Pre prints.org

Data Descriptor Not peer-reviewed version

Genomic Typing, Antimicrobial
Resistance Gene and Virulence Factor
Dataset for the Important Pathogenic
Bacteria Klebsiella pneumoniae

Andrey Shelenkov i , Anna Slavokhotova, Yulia Mikhailova , Vasiliy Akimkin

Posted Date: 24 September 2024

doi: 10.20944/preprints202409.1714.v1

Keywords: Klebsiella pneumoniae; healthcare-associated infections; genomic epidemiology; whole genome
sequencing; cgMLST; global clones; antibiotic resistance; virulence factors

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/936827
https://sciprofiles.com/profile/3786647
https://sciprofiles.com/profile/1458538
https://sciprofiles.com/profile/3305219

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 September 2024

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Data Descriptor
Genomic Typing, Antimicrobial Resistance Gene and

Virulence Factor Dataset for the Important
Pathogenic Bacteria Klebsiella pneumoniae

Andrey Shelenkov *, Anna Slavokhotova, Yulia Mikhaylova and Vasiliy Akimkin

Central Research Institute of Epidemiology, Novogireevskaya str., 3a, 111123 Moscow, Russia
* Correspondence: fallandar@gmail.com

Abstract: The infections of bacterial origin represent a significant problem to public healthcare
worldwide both in clinical and community settings. Recent decade was marked by limiting
treatment options for bacterial infections due to growing antimicrobial resistance (AMR) acquired
and transferred by various bacterial species, especially the ones causing healthcare-associated
infections, which has become a dangerous issue noticed by the World Health Organization.
Numerous reports shown that the spread of AMR is often driven by several species-specific lineages
usually called the “global clones of high risk’. Thus, it is essential to track the isolates belonging to
such clones and investigate the mechanisms of their pathogenicity and AMR acquisition. Currently,
the whole genome-based analysis is increasingly used for these purposes, including epidemiological
surveillance and analysis of mobile elements involved in resistance transfer. However, in spite of
the exponential growth of available bacterial genomes, their representation usually lack uniformity
and availability of supporting metadata, which creates a bottleneck for such investigations. In this
dataset, we provide the results of a comprehensive genomic epidemiology analysis of 61,857
genomes of a dangerous bacterial pathogen Klebsiella pneumoniae. Important typing information
including multilocus sequence typing (MLST)-based sequence types (STs), assignment of the
isolates to known global clones, capsular (KL) and lipooligosaccharide (O) types, presence of
CRISPR-Cas systems, and cgMLST profiles are given, and the presence of AMR and virulence genes
within the genomes is also reported. This dataset will be useful for researchers in the field of K.
pneumoniae genomic epidemiology, resistance analysis and prevention measure development.

Keywords: Klebsiella pneumoniae; healthcare-associated infections; genomic epidemiology; whole
genome sequencing; cgMLST; global clones; antibiotic resistance; virulence factors

Dataset: The dataset is available at https://doi.org/10.5281/zenodo.11069018
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1. Summary

Infections of bacterial origin represent one of the most serious problems in global healthcare.
The treatment of such infections is complicated due to spread of antimicrobial drug resistance in
clinical pathogenic bacteria, which leads to a limited set of available treatment options [1]. However,
antimicrobial resistance (AMR) can also be acquired by the non-hospital bacterial populations, thus
making this problem global and becoming an issue in community settings [2].

The spread of AMR within particular bacterial species is often facilitated by several groups or
lineages usually called ‘clonal groups’, ‘global clones” or ‘international clones of high risk’. An
important role of such clones has been demonstrated for some of the most successful and widespread
nosocomial pathogens like Klebsiella pneumoniae [3,4], Acinetobacter baumannii [5] and Pseudomonas
aeruginosa [6]. Therefore, epidemiological surveillance of multidrug-resistant (MDR) bacteria and

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.5281/zenodo.11069018
https://doi.org/10.20944/preprints202409.1714.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 September 2024

developing effective prevention measures against them should involve checking whether particular
isolates belong to such global clones.

