clinically significant pathogen causing invasive infections such as pneumonia or lung abscess, but is
primarily associated with hepatic abscesses in both healthy and immunocompromised individuals [19]. HvKp from
these severe pyogenic liver abscesses often spread to distant sites, leading to meningitis, necrotising fasciitis, and
endophthalmitis [20]. In addition, a case report from Australia described multi-focal osteomyelitis in a previously
healthy 20-year-old man, which is a rare complication of hvKp. Notably, hvKp life-threatening infections frequently
occur in young and healthy individuals and are associated with high morbidity and mortality, mainly due to high
invasiveness of hvKp and rapid progression of disease. A significant number of hvKp infections are communityacquired, suggesting that hvKp strains circulate among healthy individuals. The first reports of hvKp were from
Taiwan and Southeast Asia in the mid-1980s and 1990s. HvKp is considered to be the main cause of liver
abscesses in Hong Kong (China), Singapore, South Korea, and Taiwan. In 10 Chinese cities, an average of 37.8%
of K. pneumoniae isolates causing healthcare-associated infections were found to be hvKp, with the highest rate
(73.9%) in Wuhan [21].
Reports from other geographic regions indicate worldwide spread, even though the prevalence is still relatively low
[20,22]. Sporadic cases of liver abscess due to hvKp have been reported from Europe as well as Canada and the
United States (US), often connected with travel or migration [7,23-27]. In a Canadian study of K. pneumoniae
isolates causing community-acquired bacteraemia in the Calgary area, 10 (8.2%) of 134 isolates showed a
hypermucoviscous phenotype [28]. In a US study of K. pneumoniae bloodstream isolates from two hospitals in
Houston, Texas, four (6.3%) of 64 isolates carried at least one of the virulence genes rmpA and magA [29].
Screening of patients in a New York City hospital detected multiple strains of hvKp acquired within the community,
leading the authors to conclude that several clones of the hvKp are established in New York City [30]. Data on the
prevalence of hvKp infections in the EU/EEA is scarce. In a study of bacteraemia caused by hvKp in a teaching
hospital in Barcelona (Spain) for the period 2007-2013, 1.8% of cases were found to be hvKp ST23 [10].

Emergence of hvKP carrying carbapenemase genes
Carbapenem resistance has previously been rare in hvKp ST23 isolates. However, Figure 3 shows that, since 2012,
the combination of virulence and resistance genes has occurred with increasing frequency in hvKp ST23. The
combination of virulence and carbapenem resistance genes on the same plasmid as described in the literature is
especially of concern, as this allows for the simultaneous acquisition of virulence and resistance genes. In 2013, a
Chinese study detected K. pneumoniae ST23 carrying a blaKPC-2-encoding element integrated into a virulence
plasmid [31]. Researchers from the UK also described virulence plasmids in healthcare-associated isolates of
various ‘high-risk’ sequence types (e.g. ST15, ST101, and ST147) that carried carbapenemase genes [32]. More
specifically, a New-Delhi-Metallo-beta-lactamase (NDM)-producing hypervirulent K. pneumoniae ST23 was isolated
in a patient of Bangladeshi origin hospitalised in London (UK) [33]. Hypervirulent strains of carbapenemaseproducing K. pneumoniae ST23 have been also described in Argentina [34]. In a recent report from India, a
neonate was infected with an OXA-232-producing hvKp ST23 K1 strain causing neonatal sepsis [35].

7

RAPID RISK ASSESSMENT

Emergence of hypervirulent Klebsiella pneum oniae ST23 carrying carbapenemase genes in the EU/EEA

Risk assessment questions

What is the risk associated with the dissemination of carbapenemase-producing hvKp of sequence type (ST) 23
and other STs in the EU/EEA?

ECDC risk assessment for the EU/EEA
Extended disease spectrum
Due to its increased virulence, hvKp causes a different spectrum of disease than the ‘classic’ K. pneumoniae
infections known to clinicians in EU/EEA countries. While ‘classic’ K. pneumoniae is an opportunistic pathogen
typically affecting vulnerable patients with comorbid conditions in healthcare facilities, hvKp has the ability to cause
infections in previously healthy individuals in the community [17]. In the Asian countries where it is endemic, hvKp
has emerged as a frequent cause of pyogenic liver abscess, community-acquired pneumonia (CAP), and
community-acquired meningitis, while these types of infections are non-existent or rare with ‘classic’ K.
pneumoniae [17]. In endemic countries, hvKp is not only a major cause of the above-mentioned infections, it is
also driving an increasing incidence of pyogenic liver abscesses. There is also some evidence that, in areas where
hvKp is endemic, K. pneumoniae partially replaces other frequently associated pathogens such as Streptococcus
pneumoniae as a cause of community-acquired pneumonia [36,37]. Other than ‘classic’ K. pneumoniae infection,
hvKp infection often presents at multiples sites and with metastatic spread [17]. It is therefore expected that an
increased frequency of hvKp infections in the EU/EEA would result in increased morbidity.

