
Whole-Genome Sequences of Bacteremia
Isolates of Bordetella holmesii

Hervé Tettelin,a Thomas A. Hooven,b Xuechu Zhao,a Qi Su,a Lisa Sadzewicz,a

Luke J. Tallon,a Claire M. Fraser,a Adam J. Ratnerb,c

Department of Microbiology and Immunology, Institute for Genome Sciences, University of Maryland School
of Medicine, Baltimore, Maryland, USAa; Department of Pediatrics, Columbia University, New York, New York,
USAb; Departments of Pediatrics and Microbiology, New York University School of Medicine, New York, New
York, USAc

ABSTRACT Bordetella holmesii causes respiratory and invasive diseases in humans,
but its pathogenesis remains poorly understood. We report here the genome se-
quences of seven bacteremia isolates of B. holmesii, including the type strain. Com-
parative analysis of these sequences may aid studies of B. holmesii biology and assist
in the development of species-specific diagnostic strategies.

Bordetella holmesii is an opportunistic pathogen that is an occasional etiology of
pertussis-like respiratory illnesses and can cause invasive disease in immuno-

compromised individuals, particularly those with impaired splenic function (1). In
the mid-1990s, the organisms previously known as the nonoxidizer-2 group were
reclassified into the species B. holmesii (2), and the isolate from the first known
invasive case, which occurred in 1983, was designated the type strain (CDC F5101,
now called ATCC 51541). The majority of invasive cases have involved isolated
bacteremia, but there have been sporadic reports of endocarditis/pericarditis,
septic arthritis, and meningitis due to B. holmesii (3–11). There has been increased
interest in B. holmesii in recent years, as improved molecular techniques have
facilitated its identification (12). Several groups have reported whole-genome
sequences of B. holmesii clinical isolates (13–15), and a detailed analysis of Borde-
tella genome evolution has been performed (16). Here, we report the genome
sequences of seven additional strains (Table 1), including two complete genomes
(the type strain and strain 44057, which we previously reported in draft form
[13]).

The whole-genome sequences were determined using a hybrid approach that
combined HiSeq 2000 and Pacific Biosciences RS technologies. Outputs and metrics
for individual sequencing runs are available in the Sequence Read Archive. Assem-
bly was performed using Hierarchical Genome Assembly in SMRT (HGap version
1.4). The resulting assemblies ranged from 1 to 9 contigs, with genome sizes of
approximately 3.7 Mbp per genome. The GC contents were 62.6 to 62.8%, consis-
tent with those of previously reported B. holmesii genomes. Annotation was per-
formed using the IGS Prokaryotic Annotation Engine, as previously described (17).

These sequences will be useful for comparative analyses with other B. holmesii
strains and other bordetellae. Specific features, including predicted siderophore
biosynthesis genes, virulence regulatory systems, and the previously noted toluene-
4-monoxygenase system (13), are present and may be useful for studies of patho-
genesis and for the design of B. holmesii-specific detection strategies.

Accession number(s). These whole-genome sequences have been deposited in

GenBank under the accession numbers that appear in Table 1.

Received 19 August 2017 Accepted 23
August 2017 Published 28 September 2017

Citation Tettelin H, Hooven TA, Zhao X, Su Q,
Sadzewicz L, Tallon LJ, Fraser CM, Ratner AJ.
2017. Whole-genome sequences of bacteremia
isolates of Bordetella holmesii. Genome
Announc 5:e01023-17. https://doi.org/10.1128/
genomeA.01023-17.

Copyright © 2017 Tettelin et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Adam J. Ratner,
Adam.Ratner@nyumc.org.

PROKARYOTES

crossm

Volume 5 Issue 39 e01023-17 genomea.asm.org 1

http://orcid.org/0000-0003-1761-794X
https://doi.org/10.1128/genomeA.01023-17
https://doi.org/10.1128/genomeA.01023-17
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:Adam.Ratner@nyumc.org
http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01023-17&domain=pdf&date_stamp=2017-9-28
http://genomea.asm.org


ACKNOWLEDGMENTS

This work was supported by federal funds to the Institute for Genome Sciences
from the National Institute of Allergy and Infectious Diseases, National Institutes
of Health, Department of Health and Human Services, under contract number
HHSN272200900009C.

REFERENCES
1. Pittet LF, Emonet S, Schrenzel J, Siegrist CA, Posfay-Barbe KM. 2014.

Bordetella holmesii: an under-recognised Bordetella species. Lancet Infect
Dis 14:510 –519. https://doi.org/10.1016/S1473-3099(14)70021-0.

2. Weyant RS, Hollis DG, Weaver RE, Amin MF, Steigerwalt AG, O’Connor SP,
Whitney AM, Daneshvar MI, Moss CW, Brenner DJ. 1995. Bordetella
holmesii sp. nov., a new Gram-negative species associated with septice-
mia. J Clin Microbiol 33:1–7.

3. Tang YW, Hopkins MK, Kolbert CP, Hartley PA, Severance PJ, Persing DH.
1998. Bordetella holmesii-like organisms associated with septicemia, en-
docarditis, and respiratory failure. Clin Infect Dis 26:389 –392. https://doi
.org/10.1086/516323.

4. Moissenet D, Leverger G, Mérens A, Bonacorsi S, Guiso N, Vu-Thien H.
2011. Septic arthritis caused by Bordetella holmesii in an adolescent with
chronic haemolytic anaemia. J Med Microbiol 60:1705–1707. https://doi
.org/10.1099/jmm.0.033829-0.

