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Abstract

Only two plasmid-mediated carbapenemases (KPC-2 and VIM-1) are reported in Klebsiella grimontii. Here, we report
two blaypc_s-positive isolates that were identified as K. oxytoca and E. coli by MALDI-TOF MS in the same rectal swab.
Whole-genome sequencing indicated that K. oxytoca was actually K. grimontii of ST391, whereas E. coli was of ST10. In
both, blaygp 3 was carried by a pQil conjugative plasmid. The core-genome analysis identified additional blayp--positive K.
grimontii strains from public databases, most of which were misidentified as K. oxytoca. Since K. grimontii represents an
emerging reservoir of resistance traits, routine tools should improve their ability to detect this species.
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Klebsiella grimontii is an emerging pathogen associated
with human infections and gut colonization that is frequently
misidentified as Klebsiella oxytoca (e.g., implementing the
matrix-assisted laser desorption ionization time of flight
mass spectrometry, MALDI-TOF MS) [1, 2]. K. grimon-
tii possesses a specific chromosomal f-lactamase gene
(blagxy.e) [3], but it can also acquire other antibiotic resist-
ance genes (ARGs) via mobile genetic elements (MGEs). In
particular, the recent reports of carbapenemase-producing K.
grimontii possessing plasmid-mediated blaypc., (China) and
blayp., (Switzerland) are worrisome [2, 4]. Notably, very
little is known about the K. grimontii ability to horizontally
transfer such plasmids to other Enterobacterales.

In August 2020, following multiple hospitalizations
caused by respiratory infections (starting in January with a
respiratory syncytial virus bronchiolitis and including both
methicillin-susceptible Staphylococcus aureus and Hae-
mophilus influenzae), a 10-month old girl was admitted to

< Andrea Endimiani
andrea.endimiani @ifik.unibe.ch; aendimiani @ gmail.com

Institute for Infectious Diseases (IFIK), University of Bern,
Friedbiihlstrasse 51, CH-3001 Bern, Switzerland

Graduate School of Cellular and Biomedical Sciences,
University of Bern, Bern, Switzerland

Clinical Microbiology and Virology Unit, A. Manzoni
Hospital, Lecco, Italy

Published online: 28 May 2022

a hospital based in Genoa (Italy) for the surgical manage-
ment of grade 4 subglottic stenosis. During hospitalization,
a KPC-producing Klebsiella pneumoniae strain (KPC-Kp)
was detected from the tracheal aspirate and urine samples.
In October 2020, the patient was discharged at home. One
month later, the patient was admitted to the Alessandro Man-
zoni Hospital (Lecco, Italy) due to respiratory distress. At
admission, the patient underwent a screening rectal swab
for multidrug-resistant organisms that was directly streaked
on different selective media including both a specific chro-
mogenic medium for carbapenem-resistant Enterobacterales
(Brilliance CRE Agar, Oxoid) and a MacConkey agar plate
(bioMérieux) where disks of ertapenem (10 pg) and mero-
penem (10 pg) were placed. As a result, two carbapenem-
resistant strains were routinely identified using VITEK 2
(bioMérieux) and MALDI-TOF MS (VITEK MS, bioMé-
rieux; software version, v3.2 Database): Escherichia coli
LC-1302-2020 (confidence value, 99.9%) and K. oxytoca
LC-1303-2020 (confidence value, 99.9%). Notably, strain
LC-1303-2020 was also identified as K. oxytoca (score
2.28) by using another MALDI-TOF MS apparatus [Bruker;
FlexControl v3.4 (build 135); MBT Compass v4.1.100.10;
BDAL RUO Library 10 (9607 MSPs)]. The infant was dis-
charged after 2 weeks of hospitalization, where no infections
due to carbapenem-resistant Enterobacterales were recorded.