Mortality of healthcare-associated hvKp
Hospital outbreaks of carbapenem-resistant hvKp have been associated with very high mortality [38-40]. In an
outbreak of ventilator-associated pneumonia (VAP) caused by KPC-2-producing hvKp ST11 in a Chinese hospital, all
five affected patients died of severe lung infection, multi-organ failure or septic shock [38]. Similarly, in an
outbreak of KPC-2 producing hvKp ST11 in an intensive care unit (ICU) in Wenzhou, China, all eight affected
patients, with an age range of 13 to 69 years, died of respiratory and multi-organ failure and septic shock. In an
outbreak of VIM-2 producing hvKp ST23 among mechanically ventilated patients in an Iranian ICU, four out of five
patients with hvKp ST23 died compared to none out of 48 patients with VAP with ‘classic’ K. pneumoniae [40]. In a
study from Eastern China, KPC-2 producing hvKp meningitis resulted in the death of all 15 affected patients, a
majority of whom had prior neurosurgical conditions [39]. In the US, mortality of hvKp has been shown to be
higher than that of ‘classic’ K. pneumoniae infections and of multidrug-resistant ‘classic’ K. pneumoniae infections
[30]. While mortality of severe infections of ‘classic’ carbapenemase-producing K. pneumoniae is already high, with
reported mortality rates between 30 and 75% [41], mortality seems to be even higher in healthcare-associated
hvKp infections, although only limited data are currently available in this respect.

Resistance pattern
According to the literature, as well as shown in our analysis, various carbapenemase genes have in recent years
been detected in hvKp isolates, including OXA-48-like carbapenemases, KPC, NDM, and VIM. Tables 1 and 2 show
that the nearest related isolates to EU/EEA isolates analysed for this rapid risk assessment are mainly isolates
without carbapenemase genes, indicating that carbapenemase acquisition has most likely occurred independently,
on various occasions, and probably by acquisition of resistance plasmids. The isolates from the EU/EEA in the main
K1 ST23 clade had mainly acquired the OXA-48 carbapenemase that often results in low-level carbapenem
resistance. Nevertheless, carbapenem treatment failures when treating infections with OXA-48-producing bacteria
have been described, as well as, in animal models, a lack of activity of carbapenems against OXA-48-producing
Enterobacterales despite in vitro susceptibility to carbapenems [42].
In addition, colistin-resistant hvKp ST23 strains and ceftazidime-avibactam-resistant hvKp ST23 strains have been
described in the literature [43,44]. An extensively drug-resistant hvKp ST23 isolate was very recently reported from
Spain [45]. These reports indicate that hvKp ST23 infections may become increasingly difficult to treat.

Frequency of detection in the EU/EEA
Reports of hypervirulent and carbapenemase-producing K. pneumoniae ST23 detected in the EU/EEA have so far
been rare. The first carbapenemase-producing hvKp isolate with genomic data in the public domain was a OXA-48producing hvKp ST23 isolate from Germany in 2012, with no further information on the clinical or patient history
[8]. An NDM-producing hvKp ST23 was detected in a women of Bangladeshi origin in the UK in 2015 [33]. Thirtyeight genomes from hvKp ST23 isolates detected in the EU/EEA were analysed for this rapid risk assessment. Many
of the isolates detected in EU/EEA countries in the last two years carried carbapenemase genes, mainly blaOXA-48.
However, the increasing frequency of detection could also be explained by increased laboratory capacity for
molecular testing and an increased likelihood for detecting hvKp carrying carbapenemase genes with screening of
patients targeted towards carbapenem-resistant Enterobacterales.
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There is a high likelihood that hvKp are currently underdetected in the EU/EEA. As detection of hypervirulence
genes is not part of diagnostic microbiology routines, hvKp may go unnoticed, unless suspected by clinicians aware
of the clinical picture from descriptions in the scientific literature and the isolates are then referred for
characterisation. The clinical presentation and extended disease spectrum of hvKp has not yet been encountered
by many clinicians in EU/EEA countries. In addition, a presumptive clinical diagnosis would depend on the
presentation of typical clinical features of a community-onset infection. This clinical picture might differ in
vulnerable patients in healthcare settings, likely making the clinical diagnosis of healthcare-associated hvKp
impossible. Phenotypic tests such as the string test for hypermucoviscosity have a low sensitivity [30], and whole
genome sequencing would be needed for the reliable identification of hypervirulence genes. While many
laboratories have the capacity for molecular identification of frequent carbapenem resistance genes with in-house
or commercial molecular tests, the identification of virulence genes is not part of standard diagnostics in these
laboratories. Increased carbapenem resistance in hvKp might lead to the more frequent identification of hvKp
isolates detected with patient screening procedures focused on carbapenem-resistant Enterobacterales. However,
hypervirulence would still only be detected if there is high national WGS coverage of carbapenem-resistant K.
pneumoniae with systematic analysis of virulence genes, or further investigation of sequences types associated
with hypervirulence, such as ST23.