Isolate typing and assignment to a particular clone can be based on several characteristics
revealed by molecular biology techniques, but now the whole genome sequencing (WGS) is
becoming a gold standard for this and many other investigations due to unprecedented amount of
data it produces and its high cost-effectiveness [7,8]. Currently, several hundred thousand genomes
of pathogenic bacteria are available in public databases, and increasing availability of WGS will
facilitate further growth in amounts of such data.

The fraction of genomes available in public databases for particular bacterial species is
determined by its significance to public healthcare and the incidence of infections caused by this
species. K. pneumoniae is responsible for a significant share of nosocomial infections worldwide [9],
and the World Health Organization (WHO) listed carbapenem-resistant K. pneumoniae as one of the
critical pathogens with the highest priority in new antibiotic development [10].

At present, more than 70,000 draft K. pneumoniaze genomes are available at NCBI
(https://www.ncbi.nlm.nih.gov/datasets/taxonomy/573/, accessed on 8 September 2024). However,
the data provided there usually lacks isolate typing information and other metadata, including AMR
gene presence, which should be derived using various computational tools by users. Another
commonly used database PasteurMLST [11] contains epidemiologically related and typing
information for more than 40,000 genomes (https://bigsdb.pasteur.fr/cgi-
bin/bigsdb/bigsdb.pl?db=pubmlst klebsiella isolates, accessed on 8 September 2024). However, the
extraction of AMR and virulence gene information from this database is not straightforward,
especially for large number of isolates simultaneously. In addition, no mechanism is provided for
quick download of multiple genomes satisfying several selection criteria at once.

In order to facilitate the rapid construction of K. pneumoniae isolate subsets for particular
purpose, we developed the dataset containing typing information, including assignment to global
clones, for the whole set of the K. pneumoniae isolates available at NCBI (accessed on 14 December
2023), which included 61,857 genomes. The information available contains multilocus sequence
typing (MLST)-based types (STs), capsular polysaccharide (KL, or K) and lipooligosaccharide (O)
types, core genome MLST (cgMLST) profiles, and the data regarding the presence of CRISPR-Cas
systems in each of the isolates. The information regarding the presence of AMR genes providing
resistance to various classes of antibiotics, as well as the set of virulence factors, is also available.

The combination of several typing schemes, e.g., ST, KL and O types, was previously shown to
provide significantly higher resolution than any of these schemes used alone, while cgMLST
possessed the highest discrimination ability [12].

This dataset was used for selection of appropriate reference genomes for comparison purposes
in our previous research [3,13] and found to be very convenient for these purposes, so we decided
making it publicly available for researchers working on K. pneumoniae genomic analysis.

We believe that the dataset will be useful for genomic and epidemiological studies of K.
pneumoniae, including selection of the proper reference isolate sets for any types of genome-based
investigations. The precomputed data will be especially useful for the researchers working in the
promising field of genomic epidemiology of this important and highly dangerous pathogen.

The dataset is available for academic use under Creative Commons Attribution-Non
Commercial-ShareAlike (CC BY-NC-SA) 4.0 International License. The updates are scheduled to be
provided at least once a year.

2. Data Description

2.1. Data Structure

The dataset contains four tables provided in various formats: xIsx (all except cgMLST), tab-
delimited txt and pdf (for summary table only). The files in xlsx format can be further processed by
users in table processing software, e.g., the filters can be added to select the subsets of interest, sorting
parameters can be changed, various graphs can be built, statistical processing can be performed etc.
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Text format (txt) is intended for computational processing by various bioinformatics tools, while pdf

format presents the summary file containing main isolate typing results in human-readable form.
The tables, which will be further described below, include the following:

- A summary table (table_summary) containing typing information for all isolates, such as MLST ST,
KL- and O-types, assignments of the isolates to known clonal groups (global clones) and the
possible presence and type of CRISPR-Cas systems in the genomes of the isolates

- An AMR gene table (table_amr) containing the information on the presence of genes known to
provide, when properly expressed, the AMR to various classes of antimicrobial drugs for all
isolates

- A virulence gene table (table_vfdb) containing the information on the presence of genes encoding
virulence factors

- A table containing cgMLST profiles (table_cgmlst) for all isolates, which can be used for extended
comparison and clustering purposes

2.1.1. Typing Summary Table

The format and exemplary data for the summary table are presented in Table 1.