Based on whole-genome sequencing (WGS) data and the
Type (Strain) Genome Server (https://tygs.dsmz.de/), the E.
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coli species identification was confirmed, whereas K. oxy-
toca was actually a K. grimontii. Antimicrobial susceptibility
testing performed using a broth microdilution GNX2F Sen-
sititre panel (Thermo Fisher Scientific) indicated that both
isolates were resistant to different classes of antibiotics and
showed reduced susceptibility to carbapenems (Table S1).
WGS was performed combining NovaSeq 6000 (Illu-
mina) and MinION (SQK-RBKO004 library; FLO-MIN
106D R9 flow-cell; Oxford Nanopore Technologies) to
generate complete genome assemblies (i.e., circular)
with Unicycler v0.4.8 using the hybrid pipeline with
default parameters as previously described [2, 5, 6].
The complete hybrid genomes were analyzed with the
tools from the Center for Genomic Epidemiology (www.
genomicepidemiology.org/). The genome assemblies of
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Fig.1 Circular BLASTn comparison of the blagpcs-carrying plasmid
in LC-1302-2020 and LC-1303-2002 against other deposited plasmids.
Plasmids and their similarities are represented by the colored rings. The
CDS/genes and IS elements of interest are represented by colored arrows
(red: blagpc.s; blue: other ARGs; black: IS elements; orange: replicon
genes; green: replicon sequence type) with corresponding annotations
(red: blaygpc.s; blue: other ARGs). The approximate regions for the sil,
copACBD, and ars operons, as well as fra genes, are indicated by the
dashed lines and purple CDS/genes. The approximate region of the trans-
poson associated with blagpc 3 (Tn4401a) is shown above with dashed
lines. For the plasmid comparison, we show the carbapenemase gene of
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LC-1302-2020 (GenBank: CP091756-CP091761) and
LC-1303-2020 (GenBank: CP091752-CP091755) are
available under BioProject PRINA801146.

E. coli LC-1302-2020 belonged to sequence type 10
(ST10) and its chromosome harbored the mdfA ARG. The
strain also carried 5 plasmids, of which p1-LC-1302-2020-
KPC3 (298.9 kb) of IncFIB(pQil) replicon sequence (also
known as pQil) and possessing blagpc.3, blacrx.m.iss
blarpy g, Ablagxa1.ie aac(3)-1la, aac(6')-1b-cr, aph(3")-1b,
aph(6)-1d, dfrA14, qnrB1, sul2, and tet(A) ARGs (Fig. 1). K.
grimontii LC-1303-2020 belonged to a new ST (ST391)
since it carried a new infB allele (infB-54). Its chromosome
harbored the blagxy.¢_4 gene. Three plasmids were also pre-
sent, of which plasmid p1-LC-1303-2020-KPC3 (252.9 kb)
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the reference plasmid (in black), name, main replicon sequence type, size,
and the GenBank accession (in blue); on the left, we show the GC con-
tent, GC skew, and the metadata corresponding to the plasmids used for
the circular BLASTn comparison (GenBank accession [in blue], plasmid
name, main replicon sequence type, size, blaypc [in red], isolation year,
country, isolation source, and host. The IS annotations shown were anno-
tated with ISfinder (https://www-is.biotoul.fr/) using BLASTx search. The
circular BLASTn comparison was generated with BLAST Ring Image
Generator v0.95 (https://github.com/happykhan/BRIG)
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carried an identical replicon sequence and ARGs as in p1-LC-
1302-2020-KPC3 (Fig. 1).

Both plasmids were identical to each other (identity,
99.97%) and harbored the blayp 5 in the archetypal Tn4401a
element [7]. However, p1-LC-1302-2020-KPC3 was ~40 kb
larger, possibly due to a duplication event (Fig. S1). Similar
duplications have been reported in other blagpq ;-carrying
pQil (blagpc.5-pQil) plasmids in K. pneumoniae isolated
from the same patient [8].

