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Abstract: Klebsiella variicola strains are Gram-negative rod-shaped bacteria that usually cause
bloodstream, urinary and respiratory tract infections. The aim of the study was to identify
K. variicola strains, evaluate the susceptibility of strains to selected antimicrobials, and detect
their resistance mechanisms to β-lactams. Strain identification was performed using the mass
spectrometry method. DNA sequencing was performed for selected strains. Susceptibility
to selected antimicrobials was assessed using an automated method. The presence of an
antimicrobial resistance mechanism and genes encoding ESβL was determined using the
double-disc synergy test and genotypic methods. Most of the 108 analyzed strains were
susceptible to imipenem (99.1%), meropenem (96.3%) and amikacin (96.3%). Over 12% of
strains produced ESβL and were multidrug-resistant. Although K. variicola strains remain
susceptible to antibiotics, there is a constant need to monitor their susceptibility to selected
antimicrobials. The isolation of multidrug-resistant K. variicola strains underscores the critical
importance of accurate species identification. This species may be clinically significant, as
certain strains can also produce enzymes that pose significant threats today.
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1. Introduction
Klebsiella variicola (KVA) is a part of the Klebsiella pneumoniae complex (KPNc) and be-

longs to one of the seven phylogroups within this complex. The KPNc is currently classified
into the following members: K. pneumoniae, K. quasipneumoniae subsp. quasipneumoniae,
K. variicola subsp. variicola, K. quasipneumoniae subsp. similipneumoniae, K. variicola subsp.
tropica, K. quasivariicola and K. africana [1]. Due to the presence of a capsule, these bac-
teria typically form mucoid colonies. KVA isolates exhibit positive reactions for lactose
and L-sorbose fermentation, as well as citrate utilization [2]. However, biochemical or
automated identification methods often misidentify KVA as other species within the com-
plex. KVA is commonly found in natural environment. While traditionally considered
less pathogenic, numerous studies have reported its capability to cause serious infections,
including bloodstream [3–11], urinary tract [3,7,9] and respiratory tract infections [4,5,11].
Although these bacteria is rarely isolated in cases of meningitis, intra-abdominal, or en-
dodontic infections [6,11,12], it is worth noting that in recent years, KVA multidrug-resistant
(MDR) strains have been found more and more often.
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The aim of this study was to establish a reliable identification method for KVA strains
and evaluate their susceptibility to antimicrobials along with the mechanisms of resistance
to β-lactams. Selected strains were subjected to Principal Component Analysis (PCA)
followed by Random Amplified Polymorphic DNA (RAPD) analysis for comparison. Whole
genome sequencing (WGS) was performed on the selected KVA strains.

2. Materials and Methods
The study analyzed 108 K. variicola (KVA) strains isolated from various clinical

specimens collected from hospitalized patients. The strains were obtained from infection
cases including urine (38), blood (15), wound swabs (14), bronchoalveolar lavage (11),
pus (9), vascular prostheses (9), bile (4), peritoneal fluid (4), and tissue (1). Additionally,
three strains were isolated from cases of gastrointestinal tract colonization. All specimens
were collected during routine diagnostic procedures in the microbiology laboratory.

The strains were identified using MALDI-TOF MS with the MALDI Biotyper Microflex
LT/SH system (Bruker, Bremen, Germany), with each strain analyzed in triplicate. For
identification, Bruker Biotyper software version 7.0.0.1 was used. The susceptibility of the
strains to selected antimicrobials was determined using the automated Phoenix M50 system,
with NMIC-408 Panels (Becton-Dickinson, Franklin Lakes, NJ, USA), and interpreted
according to EUCAST Recommendations [13].

Extended-spectrum β-lactamase (ESβL) enzymes activities were detected by double
disc synergy test. For strains resistant to carbapenems, the ability to produce carbapene-
mases was determined using Carbapenem Inactivation Method [14], and double disc tests
with EDTA and boronic acid.