Table 1. Exemplary data and column information for the typing summary table.

Assembly code ;122;1 MLST ST KL type O type CRISPR-Cas
GCA_000009885.1 CG23 23 KL1 01/02v2 I-E*
GCA_000255975.2 NA! 48 KL124 O1/02v1 NEF2
GCA_005508835.1 NA ND?2 KL15 04 UNKN

1'NA’ (not available) indicates that the isolate did not belong to any known clonal group, 2‘ND’ (not determined)
indicates that ST could not be determined; 3“NF’(not found) - CRISPR-Cas system was not found in the genome.

The first column contains the assembly code from Genbank, which uniquely identifies a
particular K. pneumoniae genome assembly.

‘CG’ stands for ‘clonal group’ and indicates the assignment of a particular isolate to known
clonal groups. Such an assignment is based on the ST according to the previously published data
[4,14]. If an isolate was not assigned to any CG, this column contains ‘NA’ (not available) designation.

Third column contains an ST defined as a combination of seven loci (gapA, infB, mdh, pgi, phoE,
rpoB and tonB genes) of a typing scheme [15]. Each variant of a particular locus is numbered
sequentially, and the combination of seven locus variants constitutes a ST, which has its own number.
For example, the combination of gapA_2, infB_1, mdh_1, pgi_1, phoE_9, rpoB_4 and tonB_12 was
defined as ST23. Locus variants, as well as the definitions of corresponding STs, can be found in the
Institut Pasteur database (https://bigsdb.pasteur.fr/cgi-
bin/bigsdb/bigsdb.pl?db=pubmlst klebsiella seqdef, accessed on 12 August 2024). ‘ND’ in this
column means that ST was not determined due to either low sequencing quality or the presence of a
novel MLST allele, or novel allele combination, not uploaded to the databases yet.

KL- and O-type show the typing classes based on the corresponding sets of genes, respectively.
Capsular polysaccharide is an essential factor determining bacterial virulence and their susceptibility
to phages, which makes it a useful epidemiological marker [16]. The typing of capsular
polysaccharide (cps) gene cluster in K. pneumoniae is based on the wzi or wzc gene sequences, while

O-locus typing was defined by sequence identity in the conserved wzm and wzt genes. Each distinct
gene cluster found between the flanking genes is assigned a unique number, or code, identifying the
locus type, and these data can be found in public databases [17].

The Final column shows the presence of a CRISPR-Cas system in the isolate. Clustered regularly
interspaced short palindromic repeat (CRISPR) arrays and CRISPR-associated genes (cas) function as
a variable genetic element and form bacterial adaptive immune systems. CRISPR-Cas systems are
divided into six major types (I-VI) and several subtypes (A-I, K, U) based on a combination of
phylogenetic, comparative genomic, and structural analysis [18,19]. ‘NF’ in this column indicates that
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CRISPR-Cas system was not revealed in a particular isolate genome, “"UNKN’ shows the detected
presence an incomplete or untypeable system, and in other cases a system type is shown.

2.1.2. AMR and Virulence Gene Tables

Another part of the dataset includes information regarding the presence of various genes known
to confer AMR in the investigated K. pneumoniae genomes. The first column shows the assembly
code, which is identical to the one from the typing summary table; the second column gives the
number of AMR genes revealed in a particular isolate, while other columns describe the presence of
a particular gene in the first row and its sequence similarity level with the corresponding allele from
the Resfinder database. The absence of a gene is marked with a dot for better readability.

An example is provided in Table 2. Only a few genes are presented in this example.

Table 2. Exemplary data and column information for antimicrobial resistance gene table.