More importantly, both plasmids were closely related
(coverage: 92-96%; identity: 99.25-100%; PLSDB Mash
distribution plasmid search analysis) to two other deposited
pQil plasmids hosted in K. pneumoniae: a blagpc_, plasmid
(pJYCO1A) from an outbreak in South Korea and a blaypc_3,
plasmid (pKpQIL_pKPN) recently isolated during a study
in Italy (Fig. 1) [9, 10]. In this latter survey, it was also
noted a high prevalence of high-risk ST512 KPC-Kp strains
that possessed the pQil plasmid, suggesting the endemic-
ity of this MGE [9]. Overall, these observations may indi-
cate that K. grimontii cooperates with K. pneumoniae in the
dissemination of such hyperepidemic multidrug resistance
plasmids. It can be also speculated that the KPC-Kp strain
colonizing the intestinal tract of the infant during the first
hospitalization was the donor of the blaypc_3-pQil plasmid to
either E. coli LC-1302-2020 or K. grimontii LC-1303-2020.

Country Sources

Unfortunately, such KPC-Kp strain was not available for fur-
ther WGS analyses and plasmid-to-plasmid comparison.

To support our hypotheses, liquid conjugation experiments
with the rifampicin-resistant E.coli recipient strain J53d-
R1 were conducted at 37 °C for 16 h as previously done [2].
Transconjugants (TCs) were selected on MacConkey agar
plates supplemented with rifampicin (50 mg/L) and ampicillin
(100 mg/L). TCs showing reduced susceptibility to p-lactams
and other classes of antibiotics were obtained (Table S1)
with both donor strains. In particular, the conjugation effi-
ciencies (average of 3 replicates) were: 1.2x 10~ for E. coli
LC-1302-2020 and 1.8 x 10~ for K. grimontii LC-1303-2020.
The obtained TCs were blagp--positive according to a PCR
performed as previously done [11]. These results confirm the
ability of K. grimontii to transfer the blayp- 5-pQil plasmid to
other Enterobacterales, such as E. coli.

To further investigate the spread of the blaygp--possessing
K. grimontii (KPC-Kg) strains, a database search for other
genomes (File S1) and core genome alignment were con-
ducted as previously done (35965 SNVs across 12 genomes;
88.1% average alignment) [2, 5, 12, 13]. As shown in Fig. 2,
we further identified 3 blagpcs- and 8 blagpc ,-positive
genomes (mostly from North America) belonging to dis-
tinct STs. As expected, K. grimontii strain LC-1303-2020
was unique from all other KPC-Kg (range of ASNVs:

@ nay ] Human cp? Other bla®
@ usA [ ] Environment
© Canaca v s § A
58 & F & s 2 &
@ chna éuké;ggéuﬁéf 5“’&@3&0&\ 5555533
werkeo20121 2017) IIL ][] | (i [ ] (| L sTars
3 Lc-1303-2020 2020) | I [ | H EE N ] JLIL L L JsTaot
e 2020ck-00211 (2019) | [ I[ | HEER [ BR[| || Il sT214/261-like
14153-14712 ASNVs. W{ 30.258 ASNVs. P 2021QW—00069(2021)-D.D- -DD.D.-D.-L___H..D
= Sl cvemeos I (s
caveszo2o17) [ I ][ M H | N H N N EE
o CAV2377 (2014) m (W | | [ ([ ] [ |l sT184/225-like
— Avp200 2015) [ I 1 [ |l sT89-ike
xxxxx pene § O W W ]
o 9 0LC2669 (2017) H | HE H W | (57173
owcz670 2017) [l ] | (i (] | | |
e s 00 olczera 2017y |l ] | (W (m L