The presence of ESβL genes was evaluated using standard PCR. Bacterial DNA was
isolated using the GeneMATRIX kit (EURx, Gdańsk, Poland). blaCTX-M and blaSHV genes were
detected according to Jemima and Verghese [15] and blaTEM gene according to Bali et al. [16]. PCR
products were detected by electrophoresis in 1.5% agarose (Sigma, Aizu, Japan) gel containing
MidoriGreen (Nippon Genetics GmbH, Dueren, Germany) and 1× TBE buffer (Bio-Rad, Irvine,
CA, USA). Electrophoresis conditions were as follows: 80 V and 85 min.

Simultaneously, the genes encoding ESβL and carbapenemases were investigated us-
ing the eazyplex® SuperBug CRE test (AmplexDiagnostics GmbH, Gars am Inn, Germany).

For ESβL-positive KVA strains, PCA was performed based on the peaks acquired from the
MALDI-TOF instrument. Additionally, dendrogram clustering was carried out using MALDI
Biotyper Compass Explorer software to visualize the hierarchical relationship between the ana-
lyzed KVA isolates, adopting default settings according to the manufacturer’s instructions. The
closely related KVA strains identified in the PCA were compared using the RAPD method with
the primer AP5 (5′CGGGTC ATTTATTGTACCCCTAGTCACGGC3′) (Genomed, Warszawa,
Poland). PCR products were detected by electrophoresis in a 1.5% agarose gel (Sigma, Japan)
containing MidoriGreen (Nippon Genetics GmbH, Germany) and 1× TBE buffer (Bio-Rad,
USA). Electrophoresis conditions were as follows: 60 V and 150 min.

For the selected MDR KVA strains (one isolated from a wound swab and ESβL-positive; one
isolated from blood and ESβL-positive; and one isolated from urine and ESβL-negative in the
eazyplex® SuperBug CRE test but ESβL-positive in standard PCR; strains number 8, 9 and 10,
respectively), WGS was performed. Moreover, all ESβL-positive KVA strains exhibited similar
MALDI TOF spectra and drug susceptibility profiles. For library preparation, 300 ng of genomic
DNA was used following the DNA PCR-Free Prep protocol (Illumina, San Diego, CA, USA),
in accordance with the manufacturer’s guidelines. Paired-end sequencing (2 × 150 bp) was
performed on an Illumina NovaSeq platform (Illumina, CA, USA). The FASTQ files underwent
quality analysis using the FastQC tool. Adapters, duplicates, and low-quality sequences were
removed using Trimmomatic. A de novo assembly was performed using Spades v3.11.1
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https://github.com/ablab/spades (accessed on 30 January 2024). For species identification and
confirmation, we utilized the tools: Ribosome MLST from PubMLST and Pathogen Watch. The
sequences were deposited in GenBank under BioProject Number PRJNA1071560.

3. Results
A total of 40 (37.0%) KVA strains were isolated as a monoculture: 17 from urine, 14

from blood sample, 4 from pus, 2 from peritoneal fluid, 2 from prostheses and 1 from bile.
In the mass spectrometry, the obtained identification index for 79 (73.1%) KVA strains was
over 2.300 and for 29 (26.9%) strains, the score ranged between 2.000 and 2.299.

Most of the analyzed KVA strains were susceptible to antimicrobials. Specifically, the
majority showed susceptibility to imipenem (99.1%), meropenem and amikacin (96.3%).
However, the lowest susceptibility rates were observed with cefuroxime (23.6%). Antimi-
crobial susceptibility results of the analyzed strains are presented in Table 1.

Table 1. Antimicrobial susceptibility of the KVA strains (n = 108).

