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Global silent transmission of the class A B-lactamase LAP-2 by plasmid
transfer and clonal expansion of Klebsiella pneumoniae lineages

Nathdlia Maria Santiago Bighi, Sérgio Mascarenhas Morgado, Fernanda dos Santos Freitas,
Ana Carolina Paulo Vicente, Erica Lourenco da Fonseca/*

Fundagao Oswaldo Cruz-Fiocruz, Instituto Oswaldo Cruz, Laboratério de Genética Molecular de Microrganismos, Rio de Janeiro, R, Brasil

BACKGROUND Narrow-spectrum antibiotics, such as narrow-spectrum [B-lactams, have been pointed out as an efficient
strategy to mitigate resistance and reach successful outcomes in treating enterobacterial infections. The narrow-spectrum
class A B-lactamase LAP-2, conferring resistance to narrow-spectrum cephalosporins/penicillin derivatives, is spread among
Enterobacteriaceae from Asia but is rarely reported in the Americas. Due to the lack of information concerning the bla,,,,
genetic background involved with its dissemination, this study determined the bla_, ., genomic environment and contextualised
the LAP-2-positive Klebsiella pneumoniae strains from Brazil in the current epidemiological scenario.

OBJECTIVES This study characterised LAP-2-positive K. pneumoniae strains, focusing on their genetic environment and
epidemiology.

METHODS Whole-genome sequencing and in silico analyses were performed to identify the genetic context of bla, , . in five
clinical isolates from Brazil. Comparative genomics and phylogenomic analysis were conducted to investigate the transmission
dynamics of bla globally.

LAP-2

FINDINGS The bla,, , , gene was embedded in a conserved genetic module (IS3-bla, , , -fts]), facilitating its dissemination among
diverse Enterobacteriaceae species. The Brazilian strains harboured bla, ,,, within a pXJ-K2 variant plasmid, a key vector in
LAP-2 spread. Phylogenomic analysis revealed that, in Brazil, bla was carried by an ST11 K. pneumoniae lineage distinct
from the Chinese lineage but globally disseminated.

LAP-2

MAIN CONCLUSIONS This study provides insights into the epidemiology and transmission dynamics of bla ,, ., revealing
its silent spread via plasmid transfer and clonal expansion of ST11 lineages. The high transmission potential of bla ,,, may
compromise the application of narrow-spectrum p-lactams as a viable treatment option for enterobacteria-causing infections.
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The antibiotic resistance crisis is one of the world’s
most urgent health challenges that has been attributed to
the overuse and misuse of antimicrobial agents, contrib-
uting to the emergence of “superbugs”. In this context,
the use of narrow-spectrum antibiotics in clinical prac-
tice, such as narrow-spectrum cephalosporins and pen-
icillin derivatives, has been pointed out as an efficient
approach to optimise antibiotic use and mitigate the
problem of resistance emergence to broad-spectrum an-
tibiotics.)” For example, the effectiveness of ampicillin
(a narrow-spectrum penicillin derivative) in association
with a natural constituent of green tea against multid-
rug-resistant (MDR) Escherichia coli strains has been
demonstrated.® Similarly, another narrow-spectrum
penicillin derivative (temocillin) has been proposed as
an alternative to carbapenems for treating acute pyelo-
nephritis and other infections due to extended-spectrum
B-lactamase (ESBL)-producing Enterobacteriaceae.®
Also, the cefoxitin, a narrow-spectrum cephalosporin,
has been suggested as a definitive therapeutic option

for bacteraemia caused by ESBL-producing Klebsiella
pneumoniae, sparing carbapenems and reducing the se-
lection of carbapenem-resistant strains. This strategy
would drastically reduce the ecological impact and the
selection pressure on commensal flora, thereby contain-
ing the emergence of resistance.®

The bla,,,  and bla,,,, alleles, differing by one ami-
no acid substitution, code for narrow-spectrum Class A
B-lactamases, and were concomitantly identified in ge-
netically unrelated Enterobacter cloacae strains from
France, Vietnam, and China, respectively.®”® These al-
leles confer resistance to first-line cephalosporins and
penicillin derivatives, and they are featured by their di-
rect association with the gnrS1 gene, a plasmid-mediated
determinant conferring resistance to quinolones, which
might account for resistance to both antimicrobial class-
es. The bla ,,, associated with gnrSI has been reported
in several enterobacterial species across multiple coun-
tries.®'*') However, despite bla ,,, widespread poten-
tial, this gene has never been reported in the Americas
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until recently, being identified only in one E. coli strain
from Cuba and one Leclercia adecarboxylata strain
from Brazil, both from animal sources.!>!?

