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ABSTRACT We report here the complete genome sequence of Clostridioides difficile
strain DH/NAP11/106/ST-42, which is now the most common strain causing C. diffi-
cile infection among U.S. adults. This strain was isolated from the stool from a hospi-
talized pediatric patient with frequent relapses of C. difficile infection.

Recent Clostridium difficile (newly reclassified as Clostridioides difficile [1, 2]) surveil-
lance data presented by the U.S. Centers for Disease Control and Prevention

suggest that epidemic strain ribotype 106 (via PCR ribotyping) is now the predominant
strain causing C. difficile infection (CDI) among U.S. adults (3, 4). This ribotype has also
been identified as group DH (by restriction endonuclease analysis [REA]) and NAP11 (by
pulsed-field gel electrophoresis) (5). We previously reported the predominance of REA
group DH in our single-center pediatric cohort (6). We report here the complete
genome sequence of C. difficile strain DH/NAP11/106/ST-42 isolated from the stool from
a hospitalized pediatric patient.

In 2012, CDI was diagnosed by tcdB PCR in a hospitalized teenage patient with
diarrhea. Saved stool was subsequently cultured anaerobically, and the isolate was
identified by REA as a previously uncharacterized subtype within group DH, similar to
DH7. This patient developed eight subsequent CDIs over a 3-year period. Stool samples
from three of these subsequent CDIs were available for culture, and all were identified
as the same DH subtype, suggesting frequent relapse with this particular strain.

The MICs (in micrograms per milliliter) as measured via the agar dilution method (7,
8) were 0.25 for metronidazole, 0.5 for vancomycin, 0.0039 for rifaximin, 0.125 for
fidaxomicin, 0.25 for surotomycin, 4 for clindamycin, and 2 for moxifloxacin. Thus, this
isolate was susceptible to metronidazole (8), vancomycin (9), rifaximin (10), and moxi-
floxacin (8) and intermediately susceptible to clindamycin (8). Susceptibility breakpoints
are not yet established for surotomycin and fidaxomicin.

Genomic DNA was extracted and pooled from 28 subcultures of this isolate using
the BiOstic bacteremia DNA isolation kit (Mo Bio Laboratories, Inc., Carlsbad, CA).
Libraries for PacBio sequencing on the RSII (Pacific Biosciences, Menlo Park, CA) were
prepared by shearing DNA with g-TUBES (Covaris), targeting an average fragment
size of 10 kb. The SMRTbell template preparation kit (Pacific Biosciences) was used
to ligate hairpin adapters required for sequencing to the fragmented DNA. Libraries
were size selected using the BluePippin (Sage Science, Beverly, MA) and sequenced
using PacBio’s P6-C4 chemistry and 240-min movies. PacBio raw data were corrected
and assembled using HGAP assembler (SMRT Analysis 2.3.0), Canu assembler version
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1.2, and Celera assembler version 8.2. The assemblers were run at default. Assemblies
were assessed for inconsistencies and misassembly using Nucmer whole-genome
alignments and Circleator plots (GC skew). The genome was assembled into a single
contig with average read coverage of 205-fold. The GC content was 28.62%. The contig
was circularized using Circlator version 1.5.1. No plasmids were identified. The final
assembly was polished using Quiver (SMRT Analysis 2.3.0). Indel errors were corrected
using Pilon version 1.21 using 301-bp paired-end reads generated on an Illumina MiSeq
system, with an average read coverage of 120-fold. The genome length after circular-
ization and indel correction was 4,087,127 bp. On-instrument adapter trimming was
performed. Annotation was performed by the NCBI Prokaryotic Genome Annotation
Pipeline. The sequence contained 3,562 coding sequences. The isolate sequence type
(ST) was identified as ST-42 by multilocus sequence typing (see http://pubmlst.org/
cdifficile).

Accession number(s). This whole-genome shotgun project has been deposited in
DDBJ/ENA/GenBank under the accession number CP022524. The version described in
this paper is the first version.

ACKNOWLEDGMENTS
We acknowledge James Osmolski at the Loyola University Chicago Stritch School of

Medicine for his assistance with performance of antibiotic susceptibility on the bacterial
isolate, the University of Maryland School of Medicine Institute for Genome Sciences for
performance of PacBio whole-genome sequencing, and Katherine Murphy and the
NUSeq Core at the Northwestern University Feinberg School of Medicine for their
assistance with performance of Illumina whole-genome sequencing.