Assembly code 12)%1\1:[]_; ogxA 0qxB ... bIaTEM-1B catAl
GCA_000016305.1 19 100.00 100.00 99.8 100.00
GCA_000219965.2 13 100.00 100.00

The presence of a particular gene known to provide a resistance to some antimicrobial drug by
itself does not confirm the phenotypic resistance to this drug since this gene, for example, might not
be expressed [12,20]. However, this information is essential for the estimation of the AMR potential
and spread within bacterial population of interest.

The format of the virulence gene table is the same as the one for AMR gene table except for the
set of genes included.

The information presented in AMR and virulence gene tables can be useful for the comparative
analysis of pathogenicity within particular groups of the isolates. Genetically and epidemiologically
close isolates can possess different AMR and virulence gene repertoire, and thus this information is
essential for the selection of proper reference sets.

2.1.3. cgMLST Profiles

The fourth part of the dataset includes cgMLST profiles for all isolates. The cgMLST typing
scheme is similar to MLST in the sense that it enumerates gene variants and uses their combination
to form a profile, but the striking difference is that cgMLST relies on the set of all conservative genes
within particular species (usually, the genes appeared in more than 90% of known isolates). cgMLST
scheme for K. pneumoniae includes 2358 loci, and the allele variants for these loci are available in a
regularly updated database at cgmlst.org (https://www.cgmlst.org/ncs/schema/schema/2187931/,
accessed on 12 August 2024).

cgMLST profiles can be used in the cluster analysis of a selected set of isolates for estimation of
their genomic similarity and closeness and, possibly, obtain some valuable epidemiological or
evolutionary insights. The threshold of 18 differences in cgMLST loci was proposed to check whether
two K. pneumoniae isolates belonged to a single strain [21], but less or more strict criteria can be used
depending on the specific investigation goal.

In this dataset, cgMLST profiles are provided in a table format. The first column contains the
same assembly identifier as other tables, while the other columns show the numbers representing the
variants of genes appeared in a header row. Several special designations can appear besides numbers,
namely, N - indicates a novel allele variant not present in the database; 0? indicates a locus is missing
in the assembly (probably, due to the low quality of initial sample or sequencing problems); “-” points
an allele is partially covered; “+” represents multiple possible alleles, in which case the most probable
is left.

2.2. General Descriptive Statistics
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Some general statistics based on the dataset is provided below. Previously it was shown that a
Genbank set of genomes cannot be considered representative for the whole worldwide K.
pneumoniae population since it was strongly biased towards multidrug-resistant or other clinically
relevant isolates from particular regions [22]. At the same time, the descriptive statistics on the
distribution of particular STs, CGs, AMR, virulence genes etc. can provide useful information for the
purposes of reference set selection and making comparisons.

Below we will refer to any Genbank assembly record containing a complete or partial genome
as an ““isolate” for simplicity, although some different assemblies can in fact represent the same
isolate, or some genomic records may contain only a part of the isolate genome.

The summary of top three dominating characteristics in each feature category is given in Table
3.

Table 3. Top three dominating representatives of the features investigated in K. pneumoniae

dataset.
Feature Top 3 representatives
Clonal Group NA, CG258, CG147
Sequence type ST11, ST258, ST147
KL-type KL64, KL107, KL2
O-type 01/02v1, 01/02v2, O3b
AMR genes 0qxAB, fosA6, sull
Virulence genes ompA, fur, acrAB
CRISPR-Cas system NF, I-E, I-E*

Totally, 37.3% of the isolates belonged to known CGs, with CG258 accounting for 25.3% of all K.
pneumoniae genomes from Genbank and 68% of K. pneumoniae isolates belonging to CGs,
respectively. CG147 was the second largest CG, which included 6.2%/16.6% of all isolates/CG isolates.
CG258 (including ST11 and ST258, among others), is known to be the dominant carbapenemase-
producing K. pneumoniae clone worldwide, which raises global concerns in healthcare systems of
many countries [23]. Thus, it is not surprising that it has the largest number of the sequenced isolates
in Genbank, and two STs belonging to CG258 are also the most represented there with 15.5% for ST11
and 8% for ST258, respectively. ST147, a most prominent member of CG147, which is also recognized
as a globally distributed highly resistant clone [24], accounted for 5.3% of the isolates.