The intricate link of bla, , ., and gnrSI strongly sug-
gests that these genes are in a specific genetic platform
that is being transferred and disseminated by plasmids.
(141516 However, there is a lack of information concerning
the intrinsic bla, ,,, genomic context and the genetic el-
ements involved with its dissemination. Until now, only
one plasmid, pXJ-K2 (Accession number CP032243.1),
recovered from a hypervirulent and MDR K. prneumoni-
ae strain from China in 2018, was completely sequenced,
revealing the direct genomic context of bla ,,,." The
lack of information on the occurrence and dissemination
of certain antibiotic resistance genes, such as bla .,
sometimes leads to the erroneous conclusion that these
genes are restricted to some niches or have a discrete
distribution. For example, the mobilisable colistin resist-
ance mcr-1 gene, although reported in 2011, was silently
widespread since the 2000s embedded in a highly con-
served immediate genetic background that various plas-
mid types have harboured.!” This scenario reveals the
impact of this silent dissemination on public health, since
the prevalence of these genes may be underestimated, as
recently demonstrated for mcr-9.1 gene.!®

During a genomic study, we identified the bla, ,,,in
MDR and extensively drug-resistant (XDR) K. pneumo-
niae strains recovered from Roraima and Rio de Janeiro.
This gene had never been reported in clinical cases in
the Americas to date. Therefore, based on the presented
gaps and the still open questions about LAP-2, and due
to the rarity of reports of this gene in the continent, this
study raised some relevant questions: Is the bla, , , , be-
ing spread in the context of a genetic module or in an in-
dependent way? Is the bla , , , being spread by a specific
plasmid? Is the bla, ,, , being spread among K. pneumo-
niae by a specific lineage? To address these questions,
we performed a large-scale genomic analysis to unravel
the current epidemiological scenario of LAP-2 and to de-
termine its genetic environment among bacterial species
spatio-temporally distributed.

MATERIALS AND METHODS

Studied strains - during a global genomic study on
MDR and XDR K. pneumoniae strains recovered from
hospitals in Roraima and Rio de Janeiro, five genomes
carrying the bla, , , resistance gene were identified. The
bla_,, -positive strains were recovered in 2016 and 2017
from tracheal secretion (KP68.2RR, KP46.2RR and
KP5133RR) and soft tissue (KP290RR) infections from
inpatients placed in the General Hospital of Roraima,
Boa Vista. One strain (KP205RJ) was isolated from a
urinary tract infection (UTI) case in the Sao Francisco
na Providéncia de Deus Hospital, Rio de Janeiro, 2022.
These clinical strains belong to the Bacterial Culture
Collection of the Laboratory of Molecular Genetics of
Microrganisms, FIOCRUZ.

Antimicrobial susceptibility test - the resistance pro-
file of the five bla ,,,-positive strains had been previ-
ously determined by the disc-diffusion method accord-

ing to the Clinical and Laboratory Standards Institute
(CLSI) guidelines" for the following antibiotics: Ampi-
cillin; Ampicillin+Sulbactam; Amoxicillin+Clavulanic
acid; Ticarcillin+Clavulanic acid; Piperacillin+Tazobac-
tam; Cefepime; Cefotaxime; Ceftazidime; Ceftriaxone;
Cefoxitin; Cefuroxime; Cephalothin; Ciprofloxacin;
Clarithromycin; Clindamycin; Chloramphenicol; Ertap-
enem; Meropenem; Imipinem; Doripenem; Gentamicin;
Tobramycin; Netilmicin; Amikacin; Doxycycline; Tet-
racycline; Minocycline; Trimetropim+ Sulfamethazole;
Aztreonam; Fosfomycin; Tigecycline. The minimum in-
hibitory concentration (MIC) of colistin was evaluated
by broth microdilution and interpreted according to the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) guideline.?” The current criteria for
resistance classification were applied.@"

Whole-genome sequencing and in silico analysis - The
genomes of the five strains from this study were obtained
on the Illumina Hiseq 2500 using the Nextera paired-end
library kit for library construction. SPAdes v3.15.2?? was
used for genome assembly and gene prediction and an-
notation were conducted with Prokka v1.14.6.%Y An in
silico multilocus sequence typing (MLST) analysis was
performed to determine the sequence type (ST) of the
five K. pneumoniae. The resistome was obtained with the
Comprehensive Antibiotic Resistance Database (CARD
- https://card. mcmaster.ca/) using the Resistance Gene
Identifier tool (RGI) criteria, in which only exact (Per-
fect) matches were considered (100% coverage and 100%
amino acid identity). The genomes obtained in this study
were deposited as follows: KP205RJ (Accession number:
JBHGVP000000000), KP5133RR (Accession number:
JBDXTF000000000), KP290RR (Accession number:
JALIZR000000000), KP68.2RR (Accession number:
JALIZT000000000), and KP46.2RR (Accession number:
JALIZS000000000).