Antimicrobial

Percentage of Strains (%)

Susceptible Susceptible
(High Exposure) Resistant

Amoxicillin-clavulanate 57.1 16.2 26.6
Piperacillin-tazobactam 82.4 0.9 16.7

Cefuroxime 23.6 50.0 26.6
Cefotaxime 87.9 - 12.1
Ceftazidime 85.5 1.8 13.0

Cefepime 85.2 0.9 13.9
Imipenem 99.1 - 0.9

Meropenem 96.3 0.9 2.8
Ertapenem 94.5 - 5.5
Gentamicin 92.6 - 7.4
Amikacin 96.3 - 3.7

Tobramycin 88.6 - 10.4
Ciprofloxacin 89.8 2.7 7.7
Levofloxacin 90.5 1.8 7.7

Trimethoprim-sulfamethoxazole 85.0 - 15.0

With the phenotypic method for ESβL detection, 12 (11.1%) ESβL-positive strains
were detected. In strain No. 13, no inhibition zones were observed, making interpretation
impossible. Six (5.6%) strains were resistant to at least one carbapenem, but none produced
carbapenemases. All three ESβL genes were confirmed in four strains. The detailed data
on β-lactamases genes detected, among the examined strains, are presented in Table 2.

Table 2. The β-lactamases genes detected amongst the analyzed KVA strains (n = 13).

Strain Standard PCR CRE Test

1 SHV CTX-M 1
2 SHV -

3/5/11 CTX-M, SHV CTX-M 1
4 CTX-M, TEM CTX-M 1

6/7/9/13 CTX-M, SHV, TEM CTX-M 1
8 CTX-M CTX-M 1
10 CTX-M, TEM -
12 TEM CTX-M 1

In the PCA, only five strains were closely related. Two strains isolated from urine
samples of two patients (No. 6 and 7) were closely related (level 0.3). They were also
similar to the strain isolated from blood (No. 9) at a similarity level of 0.4 (purple colour).

https://github.com/ablab/spades
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Additionally, two strains cultured from a wound swab and BAL (No. 5 and 11) were closely
related (level 0.4) (blue colour) (Figure 1).

 

Purple colour—clone 1, green colour—clone 2, red colour—clone 3, blue colour—clone 4 (strains related at 

various levels), black colour—genetically different strain. 

Figure 1. PCA dendrogram of ESβL-positive KVA strains (n = 13).

As for the RAPD technique, an identical electrophoretic profile of the strains was
obtained only for strains isolated from urine (strains No. 6 and 7) (Figure 2). These
strains were cultured from patients hospitalized at the same clinic at the same time. Both
strains were isolated in monoculture. The remaining strains were cultured from patients
hospitalized at different times and in different clinics.

 

Figure 2. RAPD pattern for selected KVA strains.
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The ribosomal MLST analysis showed that all the samples matched 100% with Klebsiella
variicola subsp. variicola, specifically with ribosomal sequence type (rST) 44139. These
findings were confirmed independently using the PathogenWatch platform.

The genome assemblies were as follows:
Sample MEDLv-3793_AS4 was assembled into 5,870,980 base pairs, spread across

19 contigs, with a GC content of 57.1%.
Sample MEDLv-3934_AS4 had 5,701,052 base pairs, distributed in 28 contigs, and a

GC content of 57.3%.
Sample MEDLv-3958_AS4 was assembled into 5,711,018 base pairs across 28 contigs,

with a GC content also 57.3%.