Potential routes of spread
Transmission in community
While the transmission of carbapenem-resistant ‘classic’ K. pneumoniae strains is driven largely by spread in
healthcare settings [46], hvKp ST23 was initially described mainly as the causative agent of community-associated
infections. Based on Enterobacterales in general, hvKp acquisition could potentially occur via contaminated food or
water, person-to-person transmission in close contacts, such as family members, as well as zoonotic transmission
[17]. In general, hvKp colonises the gut flora of healthy individuals, and can spread further via the faecal-oral
route [47]. Contamination of a food sample (cucumber) with hvKp ST23 carrying blaKPC-2 has been described in
China [48]. In some areas in Asia, there is a high prevalence of hvKp carriage in the population, with a high
probability of transmission if hygiene and prevention measures are not consistently applied. However, it is unlikely
that the probability of transmission in the community in the EU/EEA can be inferred from examples from other
geographical areas with different climatic, environmental, and living conditions.
As hvKp can also be found in the environment, this might affect prevalence in the overall population and therefore
the subsequent risk of further transmission in the community; however, the exact role of environmental factors is
currently unknown [49]. The main reservoir for human infection with hvKp remains the patient’s own gut flora
[47]. In the community, transmission of Enterobacterales, including multidrug-resistant and hypervirulent K.
pneumoniae, likely results in silent transient or persistent gut colonisation in most cases, with only a minority of
acquisitions resulting in clinical presentation of infection. The frequency with which infection develops is currently
unclear. In the absence of studies of to assess for carriage, it is not possible assess the extent to which hvKp is
present in the EU/EEA population. Similarly to healthcare settings, clinical diagnosis and detection of hvKp in the
community is challenging and will ultimately require molecular testing for reliable identification. In practice,
detection of cases in the community will in most cases depend on the recognition of clinical features of a typical
community-onset hvKp infection when patients seek healthcare.

Transmission in healthcare settings
A shift from community-acquired infections to also healthcare-associated infections seems to have already occurred
in areas where hvKp is endemic, e.g. in Asia. A recent report from China indicates that hvKp may have started to
replace the ‘classic’ non-hypervirulent K. pneumoniae strains in healthcare settings [50]. This, as well as various
outbreaks reported from China, Iran, and Russia [38-40,51], indicates that carbapenemase-producing hvKp has the
capacity to establish itself as a healthcare-associated pathogen in a similar way as the carbapenem-resistant
‘classic’ K. pneumoniae clones that are already spreading in healthcare settings in many EU/EEA countries [41].
While the common risk factors for ‘classic’ multidrug-resistant K .pneumoniae infections include intensive care,
critical illness, and invasive devices [52,53], the patient population at risk for hvKp infections will be much larger
than these well-known high-risk groups. In addition, hypervirulence genes are now also being acquired by ‘classic’
MDR high-risk clones of K. pneumoniae, which are known to transmit efficiently in healthcare settings.
Some of the isolates submitted from the countries for this analysis were closely related, indicating recent
transmission. Healthcare-associated clusters were reported by Ireland in EPIS AMR-HAI and by Germany in a
published article [8]. Poland reported that hvKp ST23 isolates of the separate clade co-producing NDM- and KPC
carbapenemases were isolated in 2018 in one single hospital (personal communication). There is thus evidence,
albeit currently very limited, that cross-border transmission of hvKp ST23 as well as transmission within countries is
already occurring in the EU/EEA. In addition, an outbreak of carbapenemase-producing hvKp ST23 has been
reported from an immediately adjacent country such as Russia [51].
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Risk of further spread
There is currently a lack of data on the prevalence of hvKp ST23 in the community and healthcare settings in the
EU/EEA, thus limiting the confidence with which the risk can be assessed. The prevalence of hvKp in the EU/EEA is
likely still low; however, the difficulties with detection of hvKp might allow transmission in healthcare settings to go
unnoticed. This is especially relevant in healthcare settings where infection prevention and control guidelines are
not strictly followed and may result in spread within and between facilities. While the probability of sustained
community transmission in the EU/EEA is considered to be currently low, there does remain a possibility for further
introductions of hvKp from the community into healthcare settings with subsequent spread within healthcare
settings if the capability for early detection is not in place. There is a high probability that hvKp can spread further
in healthcare settings in EU/EEA countries, in analogy to the dissemination of carbapenemase-producing ‘classic’ K.
pneumoniae and other carbapenem-resistant Enterobacterales that rapidly disseminated within and between
healthcare settings in the EU/EEA in recent years [46,54]. In addition, the ‘classic’ K. pneumoniae have also been
shown to acquire hypervirulence genes. As described above, a high impact on the patient population in terms of
morbidity and mortality could be expected. The risk associated with the further dissemination of
carbapenemase-producing hvKp for the patient population in the EU/EEA is therefore currently
considered to be moderate, but might become high in the future if hvKp ST23 is established in
healthcare settings. Further studies to determine the prevalence of hvKp ST23 in the EU/EEA are needed.