Determination of bla, ,, , genetic context - Due to
the lack of information on the bla ,, genetic context in-
volved with its dissemination, it would be interesting to
determine whether this gene is being disseminated alone
or as a stable module among organisms and geograph-
ic regions. For this purpose, all genomes of the species
already reported in the literature as carrying bla, , ,al-
leles (either LAP-1 or LAP-2), such as K. pneumoniae, K.
aerogenes, E. coli, Salmonella enterica and Enterobac-
ter spp., were retrieved from GenBank. In the same way,
all complete plasmid sequences were retrieved from the
Plasmid Database (PLSDB). The bla, ,, and bla_,, ., al-
leles present in the CARD database were used as refer-
ences to screen these genomes and plasmids using the
Abricate program, with a cutoff of 100% sequence cov-
erage and 100% nucleotide identity. A total of 8,884 bla-
_ap-PoOsitive genomes and 326 plasmids were retrieved.
To investigate the direct genomic context where the
bla,, , gene is typically inserted, regions ranging from 5
kb upstream and 5 kb downstream from bla, , , were an-
alysed in all retrieved bla , -positive sequences (8,884
genomes and 326 complete plasmids) by pairwise com-
parison using blastN. The sequences sharing the same
bla, ,, direct genetic context were clustered and one



representative sequence of each cluster was chosen. The
arrangements with more remarkable differences in gene
synteny were visualised using the Clinker software.??

Comparison of bla, , -carrying plasmids - The
presence of plasmid replicons in the genomes from Bra-
zil obtained here was identified using PlasmidFinder
v.2.0 (Available from: https://cge.cbs.dtu.dk/services/
PlasmidFinder/). To trace the routes of bla, , , , transmis-
sion involved with its emergence in Brazil and to verify
whether previously described plasmids carrying bla, , .,
would be circulating in K. pneumoniae strains from Bra-
zil, the five genomes from this study and all 326 com-
plete bla,,, -harbouring plasmids available in PLSDB
database® were used in comparative analysis with the
BLAST Ring Image Generator (BRIG).?®

Phylogenomic analysis and genomic epidemiolo-
gy of LAP-2-positive K. pneumoniae - Finally, to veri-
fy whether the bla, ,, -positive K. pneumoniae strains
occurring in Brazil had already been reported in other
countries, the Mash v2.2.2@7 software was used to es-
timate the distance between the five Brazilian genomes
and the 6,734 bla_, , -carrying K. pneumoniae genomes
retrieved from GenBank. The genomes most close-
ly related to those obtained in this study were selected
[Supplementary data (Table)], and the core genome of
this subset was estimated using Roary v3.13.0.?® The
sites with single nucleotide polymorphisms (SNPs)
were extracted from the concatenated core genes us-
ing snp-sites v2.5.1.2% The phylogenetic reconstruction
was performed with IQTree v1.6.12,9 using the best-fit
substitution model (SYM+ASC+R4), to obtain a maxi-
mum likelihood tree with 1,000 ultrafast bootstrap repli-
cates. The tree was drawn using the iTOL web platform
(https:/itol.embl.de).CD

Ethics - Not required.
RESULTS AND DISCUSSION

The in silico MLST genomic analysis revealed that
the five bla ,, -positive strains from Brazil belonged to
the pandemic high-risk ST11 clone spread worldwide.>9
These strains were resistant to a broad range of antibi-
otics, such as ampicillin, ampicillin/sulbactam, amoxi-
cillin/clavulanic acid, ciprofloxacin, aztreonam, tigecy-
cline, and all tested cephalosporins, accounting for an
MDR (KP290RR, KP68.2RR, KP46.2RR) and an XDR
(KP205RJ, KP5133RR) phenotype (Table). Fosfomycin
was the only antibiotic to which all samples were sensi-
tive. This resistance phenotype was compatible with the
observed resistome, which was composed by antibiotic
resistance genes (ARGs) associated with resistance to
aminoglycosides (aac(3)-Ila, aadA2, aph(3)-la), fluo-
roquinolones (aac(6’)-1b-cr, gqnrSI), chloramphenicol
(catB4), trimethoprim (dfrA12), tetracyclines (tet(4)), sul-
phonamides (su//), quaternary ammonium compounds
(qacEAI), narrow- (bla ., bla, , . bla,., ), broad-spec-
trum B-lactams (bla.,, s blag,,.,,), and carbapenems
(blay,.,) (Table). It is worth mentioning the presence
of three (bla bla bla ) and four (bla

CTX-M-15° SHV-11 LAP-2°
bla sitvr, Dl pc,) Ambler class A B-lactamase

LAP-2°

bla

CTX-M-15°
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genes among these K. pneumoniae strains presenting mul-
tidrug and extensively drug resistance phenotypes. This
contributes to an increase in the amounts of B-lactamases
produced and, consequently, to higher MICs of B-lactams,
accounting for a decrease in therapeutic options.

