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I. SUPP. METHODS 
 
Sequencing library preparation and raw data acquisition  
 
Single colony genomic DNA extractions were performed using MagNA Pure Compact 
instrument (Roche Diagnostics, Indianapolis, IN); DNA quality was analyzed using QuantiFluor 
dsDNA system (Promega). Nextera XT kit (Illumina, San Diego, CA) was used for preparing 
dual-indexed WGS libraries.  For QC dsDNA quality of individual samples was analyzed using 
the 4200 TapeStation system (Agilent).  Following library cleanup, individual libraries were 
pooled at equimolar ratios and denatured; DNA concentration was determined using Qubit 
ssDNA kit (Thermo fisher Scientific).  The libraries were combined with 20ρM PhiX control and 
sequenced on Illumina MiseqTM using V3 kit and 2X300 bp paired-end protocol. 

 
Genomic analyses 

 
A) Quality control: For each sample, the read quality scores across all bases were 
assessed using FastQC v0.11.5 (1) and low quality reads were trimmed using Trimmomatic 
v0.36 (2).  Genomic coverage of the sequencing reads relative to the reference K. 
aerogenes KCTC 2190 genome (ATCC 13048T; Refseq accession number: NC_015663.1) 
were determined using Bowtie 2 v2.2.9 (3).  Across the study isolates, alignments showed 
average genomic coverage of 90.84% (minimum 89%) with an average depth of coverage: 
100X (excluding regions below 12X).  Quality metrics are detailed in Dataset 2.   
 
B) Core-genome SNP calling workflow: A read mapping approach was used to assess 
SNPs in the genomes of the study CR-KA strains relative to the reference genome K. 
aerogenes KCTC 2190 genome (ATCC 13048T; Refseq accession number: NC_015663.1). 
Mapping, variant calling and phylogenetic analysis were performed by locally installed 
CFSAN SNP Pipeline v1.0.0 (4), an analysis workflow developed by the U.S Food and Drug 
Administration (FDA). CFSAN pipeline employs a 2-phase variant calling workflow and the 
‘optimized’ version of the pipeline with criteria as applied by Saltykova et al (higher 
stringency in allele frequency thresholds and coverage) (5) was applied.  In the first phase, 
variants were called based on mpileup function of SAMTools and mpileup2snp tool from 
VarScan (minimum average base quality=20, minimum read depth of coverage at site=12, 
minimum allele frequency=90%).  Densely clustered SNPs that could arise due to 
recombination were excluded (>/=3 SNPs in a 50 bp window).  High-confidence SNP 
variants meeting the criteria were composed to a list. In the 2nd phase, nucleotide sites at 
the listed positions were determined for all sites (minimum allele frequency threshold for 
SNP filtering=90%).  SNPs located in mobile elements as annotated by RAST were 
excluded.  The final nucleotide sites post filtering corresponding to the listed positions were 
used to build a SNP matrix.  A multi FASTA file with concatenated SNP matrix entries were 
used for inferring phylogeny by FastTree (6), which were visualized using ITOL (7).   
 
C) Sequence assembly, scaffolding, annotation and analyses: De novo genome 
assemblies (average N50: 344943 across all isolates) were generated by SPAdes genome 
Assembler v3.11.1 (8), and the assembly quality was assessed by QUAST v4.5 (9). Draft 
genomes were annotated with RAST (10) and Prokka (11).  MLST on the K. aerogenes 
genomes was performed using a newly developed publicly available scheme (12).  Alleles 
and genetic markers corresponding to acquired antibiotic resistance, virulence and plasmid 
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replicons were identified using PlasmidFinder (13), ResFinder (14), and Virulence Factor 
Database (15).  Typing of genetic loci associated with mobilizable yersiniabactin 
siderophore and genotoxin colibactin systems was performed using Kleborate (16), and the 
loci were visualized with MacVector software (MacVector, Cary, NC).  Sequence variations 
in chromosomal genes associated with carbapenem resistance in the study strains were 
assessed relative to alleles in control strains (URMC 201, URMC 223) and ‘wild-type’ alleles 
in carbapenem susceptible (17) reference genome KCTC 2190	[Genbank ID-ampD: 
10792472 (EAE_11350), ampG: 10792757 (EAE_12735), ampR: 10792632 (EAE_12115), 
omp35: 10793271 (EAE_15245), omp36: 10795060 (EAE_24205) and ompR: 10791222 
(EAE_05245)].  Multiple sequence alignments of gene alleles and corresponding proteins 
was performed using Vector NTI software (Invitrogen, Carlsbad, CA) and the alignments 
were manually inspected to identify substitutions that would likely impact function.   
 
D) Comparative genomics of publicly available global K. aerogenes assembled 
genomes with URMC CR-KA assemblies: Using a custom shell script, publicly available 
K. aerogenes genomes available as of July 2018 in the NCBI genome database were 
downloaded from the NCBI FTP site.  Harvest genomics suite was used to perform 
intraspecific core-genome alignments as described before (18); phylogenies were visualized 
using ITOL (7).     
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II. SUPP. FIGURES 

 
 

Fig. S1. Patient A timeline following CICU admit highlighting diagnostic workup, 
microbiological findings and antibiotic administration prior to development of CR-KA 
respiratory infection. 
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Fig. S2. Comparison of K. aerogenes Omp36 with representative porins of the OmpC 
and OmpF families. Predicted β-sheets, loops and helixes are shown. Non-synonymous SNP 
mutations in CICU outbreak CR-KA strains resulting in substitutions relative to reference 
highlighted in blue.   
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III.  SUPP. TABLES 
 
Table S1: Attributes of patients associated with the 2017 URMC CICU CR- KA cluster 
 
 
 
 
 
 
 
 
 

 
*URMC 205, first patient diagnosed with clinical CR-KA infection in the URMC CICU in 2017 

 
Abbr: ECMO: Extracorporeal membrane oxygenation, LVAD: left ventricular assist device present, COPD: chronic obstructive 

pulmonary disease 
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Table S2: Univariate analysis of risk-factors associated with infection/colonization by 
CR-KA in the CICU 
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Table S3: Summary of additional hospital K. aerogenes strains in this study (isolates not 
associated with CICU CR-KA cluster)  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* All strains except URMC 223 and URMC 201 were deemed carbapenem resistant by CDC and CLSI definitions 
 

URMC 223 was a pan-sensitive K. aerogenes isolated from the urine of a patient in the CICU in Oct 2017 (within the outbreak 
period) 
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Table S4: Specific SNP substitutions in URMC CICU CR-KA strains relative to patient A 
strain (URMC 205) 
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Table S5: Acquired antibiotic resistance markers, plasmid replicon types and plasmid 
multilocus sequence typing of the study K. aerogenes strains 
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Table S6:  
 
Typing yersiniabactin and colibactin encoding gene clusters in URMC K. aerogenes 
strains using Kleborate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abbr: YbST: Yersiniabactin locus sequence type, CbST: Colibactin locus sequence type 
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