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Abstract
We report the case of isolation of Bordetella trematum from the respiratory tract of a patient with lung carcinoma. This
gram-negative, opportunistic rod was firstly described in 1996. To date, only several strains of Bordetella trematum
have been isolated and reported, mostly from skin and soft tissue infections. The patient was admitted to the ICU of
the Pulmonary Department in incipient septic shock with respiratory failure. Intravenous fluid resuscitation and non-
invasive ventilation were administered immediately. A broad spectrum antibiotic piperacillin/tazobactam was admin-
istered empirically after sampling of material for microbiological examination. The bronchoscopy showed a large
cavern of decayed tumour invading into mediastinum. Both sample cultures showed significant quantities of gram-
negative non-fermenting bacteria. The isolate was identified using MALDI-TOF MS as Bordetella trematum and the
identification was confirmed using 16S ribosomal RNA sequencing. In the last few years, routine bacterial identifi-
cation using MALDI-TOF MS has enabled correct discrimination of this species. Nevertheless, isolation of Bordetella
trematum in clinical samples is still very uncommon, and it is appropriate to confirm the species identification via 16S
ribosomal RNA sequencing. To our knowledge, this is the first case of B. trematum isolated from the human respi-
ratory tract since its first description. The clinical significance of Bordetella trematum in the rapid deterioration of the
patient’s status remains unclear.

Keywords Bordetella trematum . Respiratory tract .MALDI-TOFMS . 16S rRNA sequencing . Case report

Introduction

The genus Bordetella (B.) consists of fifteen species (Vandamme
et al. 2015). In addition to the two major species relevant in
human infections,B. pertussis andB. parapertussis, other species
isolated from humans or the environment have been recently
described and included in the genus. Species within the genus

Bordetella are no longer considered strict respiratory tract path-
ogens.B. holmesiiwas originally described in invasive infections
and nowadays is recognized as the cause of pertussis-like illness.
Other new species, B. hinzii, B. bronchialis, B. flabilis and
B. sputigena have been isolated as colonizers from respiratory
samples in patients with cystic fibrosis (Vandamme et al. 2015).
B. trematum was recognized as a new species of the genus
Bordetella by Vandamme et al. in 1996. The novel species was
determined on the basis of detailed characterization of 10 strains
of atypical bordetellae isolated during the 1980s, mostly from
extremities wounds and several from otitis media.

B. trematum is a motile, gram-negative, oxidase-negative,
non-spore-forming, capsulated rod growing in a temperature
range of 25–42 °C (Vandamme et al. 1996). This species is
able to grow on common media such as blood agar,
MacConkey agar, or Mueller Hinton agar, suggesting its low
requirements for special growth factors.

B. trematum is rarely isolated from clinical materials. The
first well-described case of isolation of B. trematum from a
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diabetic leg ulcer was reported in Austria as late as in 2004
(Daxboeck et al. 2004). The species is most commonly found
as part of mixed flora in skin and soft tissue infections, espe-
cially in diabetic and chronic ulcers, and its clinical signifi-
cance remains questionable (Hernández-Porto et al. 2013;
Almagro-Molto et al. 2015; y Castro et al. 2019). More re-
cently, B. trematum was also isolated from bacteremic pa-
tients, where a wound infection was likely the source of bac-
teremia (Halim et al. 2014; Almagro-Molto et al. 2015;
Saksena et al. 2015; Majewski et al. 2016). So far,
B. trematum has been isolated from different sites of infection
including ear infection, wounds, ulcers, blood, but never from
the respiratory tract or even lower respiratory tract (von
Wintzingerode et al. 2001; Soumana et al. 2017).

Case presentation

We present a case of 68-year-old man with stage four of
non-small cell lung carcinoma previously treated also for
arterial hypertension, hyperlipidemia, coronary artery dis-
ease and chronic obstructive pulmonary disease. The
man was living in a flat with his girlfriend and two cats.
No information about special dietetic disorder or impor-
tant lifestyle changes was available. The patient was ad-
mitted to the oncological clinic due to suspected post-
obstructive pneumonia. The next day, the patient was
transferred to the ICU of the Pulmonary Department in
incipient septic shock. Although the lactate level was
low (1.9 mmol/L), hypotension (95/49 mmHg) and
tachycardia 142/min-atrial fibrillation were presented.
Fluid resuscitation was initiated together with central
vein cannulation. The markers of inflammation were high
(CRP 217 mg/L and leukocytosis 34.49 × 109/L), and
there were signs of multi-organ failure: elevated liver
enzymes (ALT 2.26 μkat/L, AST 4.62 μkat/L),
prolonged coagulation (INR 1.76) and respiratory failure
with mixed acidosis.