In spite of the spatio-temporal differences between
K. pneumoniae strains from Roraima (2016-2017) and
Rio de Janeiro (2022), the bla, ,,, was embedded in the
same genetic context in all of them, considering both
gene synteny and nucleotide identity (Fig. 1). The bla-
Lap, Was found in contigs of ~68 kb, and it was direct-
ly flanked by an IS3 family transposase and the cell
division-associated gene f#s/, coding for a PBP-3-like
peptidoglycan transpeptidase. It was also found inser-
tion sequences, transposases, several plasmid-borne
genetic determinants such as conjugal transfer genes of
the Type IV Secretion System, RelBE toxin-antitoxin
coding genes, IncP type plasmid replication repA4, and
two additional ARGs, fet(4) and the gnrSI (Fig. 1). The
presence of the entire conjugal transfer fra genes in
the same contig where bla, , ., gnrSI, and tet(4) were
found demonstrates that these ARGs may be horizontal-
ly disseminated in a one-step fashion by conjugation to
other enterobacterial genera. Moreover, blastN search-
es revealed that this ~68 kb LAP-2-containing module
was also found in 21 publicly available K. pneumoniae
genomes from Brazil recovered in Rio de Janeiro, Sdo
Paulo, and Amazonas states between 2014 and 2024, re-
vealing that LAP-2 occurrence in Brazil was underes-
timated and that it has been carried in the same genetic
environment for at least 10 years.

Interestingly, a recent study reported the occurrence
of bla ,, ., in a plasmid-related contig in a L. adecarbox-
ylata strain recovered from a pigeon in Brazil.'® When
this contig was analysed against the ~68 kb bla, ,, ,-car-
rying modules of K. pneumoniae from Brazil, we ob-
served that although they were different, the bla ,
direct genomic context was shared among them (pRi-
Adb-associated orf - recombinase - ISKpnl9 - resolvase
- gnrS1 - 1S3 tnpA - bla, ., - fisI) (Fig. 1, red dotted
lines). Moreover, we verified that the bla ,,, found in K.
pneumoniae strains from Brazil recovered between 2016
and 2022, and bla,,, described in E. cloacae strains
recovered from France and Vietnam between 2002 and
20057 shared a similar genetic environment (gnrSI -
IS3-like tnpA - bla,,, - fisI (pbp-3)) (Fig. 1, blue dot-
ted lines). This finding indicates that the direct bla,,
genomic context has been conserved even among differ-
ent species with different spatio-temporal distributions.

To check this, we then performed a comparative
analysis of the 5 kb upstream and downstream re-
gions surrounding bla ., with the 8,884 available
bla,, ,-carrying genomes and 326 complete plasmid
sequences from several enterobacterial species. Twen-
ty-five different bla ,, -containing genetic modules
were observed among the genomes analysed, demon-
strating that a great proportion of genomes presented
identical modules (Fig. 2). Moreover, the fis/ - bla,,
- IS3 tnpA arrangement was observed in most modules,
corroborating our hypothesis that bla, ,, is harboured
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Fig. 2: genomic synteny comparisons of the bla,, ,,

Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 720, 2025 5|12

GCA 034083295.1
Klebsielia

China (2018)
Human

GCA _002164695.2
Kiebsiella
China (2017)

GCA _009885025.1
pneumoniae

China (2018)
Human

GCA 032351815.1
Enterobacter hormaechei
Canada (2019)
Human

GCA_013890795.1
Escherichia col

United Kingdom (2017)
Human

GCA _007152685.1
Salmonella enfenca \

England (2016)
Human

GCA 020858625.1
Escherichia coll
USA (2019)
Human

GCA_004187215.1
Saimonefia entenca

England (2015)
Human

GCA 036710795.1
Enterobacter hormaechei

e
China (2013)

GCA 022114655.1

Kiebsiella pneumoniae
United Kingdom (2014)
Human

GCA _002785845.1_

terobacter
China (2010)
Human

GCA_001718175.1
Kiebsiella pneumoniae

pne
Brazil (2016)
Animal

-containing platforms present in the spatio-temporally distributed Enterobacteriaceae spe-

cies. The alignment was created with Clinker using default settings. Each coding sequence is represented by an arrow, and shaded colour-coded
vertical blocks show the conservation of gene synteny and the degree of sequence identity. Genes shared among the different platforms are

shown in the same colour. The conserved LAP-2-containing core module (f#s] - bla

- 1S3 tnpA) is indicated as well as the gnrS! and tet(4)

LAP-2

ARGs. Closely related platforms distributed among different species are highlighted with a red bracket.