Options for response
Awareness and laboratory capacity to identify hvKP
The institution of control measures will depend on early and reliable identification of hvKp in clinical settings and
for national surveillance. There is therefore a need for clinical and public health awareness and laboratory capacity
for the detection of hvKp throughout the EU/EEA. Reliable identification of hvKp currently requires molecular
testing. NRLs will therefore need the capacity to detect and analyse relevant virulence genes in addition to
resistance genes. Depending on the frequency with which hvKp is detected at national level, there may also be the
need for capacity for detection of virulence markers in clinical laboratories as identification of hypervirulence might
provide valuable information for clinical management of patients with hvKp infections. Effective methods and
strategies to screen for hypervirulence in the routine diagnostic laboratory would then need to be developed.
As the extended disease spectrum of hvKp has to date rarely been encountered in EU/EEA countries, it is also
advisable to raise awareness among clinicians and diagnostic laboratory services to suspect hvKp infections based
on the typical picture of community-acquired hvKp infections, unusual metastatic spread of K. pneumoniae
infections, or clusters of healthcare-associated K. pneumoniae infections with increased severity and mortality.
Early communication of clinicians with the laboratory staff to request testing for hypervirulence in K. pneumoniae
infections with signs of increased virulence and antimicrobial resistance is vital. However, there would also be the
need to change from the currently nearly exclusive focus on antimicrobial resistance to include other, potentially
equally dangerous, characteristics of bacteria, such as enhanced virulence into diagnostics and clinical decisionmaking.

Prospective data collection and surveillance
Testing of K. pneumoniae isolates for hypervirulence genes and the systematic collection of hvKp isolates at the
NRLs would improve the understanding of the extent of national spread, as well as provide data for assessment on
EU/EEA level. If capacity for large-scale WGS coverage at the national level is not available, smaller studies of
virulence genes in subsets of invasive isolates might provide an opportunity to gather data on the prevalence of
hvKp infections. If there is evidence of dissemination of hvKp, surveillance systems may need to include options for
tracking virulence in addition to resistance markers.

Infection prevention and control measures
There is a lack of data on the effectiveness on infection prevention and control (IPC) measures specifically for
hvKp. Enhanced IPC control measures for carbapenem-resistant hvKp should therefore be applied in both acute
care and long-term care facilities, in analogy to enhanced control measures for carbapenem-resistant ‘classic’ K.
pneumoniae. Effective infection control measures to prevent the spread of carbapenemase-producing
Enterobacteriaceae, the application of which may be implemented according to the epidemiological situation, as
described in more detail in ECDC’s Rapid Risk Assessment on ‘Carbapenem-Resistant Enterobacteriaceae – second
update’, include:
•
•
•

early implementation of active patient surveillance through rectal screening for carbapenem-resistant
Enterobacterales (CRE) carriage on hospital admission, or admission to specific wards/units, and during outbreaks
(of note, there is currently no established screening method specifically for hvKp);
pre-emptive implementation of contact precautions, including isolation on admission;
hand hygiene;

10

RAPID RISK ASSESSMENT

•
•
•
•
•
•
•

Emergence of hypervirulent Klebsiella pneum oniae ST23 carrying carbapenemase genes in the EU/EEA

patient isolation in a single room (preferably with their own toilet facilities) when available;
When single-patient rooms are in short supply, patients should be cohorted in the same room(s) or ward, and
dedicated staff and medical equipment should be ensured;
environmental cleaning of the immediate surrounding area (that is, the ‘patient zone’) of patients;
IPC training of staff;
case notification/flagging;
contact tracing; and
antibiotic restriction.