In total, 2402 distinct STs were revealed in Genbank for K. pneumoniae, while ST could not be
determined for 6.4% of the isolates due to low-quality sequencing and/or lack of coverage for the
corresponding genomic regions. However, 1069 of these STs were represented by a single isolate
only, and 389 top STs included ten or more isolates, totally enclosing 86% of the Genbank K.
pneumoniae genomes.

Top three KL types included KL64 (12.9% of the isolates), KL107 (8.5%) and KL2 (5.5%). KL2 is
considered to be predominantly associated with hypervirulent K. pneumoniae isolates [25]. The
abundance of KL64 and KL107 is also not surprising since these types were often associated with
CG258 and CG147, and ST11-KL64 and ST258-KL107 were even highlighted as a separate important
multidrug-resistant clones [26,27]. The diversity of KL types was high with 151 distinct types
revealed.

The range of lipopolysaccharide types was less diverse with 12 distinct types, three of which
were Ol variants. O1/0O2v1 (37.3%) and O1/O2v2 (34.9%) together accounted for about 72% of the
isolates, which corresponds to previous reports [28,29], and O3b was revealed in about 8% of the
isolates.

The median number of AMR genes possessed by the isolates was 13, with the numbers ranging
from 1 to 43. This number was never equal to zero since intrinsic blaSHV gene variants were also
included.

The most abundant AMR genes were oqxAB encoding efflux pump conferring fluoroquinolone
resistance. These genes were revealed in about 90% of the isolates, which corresponds to the recent
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clinical data [30]. High frequency of occurrence was also observed for fosA6 (fosfomycin resistance,
61.6%) and sull (sulfamethoxazole resistance, 44.4%). The most widespread beta-lactamase-encoding
genes, except for intrinsic blaSHV, were blacrxa1s and blatem-18 accounting for about 38% each, while
carbapenemase-encoding blanom1 (about 10%) was the most abundant in the corresponding class.
However, it should be noted again that isolate distribution in Genbank is skewed towards MDR
strains and thus cannot be considered representative for the whole population. On the other hand,
these data provides useful insights into the procedure of relevant reference set selection for various
K. pneumoniae investigations.

The number of virulence genes in the dataset varied from 27 to 131 with a median equal to 73.
Among these, ompA (outer membrane protein, porin), fur (ferric uptake regulator) and acrAB (efflux
pump) were revealed in virtually all isolates. Worth noting, 13.4% of the isolates carried rmpA, one
of the major hypervirulence markers [31]. Totally, 428 distinct virulence genes were found, but only
137 of them occurred in a significant number (>=10) of the isolates.

CRISPR-Cas systems were revealed in about 29% (18199) of the isolates, with I-E occurring
slightly more often than I-E* (14.2% vs. 10.9% for all isolates and 48.2% vs. 37% for the isolates with
CRISPR-Cas, respectively). These findings correspond to other recent reports, in which CRISPR-Cas
prevalence in K. pneumoniae was estimated to be about 25% [32,33]. Besides this, 2644 isolates
included CRISPR-Cas systems which were incomplete or had undetectable type with alternative cas
gene sequence. Interestingly, 67 isolates included two types of systems I-E and I-E* simultaneously,
15 of which belonged to ST1758-KL27-O4.

Another interesting fact was that about 92% of CG147 possessed CRISPR-Cas system, while
CG258 virtually lacked it. The members of CG147 were previously shown to be abundant with
CRISPR-Cas systems and even to possess both this system and antibiotic resistance-encoding
plasmids simultaneously [34]. The absence of CRISPR-Cas in CG258 was also reported previously
and linked to dissemination of IncF type plasmids in this group [35].

The full data describing the distribution of all the characteristics discussed above is presented in
Table S1.