and disseminated in a conserved core module. The di-
rect association of bla,,, and gnrSI was observed in
21/25 modules (Fig. 2), corroborating their strong link
and co-transmission through space and time.
Interestingly, we observed that closely related bla-
Lapo-carrying modules were shared among different
species with distinct spatio-temporal distributions (Fig.
2, red bracket). This finding indicates the significant role
of horizontal gene transfer in the worldwide spread of
LAP-2 among Enterobacteriaceae species. In conclu-
sion, the aforementioned results altogether revealed that

bla, ,, alleles (including bla, , ) are found in a core ge-

netic module, which has been disseminated throughout
the years and among distinct enterobacterial genera.
Due to the relevance of horizontal gene transfer in
the bla,,,, dissemination, it was verified whether there
is a plasmid or a subset of plasmids involved with bla, ,
spread and its emergence in Brazil. The bla, ,, ,-positive
genomes from this study were compared with all 326
complete bla,,,,-containing plasmids publicly availa-
ble in PBSDB database. It was verified that the strains
from Brazil carried an almost complete version (99.9%
nucleotide identity and 88% - 92% sequence coverage)
of the bla, , -containing plasmid pXJ-K2 (GenBank

LAP-2
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accession number CP032243.1), recovered from a hy-
pervirulent and MDR K. pneumoniae strain from China
in 2018.99 The slight differences observed among them
corresponded to gain/loss of genetic elements, such as
ISs and an integron (Fig. 3). Moreover, the vast major-
ity of the bla ,, -carrying plasmids corresponded to
pXJ-K2 variants, which were almost exclusively found
in K. pneumoniae genomes. These interesting findings
revealed that bla, ,,,is majorly disseminated among K.
pneumoniae by variants of the persistent and widespread
pXJ-K2 plasmid, including in Brazil.

Phosphoglucosamine mutase Sy
1S91-like element ISVsa3 family transposase\
IncP-type DNA transfer pnmase TraC 2

", t&‘"

peptidoglycan synthase Ftsl

XJ-K2
84855 bp

45 kbp

Tral/MobA(P) family conjugative relaxase

Moreover, the genomic analysis revealed that, besides
harbouring the pXJ-K2, the K205R] strain also carried a
second plasmid sharing 82% sequence coverage and 98.7%
nucleotide identity with the LAP-2-carrying pKI18An
plasmid (GenBank accession number HF545435), present
in a K. pneumoniae strain (K18An) recovered from a clin-
ical case in Vietnam in 2004 (Fig. 4). Interestingly, differ-
ent from pXJ-K2, which is spread among enterobacteria
worldwide, the occurrence of pK18An is scarcer, since
only a few significant hits (above 75% sequence coverage)
were obtained with Enterobacteriaceae species recovered
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Fig. 3: BLAST Ring Image Generator (BRIG) comparative analysis of the bla

-carrying pXJ-K2 plasmid and the Brazilian LAP-2-positive

LAP-2

genomes from this study. The pXJ-K2, used as a reference, is shown in the innermost circle (purple). The plasmid architecture and composition

of relevant genes, including bla, ,, ,

and gnrS1, are highlighted in the outermost circle (burgundy). The plasmid-like sequences of the Brazilian

genomes are plotted on each circle with different colour codes as shown in the legend. Major differences between pXJ-K2 and the plasmids of
the strains from Brazil are associated with the presence/absence of mobile genetic elements.
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Fig. 4: BLAST Ring Image Generator (BRIG) comparative analysis of the bla
used as a reference, is shown in the innermost circle (purple). The plasmid architecture and composition of relevant genes, including bla
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51160 bp
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-carrying pK18An plasmid and K205RJ genome. The pK18An,

LAP-2

LAP-2

and gnrS1, are highlighted in the outermost circle (burgundy). The K205RJ genome was plotted in the middle circle (blue). Major differences
between pK18An and the plasmid harboured by K205RJ are associated with the presence/absence of mobile genetic elements.

from China (2018 - 2022), Japan (2014), Canada, USA. In-
terestingly, when analysing the main intrinsic differences
between the globally disseminated pXJ-K2 plasmid and
pKpl8An, it was verified that the RelBE toxin-antitoxin
(TA) system was present in the former but absent in the
latter plasmid. This TA system has been associated with
biofilm formation, virulence regulation,®® and plasmid
maintenance that prevents plasmid loss®> and, therefore,
its presence may contribute to the perpetuation and per-
sistence of the pXJ-K2 plasmid.

The genetic relationship among the Brazilian strains
and the closest LAP-2-positive K. pneumoniae circu-
lating worldwide was evaluated to track the epidemio-
logical routes involved with LAP-2 dissemination. The
phylogenomic reconstruction, including only STI1 K.
pneumoniae genomes, revealed three main clusters.

