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Dear Editor, 
Klebsiella pneumoniae , a member of the Enterobacterales , is a com- 

mon resident of the gastrointestinal tract of humans and animals 
and is also ubiquitous in the environment. Klebsiella pneumoniae is 
also a common pathogen r ecov er ed fr om clinical samples and is 
able to cause a wide range of infections including life-threatening 
bacteremia, meningitis , and pneumonia [ 1 ]. β-Lactams , especially 
third-generation cephalosporins and carbapenems, are mainstay 
antimicrobial options for infections caused by the Enterobacterales 
such as K. pneumoniae . Worryingly, K. pneumoniae has emerged 

as a major carrier of antimicrobial resistance determinants in- 
cluding those encoding extended-spectrum β-lactamases (ESBL) 
and carba penem-hydr ol yzing β-lactamases (carba penemases). 
ESBL—or carba penemase-pr oducing K. pneumoniae —is difficult to 
treat, is associated with high mortalities and morbidities [ 2 ], and 

is ther efor e r ecognized by the World Health Or ganization as one 
of the global priority pathogens in critical need of next-generation 

antimicrobials and new control strategies [ 3 ]. The situation is par- 
ticularly concerning for the neonatal population [ 4 ]. Neonatal sep- 
sis caused by ESBL-producing K. pneumoniae is not uncommon 

and typically leads to increased mortality, particularly in low- and 

middle-income countries (LMICs) [ 5 ]. Limited antimicrobial op- 
tions a gainst ESBL-pr oducing K. pneumoniae highlight the impor- 
tance of surveillance to guide countermeasures. 

Notably, K. pneumoniae is a complex comprising six closely- 
related species, K. pneumoniae (sensu stricto), Klebsiella quasipneu- 
moniae , Klebsiella variicola , Klebsiella quasivariicola , Klebsiella africana ,
and an unnamed species (genomospecies 5) [ 6 ]. Pr e viousl y, we 
hav e demonstr ated the clonal diversity of neonatal carbapenem- 
r esistant str ains of K. pneumoniae species complex (KpSC) [ 7 ]. How- 
e v er, man y ESBL-pr oducing KpSC str ains wer e not r esistant to car- 
ba penems. P articularl y, the global distribution of ESBL-producing 
KpSC in neonates r emains unclear. Ther efor e, we mined publicly 
available genomes to unveil the clonal diversity of ESBL-producing 
KpSC, whic h may pr ovide information for pr ecise pr e v ention and 

control of multi-drug resistant organisms in the newborn popula- 
tion. 

Here, we examined all publicly accessible KpSC genomes from 

neonates (accessed by 30 June 2022) for determining the clonal 
diversity of neonatal strains carrying bla CTX-M 

, the most common 

ESBL gene in the Enterobacterales [ 8 ]. The searc h, r etrie v al, assem- 
bly, and quality control for these genomes and the subsequent 
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recise species identification, strain typing, and antimicrobial re- 
istance gene detection were performed as described pr e viousl y
 7 ]. Each genome was subjected to identifying the precise species
sing FastANI v1.33 ( https:// github.com/ ParBLiSS/ FastANI ) with
ype strains of each Klebsiella species, determining sequence types 
ST) and capsule types using Kleborate v2.2.0 ( https://bactopia. 
ithub.io/ latest/ bactopia-tools/ kleborate/ ), and detecting antimi- 
r obial r esistance genes using AMRFinderPlus v3.10.23 ( https:// 
ithub.com/ ncbi/ amr). 

A total of 1992 neonatal KpSC genomes were analyzed 

 Supplementary Dataset S1 ). The vast majority ( n = 1782, 89.46%)
f these KpSC genomes belonged to K. pneumoniae ( sensu stricto ),
ollo w ed b y genomospecies 5 ( n = 169, 8.48%), K. variicola ( n = 30,
.51%), K. quasipneumoniae ( n = 9, 0.45%), and K. quasivariicola
 n = 2, 0.10%), while K. africana is not present ( supplementary
able S1 , see online supplementary material). Of the 1992 KpSC
enomes, 82.18% ( n = 1637) had bla CTX-M 

, a type of ESBL gene
 supplementary Table S1 ), indicating a high pr e v alence . Of note ,

ost (1227, 75.0%) of the 1637 CTX-M-encoding strains had no
nown carbapenemase genes (Dataset S1). bla CTX-M 

genes encod- 
ng 20 CTX-M variants (CTX-M-1, -3, -8, -9, -14, -15, -25, -27, -36,
55, -63, -65, and 8 new unnamed ones) were found, among which
TX-M-15 was seen in the vast majority ( n = 1521, 92.9%) fol-

o w ed b y CTX-M-14 ( n = 64, 3.9%) ( supplementary Table S2, see
nline supplementary material ). These CTX-M-encoding strains 
ould be assigned to 184 STs including 17 new types, suggest-
ng a remarkable clonal diversity. ST307 ( n = 230) was the most
ommon CTX-M-encoding type in neonates seen in Africa (K en ya,
igeria, Rwanda, and Zambia) and Asia (Bangladesh, Cambodia,
nd China) (Table 1 ). ST15 ( n = 120) was the second most com-
on ESBL-producing type in neonates, seen in Cambodia, China,

ietnam, the Indian subcontinent, and Nigeria (Table 1 ). Other
ommon types (comprising ≥50 genomes) are ST17 ( n = 95), ST14
 n = 77), ST35 ( n = 58), and ST39 ( n = 50), all of which were found
n multiple countries (Table 1 ). 