3. Methods

We retrieved 61,857 genomic sequences of K. pneumoniae from Genbank
(https://www.ncbi.nlm.nih.gov/genbank/, accessed on 14 December 2023), for which the assembly
level was defined as ‘Complete Genome’, ‘Chromosome’, or ‘Scaffold’, and for which MLST
confirmed the correct species identification.

MLST was performed using the Institut Pasteur database (https://bigsdb.pasteur.fr/cgi-
bin/bigsdb/bigsdb.pl?db=pubmlst klebsiella seqdef, accessed on 12 August 2024) using the typing
scheme described in [15].

The evolution of the multidrug resistance in K. pneumoniae is largely driven by the plasmid-
mediated acquisition of resistance genes, and several hospital outbreak clones, also known as ‘global
clones’ or ‘clonal groups’, were shown to play an important role in this process [14,36]. Thus, an

assignment of the isolates to known global clones represents an important step in epidemiological
surveillance and antimicrobial resistance spread investigation. In this dataset, such an assignment
was based on MLST ST according to previously published data [4,14]. The list of STs belonging to
different clonal groups is shown in Table 4 for reference purposes.

Table 4. Composition of K. pneumoniae clonal groups based on MLST ST.

Clonal group STs
CG15 14, 15, 709
CG20 16, 17, 20, 22, 336, 1123
CG23 23, 26, 57, 163, 218, 260, 887, 2044
CG25 25
CG29 29,711, 1109, 1271

CG34 34, 228, 592, 1444, 1454, 1521, 2141
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CG35 35, 466, 1948

CG36 36, 268, 298, 433, 564, 1272, 2130
CG37 37,177,256, 309, 896, 1198, 1507, 1779
CG43 43,101, 2017

CG45 45, 485

CG48 48

CG65 25, 65, 375

CG66 66, 2039, 2058

CG86 86, 373, 3994

CGl101 101, 1685, 2016, 2017, 2502
CGl111 111, 692

CG133 133, 420, 2127

CG147 147, 273, 392, 1709

CG152 105, 152

CG230 224,230, 1307, 1583

CG231 231, 1190

CG253 253, 1138, 2116

CG258 11, 258, 340, 379, 395, 418, 437, 512, 833, 855, 1084, 1199
CG322 322,491, 1377

CG380 380, 679

CG490 76, 199, 490, 495, 1263
CG540 4, 6, 504, 540, 1013
CG661 237,661, 2113

The AMR genes were detected wusing Resfinder 4.6.0 software [37] (https://
http://genepi.food.dtu.dk/resfinder, achttps://doi.org/10.1093/nar/gkab1107cessed on 10 August
2024, using default parameters).

The detection of capsule polysaccharide loci (KL) and lipooligosaccharide loci (O) was made
using Kaptive v. 2.0.9 [17] with the default parameters (last update of the databases was on 12 March
2024).

Searching for virulence factors in the K. pneumoniae genomes was performed using VFDB [38]
(http://www.mgc.ac.cn/VFs/main.htm, accessed on 20 August 2024, using the default parameters)

The presence of CRISPR-Cas systems in the genomes under study was analyzed using
CRISPRCasFinder [39] version 4.2.20 with the following parameters: ‘-fast -rcfowce -ccvRep -vicinity
1200 —cas -useProkka’. The variants of CRISPR-Cas systems (I-E vs. I-E*) were determined according
to the literature data [33].

The cgMLST profiles were built using MentaList software [40] (https://github.com/WGS-
TB/MentaLiST, version 0.2.4, default parameters, accessed on 21 August 2024) using the scheme with
2358 loci obtained from cgmlst.org (https://www.cgmlst.org/ncs/schema/schema/2187931/, accessed
on 12 August 2024).

Additional data processing, output formatting and preparation of the tables for the dataset were
performed using the computational pipeline developed by us earlier [41,42].

4. User Notes

The description of possible dataset applications to genomic epidemiology investigations,
including the commands for UNIX-based systems, will be provided on the webpage of the dataset in
a ‘how_to_use.txt’ file.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1: General characteristics of Klebsiella pneumoniae genomes from Genbank.
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