Two of them included only genomes recently recovered
in China (2023 and 2024), and the other, correspond-
ing to the largest cluster, comprised genomes recovered
worldwide (Brazil, USA, Japan, Norway, and Uganda)
throughout 10 years (2014 to 2024) (Fig. 5). This data
suggests that the transmission of bla, ,,, in China is oc-
curring independently relative to the rest of the world.
Interestingly, additional analyses demonstrated that in
all three ST11 lineages, the bla ,,, was in the context
of pXJ-K2 variants, ratifying the spread potential of this
plasmid and its important role in LAP-2 mobilisation.
Therefore, these results demonstrated that bla, , , ,,in the
context of pXJ-K2 variants, has been dispersed by three
ST11 lineages, two occurring in China and one globally
disseminated worldwide, including in Brazil, where it
has been disseminated and persisting since 2014.
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GCA 041041505.1 China (2024)

Tree scale: 0.001 ———

CA 0261642851 China (2022)
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GCA022861725.1 China (2022)
GCA026164265.1 China (2022)
GCA022861905.1 China (2022)
GCA016749865.1 China (2021)
GCA007995715.1 China (2021)
GCA030363015.1 China (2023)
GCA033120505.1 China (2023)
GCA030363635.1 China (2023)
GCA 030480365.1 China (2023)
GCA030478185.1 China (2023)
GCA030478115.1 China (2023)
GCA 0304781051 China (2023)
GCA033336635.1 Uganda (2020)
GCA033336475.1 Uganda (2021)
GCA033336235.1 Uganda (2021)
GCA 0244187051 USA (2022)
GCA 0412225851 SP/Brazil (2019)
GCA041222185.1 SP/Brazil (2024)
GCA 0248887951 Japan (2019)
GCA 041765405.1 Norway (2015)
GCA021921865.1 Norway (2015)
GCA041218905.1 SP/Brazil (2021)
KP205RJ RJ/Brazil (2022)
GCA 0310111451  SP/Brazil (2020)
GCA 0310109151 SP/Brazil (2020)
GCA 0290761451 SP/Brazil (2021)
GCA011037575.1 RJ/Brazil (2015)
GCA021021215.1  SP/Brazil (2020)
GCA 0210208751 SP/Brazil (2020)
GCA013138485.1 AM/Brazil (2015)
GCA 0129559051 SP/Brazil (2018)
GCA011037555.1 RJ/Brazil (2016)
KP46.2RR RR/Brazil (2016)
KP5133RR RR/Brazil (2016)
KP68.2RR RR/Brazil (2016)
KP290RR RR/Brazil (2017)
GCA 0290800051 SP/Brazil (2021)
GCA 0065175151 SP/Brazil (2016)
GCA 0246502051 SP/Brazil (2016)
GCA 0246527751 SP/Brazil (2019)
GCA 0246521651 SP/Brazil (2020)
GCA 0246518851 SP/Brazil (2014)
GCA 024651155.1  SP/Brazil (2017)
GCA 0246506851 SP/Brazil (2017)
GCA 0246506451 SP/Brazil (2017)

Fig. 5: single nucleotide polymorphism (SNP)-based phylogenomic tree assessing the genetic relationship among the genomes from Brazil
obtained in this study and the most closely related LAP-2-positive Klebsiella pneumoniae publicly available genomes. These genomes were
indexed with Mash software (all of them from ST11) and selected among 6,734 LAP-2-carrying K. pneumoniae genomes. The three clusters are
delimited by different shaded colours. The genomes from Brazil obtained in this study are highlighted in red.

In conclusion, this study assessed the epidemiology
and the transmission dynamics of bla ,, . This gene
is found in a core genetic module conserved among
different species spatio-temporally distributed, and
has been silently transmitted by both plasmid spread
and clonal expansion, since it is majorly disseminated
by variants of the persistent and widespread pXJ-K2
plasmid that is circulating among K. pneumoniae ST11
lineages distributed worldwide.

Although the K. pneumoniae species is intrinsically
resistant to narrow-spectrum B-lactams due to the con-
stitutive expression of bla_, ., it may act as a reservoir of
plasmids harbouring bla . and other ARGs that could
be easily transferred in a one-step fashion to other en-
terobacteria. Therefore, in this scenario, bla, ,,  spread
may compromise the use of narrow-spectrum f-lactams
as an alternative stewardship strategy to treat MDR en-
terobacteria-causing infections.
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The paper entitled “Global Silent transmission of the Class A B-lactamase LAP-2 by plasmid transfer and
clonal expansion of Klebsiella pneumoniae lineages” describes for the first time the presence of blaLAP-2 in Brazil
and provides a global context to the dissemination of the field. The paper brings important contributions to the
field; however, there are several gaps in the methodological procedures that need to be clarified.

Major Review:

Abstract: Please italicize species names.