4. Discussion
KVA was initially discovered in 2004 by Rosenblueth et al. [17] as a novel species of

Klebsiella typically isolated from plants. Over the years, an increasing number of reports
have identified KVA as a causative agent of human infections. Therefore, the reliable and
rapid identification of these strains is crucial and holds significant clinical relevance. The
reported frequency of KVA isolation varies, ranging from 2.1% to 11% [18,19]. KVA is
associated with various infections, with the most common being bacteraemia, including
catheter-related infections [10,20–22]. In the study by Legese et al. [10], KVA was the second
(18.1%) most frequently isolated pathogen from blood, following K. pneumoniae (KPN).
Imai et al. [8] observed that the most common source of bloodstream infection was the
abdominal cavity (47.4%), followed by the urinary tract. Long et al. [21] analyzed 13 KVA
strains, finding that over 30% were cultured from urine. Conversely, Harada et al. [23]
noted that while bloodstream infections were predominant (62.5%), the primary sources
were bile ducts and urinary tract. In this study, the majority of strains were isolated
from urine, blood, and wound swabs, accounting for nearly 64% of cases. KVA primarily
affects immunocompromised patients, including those with oncological conditions, diabetic
and those hospitalized in Intensive Care Units (ICU) [5,8,22,24,25]. Several authors have
reported outbreaks of KVA in neonatal and children settings [24,25]. In this study, only two
strains were isolated from neonates. The majority of analyzed strains were cultured from
surgical (over 30%) and ICU patients (almost 18%), with approximately 9% originating
from oncological patients.

KVA may also colonize in patients, particularly the gastrointestinal or upper respi-
ratory tract [26,27]. Due to their low nutritional requirements, these bacteria can also
inhabit hospital environments [28]. Tsukada et al. isolated KVA strains producing IMP-1
carbapenemases from waste room sinks and hospital room sinks. In a university hospital,
KVA strains were isolated from sink syphons and the pre-surgery room working table
(unpublished data). The increasing frequency of KVA strain isolation from infections un-
derscores the importance of reliable identification and differentiation within the KPNc.
Mass spectrometry is a highly effective method for identifying these bacteria [10,26,29].
Ohama et al. [26] highlighted the importance of the library version in their study. The
authors compared two versions of the library, version 4.0.0.0 and 9.0.0.0, for Matrix Assisted
Laser Desorption/Ionization (MALDI, Bruker Daltonik) analysis and obtained differing
results. In the first version, only 12 strains were identified as KVA, whereas in the second
version, 26 strains were identified. Similarly, Imai et al. [8] employed the same method
using version 4.0.0.1 of the library, which initially identified the strains as KPN. However,
a PCR analysis later revealed that these strains were misidentified. Conversely, Long
et al. [30] initially identified strains using version 6.0.0.0. of the MALDI TOF Biotyper
library as KPN, but the WGS confirmed them as KVA. In this work, among the 1777 (0.73%)
strains analyzed, 13 were identified as KVA. Rodríguez-Medina et al. [4] pointed out that
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library version 4.0.0.0. did not include spectra for KVA, whereas version 6.0.0.0 contained
spectra for both species. Voellmy et al. [29] emphasized the importance of updating the
library for accurate identification of KVA strains using mass spectrometry. Challenges arise
in distinguishing other species from the KPNc due to their close relationship. Some authors
suggest that whole genome sequencing is the best identification for KVA, but this method is
often unavailable for routine diagnostics. In this work, only three isolates underwent WGS,
and the identification was consistent with mass spectrometry.

