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Chromobacterium haemolyticum 
Pneumonia Associated with Near-Drowning 

and River Water, Japan 

Appendix 1 

Methods 

Antimicrobial Susceptibility Testing 

Antimicrobial susceptibility testing of clinical and environmental isolates of 

Chromobacterium haemolyticum was performed by using a MicroScan WalkAway 96 plus 

(Beckman Coulter, https://www.beckmancoulter.com). Antimicrobial agents tested were as 

follows: ampicillin/sulbactam, piperacillin, piperacillin/tazobactam, ceftazidime, cefepime, 

cefozopran, cefoperazone/sulbactam, imipenem, meropenem, amikacin, gentamycin, tobramycin, 

minocycline, levofloxacin, ciprofloxacin, fosfomycin, aztreonam, chloramphenicol, and 

trimethoprim-sulfamethoxazole. The breakpoints for each antimicrobial drug were interpreted 

according to the 2016 Clinical and Laboratory Standards Institute guidelines (CLSI M100-S26; 

https://www.clsi.org). 

Whole-Genome Sequencing 

The genomic DNA library of all Chromobacterium spp. were constructed by using 

QIAseq FX DNA Library Kit (Qiagen, https://www.qiagen.com) according to the manufacturer’s 

instructions, then by paired-end sequencing using an Illumina NextSeq 500 platform with a 300-
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cycle NextSeq 500 reagent kit v2 (Illumina, https://www.illumina.com). The metagenomic 

samples were sequenced by single-end sequencing by using 150-cycle NextSeq 500 Reagent Kit 

v2 (Illumina). The complete genome sequence of the strain was determined by using a PacBio 

Sequel (Pacific BioSciences, https://www.pacb.com) sequencer with Sequel SMRT Cell 1M v2 

(four/tray) and Sequel sequencing kit v2.1 (Pacific BioSciences) for long-read sequencing (insert 

size, ≈10 kb). High quality genomic DNA was used to prepare a SMRTbell library by using a 

SMRTbell template prep kit 2.0 (Pacific Biosciences). 

de novo Assembly and Annotation 

The draft genome contigs were assembled by using A5-Miseq software version 20140604 

with Illumina short reads (1). The circular genome sequence was constructed by using Canu 

version 1.4 (2), minimap version 0.2-r124 (3), racon version 1.1.0 (4), and Circlator version 1.5.3 

(5) with long read data. Error correction of circular sequence was performed by using Pilon 

version 1.18 with short reads (6). Annotation was performed in DFAST version 1.0.8 (7) and 

NCBI-BLASTP/BLASTX against deposited Chromobacterium complete genome sequences. 

in silico Genomic and Metagenomic Analysis 

For comparative genomic analysis, we downloaded 52 publicly available genome 

sequences of Chromobacterium spp. from NCBI Assembly database 

(https://www.ncbi.nlm.nih.gov/assembly) (Appendix 1 Table). The species prediction was 

performed by using average nucleotide identity (ANI) with FastANI program version 1.1 (8), 

rpoB phylogenetic analysis with FastTree2 (9), and 16S rRNA gene identity search by using 

BLASTN (10) with 16S rRNA reference sequences of 12 Chromobacterium strains. The 

simulated 150 mer paired-end short reads were generated from the available genomic sequences 

by using SimSeq software (11). All short read data was mapped by using bwa-MEM program 
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(12) against the C. haemolyticum CH06-BL complete genome sequence (accession no. 

AP019312) as a reference and single nucleotide variation (SNV) sites were extracted by using 

VarScan v2.3.4 (13). The repeat regions of CH06-BL genomic sequences were predicted by 

using NUCmer (14) and prophage regions were predicted by using PHASTER (15; SNVs on 

these regions were excluded. An SNV phylogenetic tree was constructed by the approximate 

maximum-likelihood method by using FastTree 2 (9), and visualized by using Figtree version 

1.4.3 (http://tree.bio.ed.ac.uk/software/figtree). 

To characterize the genomic features of C. haemolyticum CH06-BL, we performed a 

BLAST atlas analysis by using GView (16) and GView Server (https://server.gview.ca). We 

confirmed the organism classification of metagenomic sequences by using Centrifuge version 

1.0.4 (17) with custom database that was built from nt database and RefSeq database of genomic 

sequences of bacteria, archaea, viruses, and humans. 
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Appendix 1 Table. Antimicrobial susceptibility patterns of clinical and environmental isolates of Chromobacterium haemolyticum 

associated with near-drowning and river water, Japan* 

Antimicrobial drug 

Patient samples 

 

Environmental samples 

CH06-SPT CH06-BL CH08-RW1 CH08-RW2 CH08-RW3 

Ampicillin/sulbactam >32/16 >32/16  >32/16 >32/16 >32/16 

Piperacillin >64 >64  >64 64 >64 

Piperacillin/tazobactam <4 8  16 <4 <4 

Ceftazidime <1 <1  2 <1 <1 

Cefepime 2 4  8 2 2 

Cefozopran 2 4  2 2 2 

Cefoperazone/sulbactam <8/4 32/16  >32/16 <8/4 <8/4 

Imipenem 4 >8  >8 4 2 

Meropenem <0.5 2  4 <0.5 <0.5 

Amikacin >32 >32  >32 >32 >32 

Gentamycin >8 >8  >8 8 8 

Tobramycin >8 >8  >8 8 >8 

Minocycline <1 <1  4 <1 4 

Levofloxacin <0.5 <0.5  <0.5 <0.5 <0.5 

Ciprofloxacin <0.25 <0.25  <0.25 <0.25 <0.25 

Fosfomycin >16 >16  >16 >16 >16 

Aztreonam 2 4  2 2 2 

Chloramphenicol <8 <8  <8 <8 <8 

Trimethoprim-sulfamethoxazole <1/19 <1/19  <1/19 <1/19 <1/19 

*Patient samples were collected from sputum and blood; environmental samples were collected from the river at the site of the patient’s near-

drowning. 
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Appendix Figure 1. Heatmap of 16S rRNA of Chromobacterium haemolyticum in a case of pneumonia 

associated with near-drowning in river water, Japan. In total, 252,974 SNV sites were detected in core 

genome region among 19 strains. The phylogenetic analysis with SNV data was constructed by maximum 

likelihood method. Two clinical isolates (CH06-BL and CH06-SPT) and 3 environmental isolates (CH08-

RW1, CH08-RW2, and CH08-RW3) of C. haemolyticum in this study were discordant (27,867–29,491 

SNVs). Scale bar indicates nucleotide substitutions per site. SNV, single nucleotide variation. 
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Appendix Figure 2. Comparative genomic analysis among 19 strains of Chromobacterium haemolyticum 

in a case of pneumonia associated with near-drowning in river water, Japan. A complete chromosomal 

sequence of CH06-BL was determined by de novo assembly with short- and long-read data, followed by 

comparison using BLASTatlas analysis between strain CH06-BL and 18 C. haemolyticum strains. High 

homology (>80% nucleotide identity) regions against CH06-BL chromosome are displayed in each 

sample slot. Outer slot indicates genomic feature in CH06-BL chromosome; 4 genomic regions are 

conserved in clinical isolates from blood (yellow labels on outer slot). T3SS, type III secretion system; 

T5SS, type V secretion system. 
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