Introduction: Please further clarify and introduce better about the narrow-spectrum cephalosporins and
penicillin derivatives. The authors used a single reference as a background source about this information, which is
crucial to the paper. Also need to add on this first paragraph, references to sustain the discussion about the silent
pandemic. The paper mentioned at the end of the first paragraph is related to the narrow-spectrum cephalosporins.

Methods/Results: More context is needed on the five Brazilian isolates. Are they of human origin? What type
of infection? Where were they isolated as part of routine screening? The authors presented an antibiotic profile
in the results (Table 1), but there is no description of the methodology for obtaining these results. What AST
standards were used?

The authors mention that the 5 isolates belong to ST11, as well as mention the other publicly available similar
genomes they found from ST11. How was ST estimated? Which program was used?

Does the author perform any quality checks on the 5 Brazilian genomes? How good was the assembly? How
many contigs? N50? Do the authors assess completion and contamination of the 5 genomes?

The description of how the authors found other publicly available genomes is very poor. They mentioned
CARD, but CARD was just a database. Did the authors download all publicly available genomes and screen
through CARD? Did the authors use one of the tools inside CARD to find more genomes?

Please include the threshold of completeness and identity used to confirm the presence of LAP-2 on the
genomes. Please also provide supplementary material showing completeness and identity for all AMR genes
identified in the 5 Brazilian genomes.

Clinker requires as input either GFF or GBK files. Did the authors annotate all the genomes used in Clincker
analysis? Did the authors retrieve the annotations from NCBI?

Are all blaLAP-2 genomes present on PLSDB the same genomes previously identified throughout CARD?

Please. Provide support data with information on all publicly available genomes used in this study, their accession
numbers, their assembly level, and biosample metadata info. It is really unclear and poorly described about those
genomes used in the paper, and understanding the dataset is a fundamental part to corroborate the dataset. The whole
method is really short and summarized, hindering a lot of information that is crucial to the paper.

Images: Figure 1 is too small; the reviewer suggests putting this image in a landscape format. Also, this is not
the appropriate way to show the comparisons among genomes. Why did the authors not create an image similar to
Figure 2 to demonstrate this?

Did the authors perform Clinker analysis on the 8,884 genomes available to compare the region? How did the
authors come up with twenty-five modules? It would really add to this paper if the author could further clarify the
differences among those modules and what the predominant module is among the isolates.

Was the plasmid of the Brazilian strains assembled in a single contig?

Minor: The Results/Discussion section has more results. The authors do not properly discuss their results,
bringing some literature context to that/
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We greatly appreciate the detailed comments and suggestions, which will undoubtedly enrich our manuscript.
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highlighted in the text. Find below the point-by-point response concerning reviewer recommendations:
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penicillin derivatives. The authors used a single reference as a background source about this information, which is
crucial to the paper. Also need to add on this first paragraph, references to sustain the discussion about the silent
pandemic. The paper mentioned at the end of the first paragraph is related to the narrow-spectrum cephalosporins.

Response: we included additional information on the state of the art concerning the importance of narrow-
spectrum beta-lactams in the treatment of infections caused by MDR bacteria.

However, the term “Silent spread” was used in the title and in the text to call attention to the unnoticed
dissemination of an antimicrobial resistance gene (blaLAP-2) that has the potential to become clinically significant
and for which there was scarce epidemiological information. Even though, we included in the third paragraph of
the introduction some references about the impact of silent dissemination of resistance genes.

Methods/Results: More context is needed on the five Brazilian isolates. Are they of human origin? What type
of infection? Where were they isolated as part of routine screening? The authors presented an antibiotic profile
in the results (Table 1), but there is no description of the methodology for obtaining these results. What AST
standards were used?

Response: The reviewer is right, several methodological information concerning the studied strains was
missing, and they are now provided in the material and methods section.

The authors mention that the 5 isolates belong to ST11, as well as mention the other publicly available similar
genomes they found from ST11. How was ST estimated? Which program was used?

Response: In fact, this information was missing. The ST of the five Brazilian genomes and the publicly
available genomes included in phylogenetic tree was estimated by in silico MLST. This information was included
in the Material and Methods section.

Does the author perform any quality checks on the 5 Brazilian genomes? How good was the assembly? How
many contigs? N50? Do the authors assess completion and contamination of the 5 genomes?

Response: The number of contigs and N50 of each assembly were, respectively: Kp290RR, 115 and 209 kby;
Kp46.2RR, 170 and 167 kb; Kp68.2RR, 109 and 148 kb; Kp205RJ, 269 and 89 kb; Kp5133RR, 518 and 17 kb. The
completeness and contamination were assayed using BUSCO with the enterobacteriaceae_odbl2 dataset, where
Kp5133RR presented 93.8% completeness and the other genomes >98.7% completeness.