Although publicly accessible genomes could be largely bi- 
sed, they are still precious sources able to provide crucial in-
ormation for understanding the clonal bac kgr ound of m ulti-
rug r esistant or ganisms to complement epidemiological stud- 

es and help in the precise design and implementation of
ountermeasur es. First, it a ppears that most KpSC neonatal 
tr ains hav e genes encoding ESBLs, whic h confer r esistance to
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Table 1. Sequence types of CTX-M-encoding K. pneumoniae complex comprising ≥50 genomes in publicly accessible genomes a . 

ST 

b No. of genomes CTX-M variant c Country d KL e 

307 230 3, 15, N3 Bangladesh, Cambodia, China, K en ya, 
Nigeria, Rwanda, Zambia, NA 

102, NT 

15 120 3, 14, 14 + 15, 15, 27 Bangladesh, Cambodia, China, India, Nepal, 
Nigeria, Pakistan, Vietnam, NA 

10, 102, 112, 24, 28, 
38, 48, NT 

17 95 14, 15 Bangladesh, Cambodia, Colombia, Ethiopia, 
Ghana, K en ya, Nigeria, P akistan, Rwanda, 
South Africa, Tanzania, Vietnam, NA 

112, 122, 127, 155, 
23, 25, NT 

14 77 3, 14 + 15, 15 Bangladesh, China, India, K en ya, Malawi, 
Nepal, Rwanda, Tanzania, Vietnam, Zambia, 
NA 

16, 2, 64, NT 

35 58 14, 15, 27 Bangladesh, Ethiopia, Israel, Kenya, Rwanda, 
Tanzania, Vietnam, NA 

108, 110, 16, 22, NT 

39 50 15 Bangladesh, Ethiopia, Gambia, Ghana, 
K en ya, Nigeria, Rwanda, South Africa, UK, 
Vietnam 

116, 2, 23, 62, NT 

a The complete list of all sequence types of CTX-M-encoding K. pneumoniae regardless of the number of genomes is shown in supplementary Table S3, see online 
supplementary material . 
b All of the STs belong to K. pneumoniae ( sensu stricto ). 
c Some strains have two CTX-M variants, which is indicated by “+ ”. N3 is a new unnamed CTX-M variant, a single amino acid variant of CTX-M-15. 
d NA, not available for some strains. 
e NT, not typable for some strains. 
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ephalosporins . T his needs to be considered when choosing an-
imicr obial a gents as an empiric treatment for neonatal sepsis,
or which KpSC is a common pathogen, using precision medicine
 ppr oac hes. As ESBLs cannot hydr ol yze carba penems and most
SBL-producing KpSC do not encode carbapenemases, carbapen-
ms appear to be a reasonable choice for treating severe infections
ue to KpSC. Ho w e v er, alarmingl y, still about a quarter of ESBL-
roducing KpSC with genome sequences being deposited in Gen-
ank have carbapenem-encoding genes . T his highlights that rig-
r ous surv eillance on carba penem r esistance in KpSC is r equir ed
o guide empiric treatment for its infection. Second, bla CTX-M 

is the
ost common type of ESBL-producing gene in KpSC, but a variety

f bla CTX-M 

v ariants ar e identified in KpSC. bla CTX-M 

genes ar e typi-
ally carried by plasmids in KpSC [ 9 ], while CTX-M-encoding KpSC
xhibits quite a diverse clonal bac kgr ound. This indicates that
he dissemination of bla CTX-M 

genes in KpSC is lar gel y driv en by
lasmids. As such, the curb of further spread of CTX-M-encoding
pSC r equir es measur es to addr ess the tr ansmission of plasmids,
hich may be achieved by inhibiting conjugation or plasmid cur-

ng. Ne v ertheless, mor e studies are urgently needed to develop
nti-plasmid tools and strategies to combat antimicrobial resis-
ance , which ma y employ tailor ed a ppr oac hes to counter the v ar-
ous mechanisms of plasmid replication. Third, certain types of
SBL-pr oducing KpSC suc h as ST307 and ST15 ar e r elativ el y com-
on and widely distributed. Notably, bla CTX-M-15 -carrying ST307

as been reported to have caused an outbreak in a neonatal inten-
iv e car e unit [ 10 ]. These outstanding linea ges ar e likel y to r epr e-
ent high-risk clones, which warrant further studies to investigate
heir emergence and monitor their spread. Fourth, we found the
SBL-pr oducing KpSC mainl y fr om LMICs . T he World Health Orga-
ization proposed that the burden of antimicrobial resistance was
ispr oportionatel y high in LMICs and urged early addressing with
or e surv eillance data [ 3 ]. To ac hie v e this, surv eillance in LMICs

eeds to be impr ov ed to address problems such as insufficiency,
nconsistency, and lack of quality [ 5 ]. 

In summary, our analysis uncovers the circulation of a wide
 ange of ESBL-pr oducing K. pneumoniae str ains in neonates, with
e v er al STs being common and widely spread, which warrants
recise monitoring and further studies. In particular, global
r ospectiv e epidemiological inv estigations ar e r equir ed to pr ompt
r ecise ther a py and contr ol of infections due to ESBL-pr oducing
pSC such as neonatal sepsis. 
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