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ABSTRACT The draft genome sequences of two clonal, pandrug-resistant Serratia
marcescens clinical isolates were determined. The resistance phenotype was plasmid
driven, as 14 of 17 resistance genes were present on large IncFIB(K), IncHI2, and
IncA/C2 plasmids indicating a large pool of transmissible antibiotic resistance genes.

erratia marcescens is an environmental organism and colonizer of the gastrointes-

tinal tract of healthy individuals. However, now it is increasingly being recognized
as an emerging pathogen, causing severe infections and outbreaks particularly affect-
ing preterms and neonates (1-3).

S. marcescens displays intrinsic resistance to ampicillin and colistin, however, clinical
isolates of S. marcescens with pandrug resistance are rare (3, 4). The pandrug-resistant
S. marcescens isolates SM1978 and SM1890 harboring bla,,,., obtained from a leuke-
mia patient and a patient with a urinary tract infection, respectively, were previously
described (5). We performed whole-genome sequencing and searched for the location
of antibiotic resistance genes in these isolates.

Genomic DNA sequencing libraries were prepared using the Nextera XT kit (Illumina,
Eindhoven, NL). Sequencing was performed using Nextseq Mid-output reagent kit v2
(2 X 150 bp) on an lllumina NextSeq 500.

For SM1890, a total of 6,655,202 reads with an average length of 134 bp were
assembled into 174 contigs, giving a total length of 5,865,102 bp and a coverage of
roughly 118X (CLC Genomics Workbench 9.0). Plasmid replicons and antibiotic resis-
tance genes were predicted using the CGE platform (https://cge.cbs.dtu.dk/services/) (6,
7). Chromosomal contigs were ordered to the best matched reference strain WW4 (8)
using MAUVE (9) and annotated with RAST (http://Rast.nmpdr.org) (10). The gapped
draft chromosome of SM1890 comprised 5,358,595 bp with a G+C content of 59.1%
and 132 contigs. In addition, contigs had homology to an IncA/C2 plasmid pNDM-KN
(UJN157804), IncHI2 plasmid p34977-263.138 kb (CP012170), and R478 (BX664015) as
well as IncFIB(K) plasmid pKPN3 (CP000648). Three small closed plasmids designated
pSM1890coirnat (4,938 bp), pSM1890cgnar (3,223 bp), and pSM1890,,,ypable
(2,697 bp), respectively. The average sequencing depth was 70 for the chromosome,
120 for the three large plasmids, and from 11,000 to 13,000 for the three small plasmids.
Analysis revealed blag,. ;5 blazepy. 15 blacyy.s sull, sul2, rmtC, aacA4, aac(6')Ib-c, strA,
strB, dfrA18, gnrA1, catA2, aac(6')-Ic, tet (41), and ampC genes in addition to the blaypp.;
gene. The majority of the antibiotic resistance genes are located on the IncA/C2,
IncHI2A and IncFIB(K) plasmids, with only three (aac[6']-Ic, tet[41], and ampC() present
on the chromosome. The plasmid pSM1890,,,.,c> harbored the transmissible resistance
genes blaypp.q, blacyy.e sull, rmtC, aacA4, and aac(6')lb-c (5). The IncHI2A and IncFIB
plasmids also carried the operons terABCDW, copBCD, arsCBRH conferring resistance
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toward the heavy metals tellurium, copper, and arsenic. A notable finding was the
presence of a gene with homology to methyl-accepting chemotaxis protein (MCP) on
the 4,938 bp-ColRNA1 plasmid. The same gene present on plasmid pCSA2 of Crono-
bacter sakazakii ATCC29544 was previously shown to be involved in adhesion, invasion,
and the regulation of mobility and biofilm formation in that isolate (11).

For SM1978 a total of 2,036,182 reads with an average length of 130 bp and
assembled to a gapped genome length of 5,846,245 bp with ~44X coverage. The
genome sequences of both isolates exhibited 99.99% ANI (average nucleotide identity).

The exceptional antibiotic resistance profile of these isolates can be attributed to an

accumulation of multiple plasmids harboring a wide range of resistance determinants.
As these plasmids can be horizontally transferred, these isolates constitute a reservoir
for the spread of multidrug-resistance.

Accession number(s). Raw data and the assembled sequences have been depos-

ited in the European Nucleotide Archive (ENA) under the accession no. FNXV00000000
for SM1890 and FNXW00000000 for SM1978. The versions described in this paper are
the first versions, FNXV01000000 and FNXW01000000.

ACKNOWLEDGMENTS

This work was supported by grants from the German Center for Infection Research

(DZIF) to T.C. and C.I. through the German Federal Ministry of Education and Research
(BMBF) (grants to T.C. and C.. [8000 701-3 HZI] and to T.C. [KFZ 8000701-2 HZI
TI06.001]).

technical assistance.