Fig.2 Core genome phylogeny of LC-1303-2020 and other
blagpc.o.s-carrying K. grimontii (n=12). A total of 8 K. grimon-
tii genomes included from publicly available databases (retrieval
date: 16-18/Feb/2022; NCBI Genomes, n=143; Pathogen Watch,
n=99) were screened for blagp- and blagyxy genes with Klebo-
rate v2.0.4 with default parameters. Sequence type was determined
with MLST v2.19.0 using the K. oxytoca scheme. Simultaneously,
the NCBI Pathogen Detection web tool (https://www.ncbi.nlm.nih.
gov/pathogens) was used to identify K. grimontii genomes depos-
ited under the K. oxytoca organism group (n=1000; query: “tax-
group_name:Klebsiella oxytoca AND AMR_genotypes:blaOXY-6*
AND AMR_genotypes:blaKPC*”), which resulted in 3 nonredundant
blaypc- and blagyy ¢-positive K. grimontii genomes. Genomes with
no BioSample metadata were excluded (n=30). Genome assemblies
were generated with SPAdes v3.14.0 with read correction (param-
eter: careful) and used for final species ID with TYGS, ARG and
replicon sequence screening with the CGE tools (ResFinder v4.1;
PlasmidFinder v2.1). A recombination-free core genome alignment

was conducted with Snippy v4.4.5 and Gubbins v2.3.4 with default
parameters using the complete genome of LC-1303-2020 as refer-
ence. Phylogeny was inferred by maximum likelihood with IQ-TREE
v2.1.2 using a GTR nucleotide substitution model with ascertainment
bias correction (parameter: GTR +ASC) and 1000 ultrafast bootstrap
(UFBoot) (parameter: -bb) and the SH-aLRT test (parameter: -alrt).
The tree was visualized and annotated with iTOL v1.6. Countries
are represented by the colored circles; strain or isolate name and col-
lection date are highlighted by isolation source (as per BioSample
metadata). Delta SNVs (ASNVs) represent core genome similarities
between two or more genomes. Bootstrap support values are shown
on branches (SH-aLRT and UFboot, respectively). The tree scale rep-
resents the average number of nucleotide substitutions per site. *Car-
bapenemase gene. °Other bla genes present; an asterisk corresponds
to a variant from the same family. An asterisk in blagy, in LC-1303—
2020 corresponds to Ablagya_ike- ‘Replicon sequence types identi-
fied by PlasmidFinder at 50% minimum identity.
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14'153-14"712). As well, read mapping of all other KPC-Kg
against p1-LC-1303-2020-KPC3 confirmed that this pQil
plasmid was not present in any of those 11 genomes (data
not shown). Notably, as we have shown in our previous work
exploring the spread of blay,.,-possessing K. grimontii,
more KPC-Kg (mostly misidentified as K. oxyfoca) in human
and environmental sources have been identified since [2].

The identification of pQil replicon sequences in other depos-
ited K. grimontii (Fig. 2) suggests an exchange, so far unde-
tected, of this type of plasmids between closely related species
(e.g., K. pneumoniae to K. grimontii). We also note that blayp-
pQil plasmids have been reported worldwide in other species
(e.g., E. coli and Klebsiella aerogenes) [7, 14]. Our conjugation
experiment results and the finding of E. coli LC-1302-2020
demonstrated, in fact, that the horizontal transfer of the blayp 5-
pQil plasmid between different species is possible and can favor
the expansion of KPC-producing pathogens.

In conclusion, we reported the first blagpc_3-carrying
K. grimontii isolate. The strain was isolated from the gut
of a patient concurrently with an E. coli carrying the same
blagpc_5-pQil conjugative plasmid. We also showed that
other non-clonally related KPC-Kg possessing blagpc_y/.3
were published and/or erroneously deposited in various
databases as K. oxytoca [15].

Overall, our findings emphasize the importance of cor-
rectly identifying K. grimontii because it represents an
emerging reservoir of ARGs threatening our antibiotic arma-
mentarium. As long as MALDI-TOF MS databases are not
updated to correctly identify this pathogen, we recommend
achieving species identification by using molecular methods
(e.g., sequencing of blayyy) or, alternatively, reporting the
results as K. oxytoca complex [3].
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