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ABSTRACT Here, we report a draft genome sequence of a blaKPC-2-carrying Citrobacter
braakii isolate from pediatric hospital effluent. Genome CF248 represents a multidrug-re-
sistant C. braakii isolate derived from a clinical environment in Peru.

Citrobacter is a motile, facultative, anaerobic member of the Enterobacteriaceae asso-
ciated with nosocomial infections (1, 2). The emergence of Citrobacter members as

nosocomial pathogens causing urinary and respiratory tract infections has been
described (3–6), along with reports of clinical isolates carrying horizontally transferred anti-
biotic resistance genes (ARGs), such as blaKPC-2 (7). Hospital water effluents may act as reser-
voirs for ARG-carrying bacteria, including carbapenemase-producing Enterobacterales (8).
Routine monitoring of wastewater can detect resistant pathogens released into municipal
wastewater and natural water bodies (8, 9).

We recovered isolate CF248 in December 2017 as part of a pilot program to monitor
hospital effluent from a pediatric hospital in Lima, Peru. The precipitate of a 50-ml water
sample collected from an exit sewage pipe was swabbed onto MacConkey agar (Becton,
Dickinson, Heidelberg, Germany) and incubated for 24 h at 37°C. One lactose-fermenting
colony was restreaked onto MacConkey agar and classified as a Citrobacter sp. with the
Phoenix automated microbiology system (BD Diagnostic Systems, Sparks, MD, USA). We
identified resistance to 11 different antibiotics, including ertapenem, imipenem, and merope-
nem (Table 1), following CLSI guidelines (10). KPC production was confirmed with the RESIST-
4 OKNV (Coris BioConcept, Gembloux, Belgium) immunochromatographic rapid diagnostic
test for carbapenemase detection.

Genomic DNA was extracted from 1 ml of tryptic soy broth (Becton, Dickinson) sin-
gle-colony culture incubated at 37°C for 6 hours, using the GeneJET genomic DNA purification
kit (Thermo Fisher Scientific, Waltham, MA, USA). Nextera XT libraries (Illumina, Inc., San Diego,
CA, USA) were sequenced using a MiSeq instrument generating 1,735,120 paired-end 250-bp
reads. Reads were processed and analyzed for ARG detection with the tools within the
Nullarbor v.2.0 pipeline (11), using SPAdes (v.3.15.2) (12) and Prokka (v.1.13.3) (13) for assembly
and annotation, respectively, resulting in a draft genome of 294 contigs larger than 300bp
(N50, 49,265bp) and a total length of 5,810,531bp, with a 64� mean coverage and a GC con-
tent of 52.3%. Plasmid replicon typing was performed using plasmidfinder v.2.0 (14), which is
available at the Center of Genomic Epidemiology (www.genomicepidemiology.org). Antibiotic
resistance genes and plasmid replicons with a cutoff value of.95% for the identity and a cov-
erage of 100% were included. Default parameters were used for all software tools.

Resistome analysis identified ARGs for aminoglycosides [aph(3')-VIa], fluoroquinolones
(qnrB68), and b-lactams (blaCMY-83 and blaKPC-2). We identified plasmids of incompatibility
(Inc) groups HI1A (CIT), HI1B (CIT), FIB (K), and P6. The plasmid replicon IncP6 has been

Citation Salvatierra G, Dávila-Barclay A,
Ayzanoa B, Cuicapuza D, Santillán-Salas C,
Tsukayama P. 2021. Draft genome sequence of
a blaKPC-2-carrying Citrobacter braakii isolate
from pediatric hospital wastewater in Peru.
Microbiol Resour Announc 10:e00569-21.
https://doi.org/10.1128/MRA.00569-21.

Editor David A. Baltrus, University of Arizona

Copyright © 2021 Salvatierra et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Pablo Tsukayama,
pablo.tsukayama@upch.pe.

Received 2 June 2021
Accepted 9 July 2021
Published 29 July 2021

Volume 10 Issue 30 e00569-21 mra.asm.org 1

GENOME SEQUENCES

https://orcid.org/0000-0002-6887-2599
https://orcid.org/0000-0002-1669-2553
http://www.genomicepidemiology.org
https://doi.org/10.1128/MRA.00569-21
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00569-21&domain=pdf&date_stamp=2021-7-29


reported as a carrier of blaKPC-2 in Pseudomonas aeruginosa (15), Klebsiella oxytoca,
Enterobacter cloacae, Citrobacter freundii (16), and Citrobacter braakii (17). Contig assess-
ment revealed that the blaKPC-2 gene was located on a Tn3 transposon element of 13.8 kb
with the linear structure ISKpn27-DblaTEM-1-blaKPC-2-ISKpn6-korC-klcA-repB. BLAST analysis of
the blaKPC-2 gene sequence showed 100% sequence identity and 100% query coverage
with the 111,195-bp plasmid pKPHS2 (accession number NC_016846) isolated from a clini-
cal blaKPC-2-carrying Klebsiella pneumoniae isolate in China.

Here, we report a blaKPC-2-producing C. braakii isolate derived from hospital waste-
water in Peru. Our results suggest that antibiotic resistance monitoring of hospital
wastewater may detect antimicrobial resistance (AMR) dissemination from clinical set-
tings into the sewage environment.

Data availability. The draft genome assembly of Citrobacter braakii CF248 has been sub-
mitted to NCBI under accession number GCA_018449455.1 under BioProject PRJNA729854,
and the raw reads have been submitted to the SRA under accession number SRR14534310.
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