REFERENCES

1.

Volume 5

Fleisch F, Zimmermann-Baer U, Zbinden R, Bischoff G, Arlettaz R, Wald-
vogel K, Nadal D, Ruef C. 2002. Three consecutive outbreaks of Serratia
marcescens in a neonatal intensive care unit. Clin Infect Dis 34:767-773.
https://doi.org/10.1086/339046.

. Mahlen SD. 2011. Serratia infections: from military experiments to cur-

rent practice. Clin Microbiol Rev 24:755-791. https://doi.org/10.1128/
CMR.00017-11.

. Moradigaravand D, Boinett CJ, Martin V, Peacock SJ, Parkhill J. 2016.

Recent independent emergence of multiple multidrug-resistant Serratia
marcescens clones within the United Kingdom and Ireland. Genome Res
26:1101-1109. https://doi.org/10.1101/gr.205245.116.

. Iguchi A, Nagaya Y, Pradel E, Ooka T, Ogura Y, Katsura K, Kurokawa K,

Oshima K, Hattori M, Parkhill J, Sebaihia M, Coulthurst SJ, Gotoh N,
Thomson NR, Ewbank JJ, Hayashi T. 2014. Genome evolution and plas-
ticity of Serratia marcescens, an important multidrug-resistant nosoco-
mial pathogen. Genome Biol Evol 6:2096-2110. https://doi.org/10.1093/
gbe/evu160.

. Gruber TM, Gottig S, Mark L, Christ S, Kempf VAJ, Wichelhaus TA,

Hamprecht A. 2015. Pathogenicity of pan-drug-resistant Serratia marc-
escens harbouring blaNDM-1. J Antimicrob Chemother 70:1026-1030.
https://doi.org/10.1093/jac/dku482.

. Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, Lund O,

Aarestrup FM, Larsen MV. 2012. Identification of acquired antimicrobial

Issue 3 e01481-16

We thank Christina Gerstmann, Alexandra Amend, and Natalia Lest for excellent

resistance genes. J Antimicrob Chemother 67:2640-2644. https://
doi.org/10.1093/jac/dks261.

. Carattoli A, Zankari E, Garcia-Fernédndez A, Voldby Larsen M, Lund O, Villa

L, Mgller Aarestrup F, Hasman H. 2014. In silico detection and typing of
plasmids using PlasmidFinder and plasmid multilocus sequence typing.
Antimicrob Agents Chemother 58:3895-3903. https://doi.org/10.1128/
AAC.02412-14.

. Chung WC, Chen LL, Lo WS, Kuo PA, Tu J, Kuo CH. 2013. Complete

genome sequence of Serratia marcescens WW4. Genome Announc 1(2):
€0012613. https://doi.org/10.1128/genomeA.00126-13.

. Darling AE, Mau B, Perna NT. 2010. progressiveMauve: multiple genome

alignment with gene gain, loss and rearrangement. PLoS One 5:e11147.
https://doi.org/10.1371/journal.pone.0011147.

. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K,

Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008.
The RAST Server: rapid annotations using subsystems technology. BMC
Genomics 9:75. https://doi.org/10.1186/1471-2164-9-75.

. Choi Y, Kim S, Hwang H, Kim KP, Kang DH, Ryu S. 2015. Plasmid-encoded

MCP is involved in virulence, motility, and biofilm formation of Crono-
bacter sakazakii ATCC 29544. Infect Immun 83:197-204. https://doi.org/
10.1128/1A1.02633-14.

genomea.asm.org 2

NISSIID MIHLOINGIGSLVLISHIAINN Ad LTOZ ‘22 AeN uo /Blo wse eawoual/:dny woly papeojumoq


https://www.ebi.ac.uk/ena/data/view/FNXV00000000
https://www.ebi.ac.uk/ena/data/view/FNXW00000000
https://doi.org/10.1086/339046
https://doi.org/10.1128/CMR.00017-11
https://doi.org/10.1128/CMR.00017-11
https://doi.org/10.1101/gr.205245.116
https://doi.org/10.1093/gbe/evu160
https://doi.org/10.1093/gbe/evu160
https://doi.org/10.1093/jac/dku482
https://doi.org/10.1093/jac/dks261
https://doi.org/10.1093/jac/dks261
https://doi.org/10.1128/AAC.02412-14
https://doi.org/10.1128/AAC.02412-14
https://doi.org/10.1128/genomeA.00126-13
https://doi.org/10.1371/journal.pone.0011147
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1128/IAI.02633-14
https://doi.org/10.1128/IAI.02633-14
http://genomea.asm.org
http://genomea.asm.org/

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