Due to respiratory failure, non-invasive ventilation (NIV)
was initiated as soon as pneumothorax was ruled out with
bedside chest ultrasound because the breathing phenomena
were not very clear on the right lung. There had also been an
anamnesis of previous possible aspiration; immediate bron-
choscopy was performed while the patient continued on
NIV. There was no sign of aspirated food, but a large cavern
of decayed tumour was found completely devastating the prin-
cipal bronchus of the right lung and invading into the medi-
astinum. Bronchial toilette was performed and material for
microbiological examination was collected. After appropriate
fluid resuscitation, the patient’s circulation was stabilized
without the need of vasopressors. Within 6 h after admission,
the atrial fibrillation reverted spontaneously to sinus rhythm.
Despite the initial improvement, the patient started to

deteriorate again very soon in the presence of large decayed
end stage tumour with no possibility of active oncological
treatment. On the third day of hospitalization, patient died.

Microscopic observation of the bronchial lavage revealed
large numbers of leukocytes and gram-negative rods indistin-
guishable from the other non-fermenting or enteric rods, and
low numbers of yeast cells. In the sputum, gram-negative rods
were also present together with normal flora and yeast cells.
Growth occurred in 24 h of aerobic incubation at 37 ± 1 °C on
both the media used (blood agar and MacConkey agar), with
suspicion of a gram-negative non-fermenting rod. On the first
day, B. trematum appeared as tiny (about 1 mm) white to grey
cream colonies on blood agar with no typical odour. The sec-
ond day, colonies were larger, about 2 mm, convex, round and
non-hemolytic on blood agar and typically lactose negative on
MacConkey agar. In the case of bronchial lavage, B. trematum
was grown in almost pure culture in quantity 106 CFU/mL,
and yeasts—Candida albicans and Candida glabrata—were
visible on selective yeast medium in low quantities (102 CFU/
mL) as probable contamination from the upper respiratory
tract. In sputum, B. trematum was grown in quantity
106 CFU/mL with a mixture of Candida spp. (102 CFU/mL)
and normal flora (106 CFU/mL), i.e. viridans streptococci and
oral Neisseria spp.

The isolate was identified using matrix-assisted laser
desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS system, Bruker Daltonik GmbH,
Germany). The identification was repeated and revealed
an average spectral score of 2.15 for B. trematum.
Catalase activity testing in 3% hydrogen peroxide re-
vealed a positive result. Oxidase activity tested with ox-
idase test s tr ips (MLT OXItest , Erba-Lachema,
Czech Republic) showed a negative result.

Final confirmation of B. trematum involved amplification
and sequencing of 16S ribosomal RNA (rRNA) sequencing
with universal primers complementary to four conserved re-
gions flanking two hypervariable sequences (V3 andV6) from
highly conserved 16S rRNA (ABI 3500, Genetic Analyser,
Applied Biosystems/Thermo Fisher Scientific, Foster City,
CA). The results of sequencing were verified and confirmed
also by synthesis of a 1200 bp sequence of 16S rRNA using
primers according to Maiwald (2011). Final sequences were
subsequently analysed with Bionumerics 7.6.2 (Applied
Maths, Ghent, East Flanders, Belgium). The nucleotide se-
quence analysis showed the best BLAST hit with
B. trematum strain H044680328 (99% homology in both
cases).

Broad spectrum antibiotic piperacillin/tazobactam was ad-
ministered empirically as the patient had already been pre-
treated with amoxicillin/clavulanate in the oncological clinic
before admission to the ICU of the Pulmonary Department.