The analyzed strains were mostly multidrug-susceptible (MDS) to antimicrobials.
More than 95% of KVA strains were susceptible to imipenem, meropenem, and amikacin.
Similar results were obtained by other authors [9,26]. Ohama et al. [26] analyzed
26 MDS strains of KVA. In this study, all of the analyzed strains were susceptible to
ampicillin-sulbactam, piperacillin-tazobactam, cefmetazole, ceftriaxone, ceftazidime, ce-
fepime, meropenem, levofloxacin, gentamicin, and amikacin. None of the analyzed KVA
strains produced ESβL. In contrast, Legese et al. [10] reported cephalosporin resistance
rates ranging from 62.3% to 68.8% among 228 strains. Isolates were cultured from blood
and the study included 77 strains. Conversely, Huang et al. and Zurfluh et al. reported
MDR KVA strains producing carbapenemases [5,31]. In our study, although we did not
identify strains producing carbapenemases, 12% of the analyzed strains were found to be
MDR. Previous studies have described various mechanisms of antimicrobial resistance in
KVA; however, the number of MDR strains reported has been limited. An exception is the
study by Legese et al. [10], which identified 71.4% of MDR KVA among the 77 analyzed
strains. In this study, more than 90% of the strains were susceptible to amikacin, gentamicin
and levofloxacin, and almost 90% were susceptible to ciprofloxacin. In the available litera-
ture, articles typically present clinical cases or susceptibility to antimicrobials in various
strains. An exception is the study by Voellmy et al. [29]. The authors analyzed 9899 KVA
strains, of which 97.1% were susceptible to 3rd and 4th generation cephalosporins, 97.8% to
ciprofloxacin, 98.3% to gentamicin, and 99.9% to carbapenems. On the other hand, Legese
et al. [10] reported 81.8% susceptibility to amikacin, 31.2% to gentamicin, and 62.3% to
ciprofloxacin. In contrast, Garza-Ramos et al. [18] noted the highest number of KVA strains
susceptible to piperacillin-tazobactam, fluoroquinolones and tetracycline. All 24 strains
were susceptible to the aforementioned antimicrobials. Differences in the susceptibility of
KVA strains to antimicrobials may be associated with the frequency of use of specific drugs
and the frequency of isolation of MDR strains in the hospital.

In the literature, there are articles describing the isolation of both KVA and KPN strains
from the same sample simultaneously. For instance, Morales-León et al. [22] isolated strains
of both species from catheter, while Huang et al. [5] isolated them from sputum. All of these
strains were MDR. In our hospital, these two species were isolated from three cases. In the
first case, strains were isolated from pus: a KPN ESβL-negative and a KVA ESβL-positive
strain. In the second patient, isolates were cultured from urine and were MDS. In the third
case, strains were isolated from a prosthesis: a KPN ESβL-positive MDR strain and a KVA
ESβL-negative strain.

The results of the study indicate that more than 12% of KVA strains produced ESβLs.
The results obtained in the CRE test and PCR were largely consistent for most strains.
However, we observed three discrepancies. For two strains (No. 8 and 13), the blaSHV

and blaTEM genes were detected in PCR, while blaCTX-M1 was detected in the eazyplex®

SuperBug CRE test. For one strain (No. 10), the blaSHV gene was detected in PCR, but the
eazyplex® SuperBug CRE result was negative. In all three strains, these differences may
be attributed to the limitations of the eazyplex® SuperBug CRE assay, which only detects
ESβLs from the CTX-M 1 and -9 groups. For strains numbered 8 and 13, the amplification
cycle is particularly crucial, as it is strictly defined for each gene; any deviation may result in
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a false negative outcome. Such a scenario cannot be ruled out for these strains. PCR enables
the detection of various genes encoding ESβLs, but it requires time and the use of multiple
primers. Therefore, the eazyplex® assay can serve as an alternative to PCR, particularly for
MDR strains. In the study by Watanabe et al. [9], all 31 KVA strains isolated were ESβL-
negative. Garza-Ramos et al. [18] observed a high percentage of ESβL-positive KVA strains,
reaching 56.5%. In our study, the majority of ESβL-positive strains produced CTX-M (over
76% or 84% depending on the method) enzymes. This finding is not unexpected, given
that CTX-M enzymes have been predominant in Poland for several years. However, in the
study by Garza-Ramos et al. [18], the most commonly identified ESβL was SHV (91.6%),
with only one strain producing the CTX-M enzyme. Variations in the prevalence of ESβL-
producing KVA strains may be attributed to their epidemic potential and their ability to
acquire resistance genes from other hospital strains.

5. Conclusions
While KVA strains continue to exhibit susceptibility to antimicrobials, ongoing moni-

toring of their susceptibility to antibacterial drugs is essential. The isolation of MDR KVA
strains underscores the importance of precisely identifying even less frequently isolated
species of Enterobacterales, as they may hold clinical importance and have the poten-
tial to produce enzymes that pose significant threats. Further research is warranted to
comprehensively understand the virulence and role of these bacteria in human infections.
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