For details on control measures for CRE in general, please refer to ECDC’s guidance on IPC measures and tools for
the prevention of the entry of carbapenem-resistant Enterobacteriaceae into healthcare systems [55], ECDC’s
Rapid Risk Assessment on Carbapenem-resistant Enterobacteriaceae – second update, 26 September 2019 [41],
WHO’s guidelines for the prevention and control of carbapenem-resistant Enterobacteriaceae, Acinetobacter
baumannii and Pseudomonas aeruginosa in healthcare facilities [56] and WHO’s implementation manual to prevent
and control the spread of carbapenem-resistant organisms at the national and healthcare facility level: interim
practical manual supporting implementation of the guidelines for the prevention and control of carbapenemresistant Enterobacteriaceae, Acinetobacter baumannii and Pseudomonas aeruginosa in healthcare facilities [57].
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Disclaimer

ECDC issues this risk assessment document based on an internal decision and in accordance with Article 10 of Decision
No 1082/13/EC and Article 7(1) of Regulation (EC) No 851/2004 establishing a European centre for disease prevention
and control (ECDC). In the framework of ECDC’s mandate, the specific purpose of an ECDC risk assessment is to present
different options on a certain matter. The responsibility on the choice of which option to pursue and which actions to
take, including the adoption of mandatory rules or guidelines, lies exclusively with the EU/EEA Member States. In its
activities, ECDC strives to ensure its independence, high scientific quality, transparency and efficiency.
This report was written with the coordination and assistance of an Internal Response Team at the European Centre for
Disease Prevention and Control. All data published in this risk assessment are correct to the best of our knowledge at the
time of publication. Maps and figures published do not represent a statement on the part of ECDC or its partners on the
legal or border status of the countries and territories shown.

11

RAPID RISK ASSESSMENT

Emergence of hypervirulent Klebsiella pneum oniae ST23 carrying carbapenemase genes in the EU/EEA

References
1.

Lam MMC, Wyres KL, Duchene S, Wick RR, Judd LM, Gan YH, et al. Population genomics of hypervirulent
Klebsiella pneumoniae clonal-group 23 reveals early emergence and rapid global dissemination. Nature
communications. 2018 Jul 13;9(1):2703.

2.

National Centre for Biotechnology Information. NCBI Pathogen Dectection Bethesda, US: NCBI; 2021.
Available at: https://www.ncbi.nlm.nih.gov/pathogens

3.

Baron SA, Pascale LM, Million M, Briantais A, Durand JM, Hadjadj L, et al. Whole genome sequencing to
decipher the virulence phenotype of hypervirulent Klebsiella pneumoniae responsible for liver abscess,
Marseille, France. Eur J Clin Microbiol Infect Dis. 2020 Nov 12.

4.

Lev AI, Astashkin EI, Kislichkina AA, Solovieva EV, Kombarova TI, Korobova OV, et al. Comparative analysis of
Klebsiella pneumoniae strains isolated in 2012-2016 that differ by antibiotic resistance genes and virulence
genes profiles. Pathogens and global health. 2018 May;112(3):142-51.

5.

Turton JF, Payne Z, Coward A, Hopkins KL, Turton JA, Doumith M, et al. Virulence genes in isolates of
Klebsiella pneumoniae from the UK during 2016, including among carbapenemase gene-positive hypervirulent
K1-ST23 and 'non-hypervirulent' types ST147, ST15 and ST383. J Med Microbiol. 2018 Jan;67(1):118-28.

6.

Shamina OV, Kryzhanovskaya OA, Lazareva AV, Alyabieva NM, Polikarpova SV, Karaseva OV, et al.
Emergence of the ST307 clone carrying a novel insertion element MITEKpn1 in the mgrB gene among
carbapenem-resistant Klebsiella pneumoniae from Moscow, Russia. Int J Antimicrob Agents. 2019 Nov 23.

7.

Decré D, Verdet C, Emirian A, Le Gourrierec T, Petit JC, Offenstadt G, et al. Emerging severe and fatal
infections due to Klebsiella pneumoniae in two university hospitals in France. J Clin Microbiol. 2011
Aug;49(8):3012-4.

8.

Becker L, Kaase M, Pfeifer Y, Fuchs S, Reuss A, von Laer A, et al. Genome-based analysis of Carbapenemaseproducing Klebsiella pneumoniae isolates from German hospital patients, 2008-2014. Antimicrob Resist Infect
Control. 2018;7:62.

9.