5. Bassetti M, Nicco E, Giacobbe DR, Marchese A, Coppo E, Barbieri R, Viscoli
C. 2012. Bordetella holmesii endocarditis in a patient with systemic lupus
erythematous treated with immunosuppressive agents. J Chemother
24:240 –242. https://doi.org/10.1179/1973947812Y.0000000009.

6. Jonckheere S, De Baere T, Schroeyers P, Soetens O, De Bel A, Surmont I.
2012. Prosthetic valve endocarditis caused by Bordetella holmesii, an
Acinetobacter lookalike. J Med Microbiol 61:874 – 877. https://doi.org/10
.1099/jmm.0.038695-0.

7. Livovsky DM, Leibowitz D, Hidalgo-Grass C, Temper V, Salameh S, Korem
M. 2012. Bordetella holmesii meningitis in an asplenic patient with
systemic lupus erythematosus. J Med Microbiol 61:1165–1167. https://
doi.org/10.1099/jmm.0.038208-0.

8. Nei T, Hyodo H, Sonobe K, Dan K, Saito R. 2012. First report of infectious
pericarditis due to Bordetella holmesii in an adult patient with malignant
lymphoma. J Clin Microbiol 50:1815–1817. https://doi.org/10.1128/JCM
.06772-11.

9. Van Balen T, Nieman AE, Hermans MH, Schneeberger PM, de Vries E. 2012.
Bordetella holmesii meningitis in a 12-year-old anorectic girl. Pediatr Infect
Dis J 31:421– 422. https://doi.org/10.1097/INF.0b013e318241cd70.

10. Abouanaser SF, Srigley JA, Nguyen T, Dale SE, Johnstone J, Wilcox L,
Jamieson F, Rawte P, Pernica JM. 2013. Bordetella holmesii, an emerging

cause of septic arthritis. J Clin Microbiol 51:1313–1315. https://doi.org/
10.1128/JCM.06437-11.

11. Humphrey JM, Lacaille SN, Patel K, Thompson E, Tulumba S, Healey JH,
Gilhuley KA, Babady NE, Kamboj M, Mead PA. 2015. Prosthetic-joint-
associated Bordetella holmesii infection. Open Forum Infect Dis 2:ofv169.
https://doi.org/10.1093/ofid/ofv169.

12. Pittet LF, Emonet S, François P, Bonetti EJ, Schrenzel J, Hug M, Altwegg
M, Siegrist CA, Posfay-Barbe KM. 2014. Diagnosis of whooping cough in
Switzerland: differentiating Bordetella pertussis from Bordetella holmesii
by polymerase chain reaction. PLoS One 9:e88936. https://doi.org/10
.1371/journal.pone.0088936.

13. Planet PJ, Narechania A, Hymes SR, Gagliardo C, Huard RC, Whittier S,
Della-Latta P, Ratner AJ. 2013. Bordetella holmesii: initial genomic anal-
ysis of an emerging opportunist. Pathog Dis 67:132–135. https://doi.org/
10.1111/2049-632X.12028.

14. Tatti KM, Loparev VN, Ranganathanganakammal S, Changayil S, Frace M,
Weil MR, Sammons S, Maccannell D, Mayer LW, Tondella ML. 2013. Draft
genome sequences of Bordetella holmesii strains from blood (F627) and
nasopharynx (H558). Genome Announc 1(2):e00056-13. https://doi.org/
10.1128/genomeA.00056-13.

15. Harvill ET, Goodfield LL, Ivanov Y, Smallridge WE, Meyer JA, Cassiday PK,
Tondella ML, Brinkac L, Sanka R, Kim M, Losada L. 2014. Genome
sequences of nine Bordetella holmesii strains isolated in the United
States. Genome Announc 2(3):e00438-14. https://doi.org/10.1128/
genomeA.00438-14.

16. Linz B, Ivanov YV, Preston A, Brinkac L, Parkhill J, Kim M, Harris SR,
Goodfield LL, Fry NK, Gorringe AR, Nicholson TL, Register KB, Losada
L, Harvill ET. 2016. Acquisition and loss of virulence-associated factors
during genome evolution and speciation in three clades of Bordetella
species. BMC Genomics 17:767. https://doi.org/10.1186/s12864-016
-3112-5.

17. Galens K, Orvis J, Daugherty S, Creasy HH, Angiuoli S, White O, Wortman
J, Mahurkar A, Giglio MG. 2011. The IGS standard operating procedure
for automated prokaryotic annotation. Stand Genomic Sci 4:244 –251.
https://doi.org/10.4056/sigs.1223234.

TABLE 1 Characteristics of the sequenced B. holmesii strainsa

Strain name Genome length (bp) No. of contigs Accession no.

Source characteristics

Age (yr) Gender (M/F)b Known immunocompromising conditions

ATCC 51541T 3,699,674 1 CP007494 37 M Unknown (2)
44057 3,697,138 1 CP007495 7 F Sickle cell disease
35009 3,734,358 6 JDSK00000000 5 M Sickle cell disease
41130 3,716,989 4 JDSC00000000 77 M Organ transplant
70147 3,766,893 9 JDSJ00000000 73 F Lymphoma
30539 3,762,889 9 JDFP00000000 43 F Unknown
1058 3,727,750 4 JDTF00000000 16 F Sickle cell disease
aAll strains were isolated from blood.
bM, male; F, female.
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