This work was supported by grants from the Thrasher Research Fund (Early Career
Award number 11854 to L.K.K.), the National Institute of Allergy and Infectious Diseases
at the National Institutes of Health (grant K23 AI123525 to L.K.K. and grant K24
AI104831 to A.R.H.), and the American Cancer Society (grant MRSG-13-220-01 to E.A.O.).
The funders had no role in the study design, data collection and interpretation, or the
decision to submit the work for publication. The research reported in this publication
was supported, in part, by the National Institutes of Health National Center for
Advancing Translational Sciences (grant UL1TR001422).

The content of this article is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of Health.

REFERENCES
1. Lawson PA, Citron DM, Tyrrell KL, Finegold SM. 2016. Reclassification of

Clostridium difficile as Clostridioides difficile (Hall and O’Toole 1935) Pre-
vot 1938. Anaerobe 40:95–99. https://doi.org/10.1016/j.anaerobe.2016
.06.008.

2. Oren A, Garrity GM. 2016. List of new names and new combinations
previously effectively, but not validly, published. Int J Syst Evol Microbiol
66:3761–3764. https://doi.org/10.1099/ijsem.0.001321.

3. Paulick A, Karlsson M, Albreght V, Granade M, Guh A, Rasheed JK,
Limbago B, EIP CDI Pathogen Group. 2016. The role of ribotype 106 as
a cause of Clostridium difficile infection in the United States, 2012–2014,
abstr PIII-7. Abstr 13th Biennial Congress of the Anaerobe Society of the
Americas, 11 to 14 July 2016, Nashville, TN.

4. Karlsson M, Paulick A, Albreght V, Granade M, Guh A, Rasheed JK,
Limbago B, EIP CDI Pathogen Group. 2016. Molecular epidemiology of
Clostridium difficile isolated in the United States, 2014, abstr PIII-4. Abstr
13th Biennial Congress of the Anaerobe Society of the Americas, 11 to
14 July 2016, Nashville, TN.

5. Tenover FC, Akerlund T, Gerding DN, Goering RV, Boström T, Jonsson
AM, Wong E, Wortman AT, Persing DH. 2011. Comparison of strain
typing results for Clostridium difficile isolates from North America. J Clin
Microbiol 49:1831–1837. https://doi.org/10.1128/JCM.02446-10.

6. Kociolek LK, Patel SJ, Shulman ST, Gerding DN. 2015. Molecular epide-
miology of Clostridium difficile infections in children: a retrospective
cohort study. Infect Control Hosp Epidemiol 36:445– 451. https://doi.org/
10.1017/ice.2014.89.

7. Clinical and Laboratory Standards Institute. 2012. Methods for antimi-
crobial susceptibility testing of anaerobic bacteria; approved standard,
8th ed. CLSI document M11-A8. Clinical and Laboratory Standards Insti-
tute, Wayne, PA.

8. Clinical and Laboratory Standards Institute. 2015. Performance standards
for antimicrobial susceptibility testing; twenty-fifth informational sup-
plement. CLSI document M100-S25. Clinical and Laboratory Standards
Institute, Wayne, PA.

9. European Committee on Antimicrobial Susceptibility Testing. Breakpoint
tables for interpretation of MICs and zone diameters. Version 6.0. European
Committee on Antimicrobial Susceptibility Testing, Växjö, Sweden.
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Break
point_tables/v_6.0_Breakpoint_table.pdf.

10. Tenover FC, Tickler IA, Persing DH. 2012. Antimicrobial-resistant strains
of Clostridium difficile from North America. Antimicrob Agents Che-
mother 56:2929 –2932. https://doi.org/10.1128/AAC.00220-12.

Ozer et al.

Volume 5 Issue 38 e00923-17 genomea.asm.org 2

http://pubmlst.org/cdifficile
http://pubmlst.org/cdifficile
https://www.ncbi.nlm.nih.gov/nuccore/CP022524
https://doi.org/10.1016/j.anaerobe.2016.06.008
https://doi.org/10.1016/j.anaerobe.2016.06.008
https://doi.org/10.1099/ijsem.0.001321
https://doi.org/10.1128/JCM.02446-10
https://doi.org/10.1017/ice.2014.89
https://doi.org/10.1017/ice.2014.89
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
https://doi.org/10.1128/AAC.00220-12
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