Sánchez-López J, García-Caballero A, Navarro-San Francisco C, Quereda C, Ruiz-Garbajosa P, Navas E, et al.
Hypermucoviscous Klebsiella pneumoniae: A challenge in community acquired infection. IDCases.
2019;17:e00547.

10. Cubero M, Grau I, Tubau F, Pallarés R, Dominguez MA, Liñares J, et al. Hypervirulent Klebsiella pneumoniae
clones causing bacteraemia in adults in a teaching hospital in Barcelona, Spain (2007-2013). Clin Microbiol
Infect. 2016 Feb;22(2):154-60.
11. Rafat C, Messika J, Barnaud G, Dufour N, Magdoud F, Billard-Pomarès T, et al. Hypervirulent Klebsiella
pneumoniae, a 5-year study in a French ICU. J Med Microbiol. 2018 Aug;67(8):1083-9.
12. Baraniak A, Grabowska A, Izdebski R, Fiett J, Herda M, Bojarska K, et al. Molecular characteristics of KPCproducing Enterobacteriaceae at the early stage of their dissemination in Poland, 2008-2009. Antimicrob
Agents Chemother. 2011 Dec;55(12):5493-9.
13. Pereira A, Petrucci T, Simões MJ. [Klebsiella pneumoniae from K1 and Hypervirulent Clone ST23: First
Documented Case in Portugal]. Acta Med Port. 2017 Jun 30;30(6):496-9.
14. Wellcome Trust Sanger Institute – Centre for Genomic Pathogen Surveillance. Pathogenwatch - a global
platform for surveillance Hinxton: CGPS; 2020. Available at: https://pathogen.watch
15. Lam MMC, Wick RR, Watts SC, Cerdeira LT, Wyres KL, Holt KE. Genomic surveillance framework and global
population structure for Klebsiella pneumoniae. bioRxiv. 2021:2020.12.14.422303.
16. Wellcome Trust Sanger Institute - Centre for Genomic Pathogen Surveillance. Microreact Hinxton: CGPS;
2018. Available at: https://microreact.org/showcase
17. Russo TA, Marr CM. Hypervirulent Klebsiella pneumoniae. Clin Microbiol Rev. 2019 Jun 19;32(3).
18. Alekseeva AE, Brusnigina NF, Solntsev LA, Gordinskaya NA. [The molecular typing of clinical isolates Klebsiella
pneumoniae producing beta-lactamases of extended specter of action.]. Klin Lab Diagn. 2017;62(11):699704.
19. Paczosa MK, Mecsas J. Klebsiella pneumoniae: Going on the Offense with a Strong Defense. Microbiol Mol Biol
Rev. 2016 Sep;80(3):629-61.
20. Siu LK, Yeh KM, Lin JC, Fung CP, Chang FY. Klebsiella pneumoniae liver abscess: a new invasive syndrome.
Lancet Infect Dis. 2012 Nov;12(11):881-7.
21. Zhang Y, Zhao C, Wang Q, Wang X, Chen H, Li H, et al. High Prevalence of Hypervirulent Klebsiella
pneumoniae Infection in China: Geographic Distribution, Clinical Characteristics, and Antimicrobial Resistance.
Antimicrob Agents Chemother. 2016 Oct;60(10):6115-20.
22. Shon AS, Bajwa RP, Russo TA. Hypervirulent (hypermucoviscous) Klebsiella pneumoniae: a new and
dangerous breed. Virulence. 2013 Feb 15;4(2):107-18.
23. Sobirk SK, Struve C, Jacobsson SG. Primary Klebsiella pneumoniae Liver Abscess with Metastatic Spread to
Lung and Eye, a North-European Case Report of an Emerging Syndrome. Open Microbiol J. 2010 Mar 16;4:57.

12

RAPID RISK ASSESSMENT

Emergence of hypervirulent Klebsiella pneum oniae ST23 carrying carbapenemase genes in the EU/EEA