The description of how the authors found other publicly available genomes is very poor. They mentioned
CARD, but CARD was just a database. Did the authors download all publicly available genomes and screen
through CARD? Did the authors use one of the tools inside CARD to find more genomes?

Response: we agree that this part should be presented in more detail. In fact, we downloaded from GenBank
all genomes of the species that have already been reported to carry the blaLAP-1 or LAP-2 genes. We also
downloaded all complete plasmid sequences available in PLSDB. Using the Abricate program, these genomes and
plasmids were screened for the presence of blaLAP-1 or -2 using as queries the blaLAP-1 and blaL AP-2 reference
genes present in the CARD database. This methodology is presented in more detail in the MS revised version.

Please include the threshold of completeness and identity used to confirm the presence of LAP-2 on the
genomes. Please also provide supplementary material showing completeness and identity for all AMR genes
identified in the 5 Brazilian genomes.

Response: All antibiotic resistance genes, including LAP-2, found in the five Brazilian genomes by CARD
analysis presented 100% sequence coverage and 100% amino acid identity considering the CARD reference
sequences. This information was included in the material and methods section and in Table 1 footnote. That is why
we think providing a supplementary table with this information is unnecessary.

Clinker requires as input either GFF or GBK files. Did the authors annotate all the genomes used in Clincker
analysis? Did the authors retrieve the annotations from NCBI?

Response: we only selected representative genomes for analysis in Clinker, and these genomes were annotated
using Prokka.

Are all blaLAP-2 genomes present on PLSDB the same genomes previously identified throughout CARD?

Response: No, because only complete plasmid sequences are deposited in the PLSDB, and among the genomes
there are fragmented sequences that cannot be directly assumed to be complete plasmids. This aspect in clearer in
the revised version.
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Please. Provide support data with information on all publicly available genomes used in this study, their accession
numbers, their assembly level, and biosample metadata info. It is really unclear and poorly described about those
genomes used in the paper, and understanding the dataset is a fundamental part to corroborate the dataset. The whole
method is really short and summarized, hindering a lot of information that is crucial to the paper.

Response: Throughout this study, we analyzed hundreds of thousands of genomes. We think that providing the
metadata of all these genomes would be useless. Instead we presented in the revised version a supplementary material
containing the metadata of the genomes that gave support to our genomic and epidemiological analyses (Figure 5).

Images: Figure 1 is too small; the reviewer suggests putting this image in a landscape format. Also, this is not
the appropriate way to show the comparisons among genomes. Why did the authors not create an image similar to
Figure 2 to demonstrate this?

Response: The figure 1 format was modified as suggested.

The figure 1 was conceived with the unique purpose of showing the genetic context in which LAP-2 was
found in the Brazilian genomes (the five described in the study and the other LAP-2-positive genomes retrieved
from GenBank). We did not intend to compare genomes at any time. We just take advantage of this figure to call
attention to the fact that the direct lap-2 genetic context (the surrounding regions) was conserved even in other
species (Leclercia adecarboxylata and Enterobacter cloacae) with a distinct spatio-temporal distribution.

Did the authors perform Clinker analysis on the 8,884 genomes available to compare the region? How did the
authors come up with twenty-five modules? It would really add to this paper if the author could further clarify the
differences among those modules and what the predominant module is among the isolates.

Response; The region of the blaLAP genetic context was evaluated in the 8,884 genomes and 326 complete
plasmids using blastN. Pairwise comparisons were made, and those genomes sharing synteny conservation in the
LAP-2 surrounding regions (5kb upstream and 5 kb downstream of LAP-2) were grouped together. In this way, we
obtained 25 main LAP-2 arrangements and one genome of each group was chosen as a representative genome to be
visualized in Clinker. This methodology was detailed in the MS revised version.

Was the plasmid of the Brazilian strains assembled in a single contig?

Response: No! The full characterization in a single contig was not possible due to the genomic sequencing
method used. But since the Brazilian genomes presented the blaLAP-2 inserted in a 68 kb region together with
several plasmidial signatures, such as the IncP repA, the entire conjugal transfer tra genes, and toxin-antitoxin
system, we suggested that the LAP-2 in Brazilian strains would be in the context of a plasmid. Moreover, when we
performed a BlastN search of a LAP-2-carrying plasmid (pXJ-K2) against the five Brazilian genomes, we verified
that a great portion of this plasmid (~90% of sequence coverage) with high nucleotide identity (99.9%) was present
in the Brazilian strains, corroborating the possible plasmidial nature of LAP-2 in these strains.

Minor: The Results/Discussion section has more results. The authors do not properly discuss their results,
bringing some literature context to that/

Response: we appreciate the reviewer’s suggestion, but we disagree with this point. We think that our results
are well discussed, given the limited information available in the literature concerning blaL AP-2 distribution,
epidemiology, and evolution.
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