24. Nadasy KA, Domiati-Saad R, Tribble MA. Invasive Klebsiella pneumoniae syndrome in North America. Clin
Infect Dis. 2007 Aug 1;45(3):e25-8.
25. Keynan Y, Karlowsky JA, Walus T, Rubinstein E. Pyogenic liver abscess caused by hypermucoviscous
Klebsiella pneumoniae. Scand J Infect Dis. 2007;39(9):828-30.
26. Karama EM, Willermain F, Janssens X, Claus M, Van den Wijngaert S, Wang JT, et al. Endogenous
endophthalmitis complicating Klebsiella pneumoniae liver abscess in Europe: case report. Int Ophthalmol.
2008 Apr;28(2):111-3.
27. Lederman ER, Crum NF. Pyogenic liver abscess with a focus on Klebsiella pneumoniae as a primary pathogen:
an emerging disease with unique clinical characteristics. Am J Gastroenterol. 2005 Feb;100(2):322-31.
28. Peirano G, Pitout JD, Laupland KB, Meatherall B, Gregson DB. Population-based surveillance for
hypermucoviscosity Klebsiella pneumoniae causing community-acquired bacteremia in Calgary, Alberta. Can J
Infect Dis Med Microbiol. 2013 Fall;24(3):e61-4.
29. Chou A, Nuila RE, Franco LM, Stager CE, Atmar RL, Zechiedrich L. Prevalence of hypervirulent Klebsiella
pneumoniae-associated genes rmpA and magA in two tertiary hospitals in Houston, TX, USA. J Med Microbiol.
2016 Sep;65(9):1047-8.
30. Parrott AM, Shi J, Aaron J, Green DA, Whittier S, Wu F. Detection of multiple hypervirulent Klebsiella
pneumoniae strains in a New York City hospital through screening of virulence genes. Clin Microbiol Infect.
2020 May 24.
31. Dong N, Lin D, Zhang R, Chan EW, Chen S. Carriage of blaKPC-2 by a virulence plasmid in hypervirulent
Klebsiella pneumoniae. J Antimicrob Chemother. 2018 Dec 1;73(12):3317-21.
32. Turton J, Davies F, Turton J, Perry C, Payne Z, Pike R. Hybrid Resistance and Virulence Plasmids in "HighRisk" Clones of Klebsiella pneumoniae, Including Those Carrying bla(NDM-5). Microorganisms. 2019 Sep
6;7(9).
33. Roulston KJ, Bharucha T, Turton JF, Hopkins KL, Mack DJF. A case of NDM-carbapenemase-producing
hypervirulent Klebsiella pneumoniae sequence type 23 from the UK. JMM case reports. 2018
Sep;5(9):e005130.
34. Cejas D, Fernández Canigia L, Rincón Cruz G, Elena AX, Maldonado I, Gutkind GO, et al. First isolate of KPC2-producing Klebsiella pneumonaie sequence type 23 from the Americas. J Clin Microbiol. 2014
Sep;52(9):3483-5.
35. Mukherjee S, Naha S, Bhadury P, Saha B, Dutta M, Dutta S, et al. Emergence of OXA-232-producing
hypervirulent Klebsiella pneumoniae ST23 causing neonatal sepsis. J Antimicrob Chemother. 2020 Jul
1;75(7):2004-6.
36. Lin YT, Jeng YY, Chen TL, Fung CP. Bacteremic community-acquired pneumonia due to Klebsiella
pneumoniae: clinical and microbiological characteristics in Taiwan, 2001-2008. BMC Infect Dis. 2010 Oct
25;10:307.
37. Farida H, Gasem MH, Suryanto A, Keuter M, Zulkarnain N, Satoto B, et al. Viruses and Gram-negative bacilli
dominate the etiology of community-acquired pneumonia in Indonesia, a cohort study. Int J Infect Dis. 2015
Sep;38:101-7.
38. Gu D, Dong N, Zheng Z, Lin D, Huang M, Wang L, et al. A fatal outbreak of ST11 carbapenem-resistant
hypervirulent Klebsiella pneumoniae in a Chinese hospital: a molecular epidemiological study. Lancet Infect
Dis. 2018 Jan;18(1):37-46.
39. Xu M, Fu Y, Fang Y, Xu H, Kong H, Liu Y, et al. High prevalence of KPC-2-producing hypervirulent Klebsiella
pneumoniae causing meningitis in Eastern China. Infect Drug Resist. 2019;12:641-53.
40. Mohammad Ali Tabrizi A, Badmasti F, Shahcheraghi F, Azizi O. Outbreak of hypervirulent Klebsiella
pneumoniae harbouring bla(VIM-2) among mechanically-ventilated drug-poisoning patients with high
mortality rate in Iran. Journal of global antimicrobial resistance. 2018 Dec;15:93-8.
41. European Centre for Disease Prevention and Control. Carbapenem-resistant Enterobacteriaceae - second
update. Stockholm ECDC; 2019. Available at:
https://www.ecdc.europa.eu/sites/default/files/documents/carbapenem-resistant-enterobacteriaceae-riskassessment-rev-2.pdf
42. Stewart A, Harris P, Henderson A, Paterson D. Treatment of Infections by OXA-48-Producing
Enterobacteriaceae. Antimicrob Agents Chemother. 2018 Nov;62(11).
43. Lu Y, Feng Y, McNally A, Zong Z. The Occurence of Colistin-Resistant Hypervirulent Klebsiella pneumoniae in
China. Front Microbiol. 2018;9:2568.
44. Li D, Liao W, Huang HH, Du FL, Wei DD, Mei YF, et al. Emergence of Hypervirulent Ceftazidime/AvibactamResistant Klebsiella pneumoniae Isolates in a Chinese Tertiary Hospital. Infect Drug Resist. 2020;13:2673-80.
45. Hernández M, López-Urrutia L, Abad D, De Frutos Serna M, Ocampo-Sosa AA, Eiros JM. First Report of an
Extensively Drug-Resistant ST23 Klebsiella pneumoniae of Capsular Serotype K1 Co-Producing CTX-M-15,
OXA-48 and ArmA in Spain. Antibiotics (Basel). 2021 Feb 4;10(2).
46. David S, Reuter S, Harris SR, Glasner C, Feltwell T, Argimon S, et al. Epidemic of carbapenem-resistant
Klebsiella pneumoniae in Europe is driven by nosocomial spread. Nature microbiology. 2019 Jul 29.

13

RAPID RISK ASSESSMENT

Emergence of hypervirulent Klebsiella pneum oniae ST23 carrying carbapenemase genes in the EU/EEA

47. Choby JE, Howard-Anderson J, Weiss DS. Hypervirulent Klebsiella pneumoniae - clinical and molecular
perspectives. J Intern Med. 2020 Mar;287(3):283-300.
48. Liu BT, Zhang XY, Wan SW, Hao JJ, Jiang RD, Song FJ. Characteristics of Carbapenem-Resistant
Enterobacteriaceae in Ready-to-Eat Vegetables in China. Front Microbiol. 2018;9:1147.
49. Chung DR, Lee H, Park MH, Jung SI, Chang HH, Kim YS, et al. Fecal carriage of serotype K1 Klebsiella
pneumoniae ST23 strains closely related to liver abscess isolates in Koreans living in Korea. Eur J Clin
Microbiol Infect Dis. 2012 Apr;31(4):481-6.
50. Liu C, Du P, Xiao N, Ji F, Russo TA, Guo J. Hypervirulent Klebsiella pneumoniae is emerging as an increasingly
prevalent K. pneumoniae pathotype responsible for nosocomial and healthcare-associated infections in
Beijing, China. Virulence. 2020 Dec;11(1):1215-24.
51. Shaidullina E, Shelenkov A, Yanushevich Y, Mikhaylova Y, Shagin D, Alexandrova I, et al. Antimicrobial
Resistance and Genomic Characterization of OXA-48- and CTX-M-15-Co-Producing Hypervirulent Klebsiella
pneumoniae ST23 Recovered from Nosocomial Outbreak. Antibiotics (Basel). 2020 Dec 3;9(12).
52. Brizendine KD, Richter SS, Cober ED, van Duin D. Carbapenem-resistant Klebsiella pneumoniae urinary tract
infection following solid organ transplantation. Antimicrob Agents Chemother. 2015 Jan;59(1):553-7.
53. Savard P, Perl TM. Combating the spread of carbapenemases in Enterobacteriaceae: a battle that infection
prevention should not lose. Clin Microbiol Infect. 2014 Sep;20(9):854-61.
54. Brolund A, Lagerqvist N, Byfors S, Struelens MJ, Monnet DL, Albiger B, et al. Worsening epidemiological
situation of carbapenemase-producing Enterobacteriaceae in Europe, assessment by national experts from 37
countries, July 2018. Euro Surveill. 2019 Feb;24(9). Available at:
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.9.1900123
55. Magiorakos AP, Burns K, Rodriguez Bano J, Borg M, Daikos G, Dumpis U, et al. Infection prevention and
control measures and tools for the prevention of entry of carbapenem-resistant Enterobacteriaceae into
healthcare settings: guidance from the European Centre for Disease Prevention and Control. Antimicrob
Resist Infect Control. 2017;6:113.
56. World Health Organization. Guidelines for the Prevention and Control of Carbapenem-Resistant
Enterobacteriaceae, Acinetobacter baumannii and Pseudomonas aeruginosa in Health Care Facilities. Geneva:
WHO; 2017. Available at: https://apps.who.int/iris/bitstream/handle/10665/259462/9789241550178eng.pdf;jsessionid=78C00A4F9C756ED36D7E739495464F50?sequence=1
57. World Health Organization. Implementation manual to prevent and control the spread of carbapenemresistant organisms at the national and health care facility level. Geneva: WHO; 2019. Available at:
https://apps.who.int/iris/bitstream/handle/10665/312226/WHO-UHC-SDS-2019.6-eng.pdf?ua=1

14