The bronchial lavage cultures showed B. trematum suscep-
tible, according to EUCAST version 7.0; PK/PD (Non-species

624 Folia Microbiol (2020) 65:623–627



related) breakpoints (EUCAST 2017), to the currently admin-
istered piperacillin/tazobactam (Table 1), while the CRP and
leukocytosis had mildly decreased. However, respiratory fail-
ure was still presented with no signs of improvement, and
requiring continuous NIV. Despite all the efforts, the patient’s
condition worsened slowly after initial improvement. On the
third day of hospitalization, the patient died. Figure 1 shows a
timeline of the main events.

Discussion

Despite the fact that B. trematum is an implausible cause of
respiratory tract infection, we are of the opinion that the
role of this bacterium in the rapid deterioration of the pa-
tient’s status should be at least considered. In most of the
case reports, B. trematum was isolated from polymicrobial
infection sites including inflammatory processes such as
chronic ulcers or wounds with decreased tissue perfusion
and necrosis, and its clinical significance was interpreted
as unclear (Daxboeck et al. 2004; Almagro-Molto et al.
2015; Almuzara et al. 2015). We believe that a similar
inflammatory process could have been presented in the
decayed lung tumour, which enabled the colonization or
infection by B. trematum. We also believe that the patient
was not colonized by B. trematum during his stay in hos-
pital, since on the same day he was admitted to hospital, a
sputum sample had been collected with a positive finding
of B. trematum (Fig. 1). We can deduce the environment to
be the patient’s source of B. trematum, since according to
Soumana et al. (2014), B. trematum may be found in water
or soil. Moreover, in our case, B. trematum was isolated
from the patient in significant quantities, 106 CFU/mL in
both bronchial fluid and sputum, without the presence of
any other pathogenic bacteria with suspicion for a

pneumonia caused by bronchial obstruction from lung can-
cer. The low quantities of Candida spp. found in bronchial
fluid and sputum were assumed to have minimal effect on
the patient’s health status. Despite the treatment with
piperacillin/tazobactam to which B. trematum was suscep-
tible and a slight subsequent decrease in inflammation
markers, the patient’s condition continuously worsened to
the third day when he died.

B. trematum is increasingly being recognized as an
aetiology of bacteremia and a co-aetiology of wound
infection and diabetic ulcers. Although the species
B. trematum has been known for more than 20 years, there
is still little evidence concerning its virulence factors and
pathogenicity. A study by Caroff et al. (2001) revealed in
B. trematum semi-rough lipopolysaccharide with a single O-
unit which is unique among other Bordetella species, suggest-
ing its possible influence on the immune system response.
Some authors described the lipid A unit of B. trematum as
identical to that of B. hinzii (Almagro-Molto et al. 2015).
Novikov et al. (2014) reported a modification in lipid A of
B. trematum and B. hinzii which may play a role in shielding
these bacteria from the host immune system.

B. trematum can generally be considered susceptible to
piperaci l l in / tazobactam, imipenem, meropenem,
trimethoprim/sulfamethoxazole and colistin, which is in ac-
cordance with the susceptibility profile of our isolate
(Table 1). Since there have been only a few isolates, which
have shown variable susceptibility profiles, it is difficult to
assess optimal empirical antibiotic coverage for severe infec-
tions (Almagro-Molto et al. 2015; Almuzara et al. 2015).

MALDI-TOF MS was shown to be a rapid and reliable
method for identification of B. trematum (Almagro-Molto
et al. 2015). Almagro-Molto et al. (2015) reported the oxidase
test to be unreliable in the case of B. trematum, since their two
isolates showed an oxidase-positive reaction. B. trematum

Table 1 Susceptibility profile of Bordetella trematum isolated from the respiratory tract determined by the broth microdilution method. Interpretation
based on PK/PD (non-species related) breakpoints (Eucast Clinical Breakpoint version 7.0, valid from January 1, 2017)

Antimicrobial MIC value Interpretation Antimicrobial MIC value Interpretation

Ampicillin 2 S Gentamicin 4 N

Ampicillin/sulbactam 2 S Amikacin 4 N

Cefuroxime > 64 R Netilmicin 4 N

Cefotaxime 8 R Tobramycin 2 N

Ceftazidime 4 S Trimethoprim/sulfamethoxazole 8 N

Cefepime 4 S Ciprofloxacin 4 R

Piperacillin < 1 S Tetracycline 1 N

Piperacillin/tazobactam < 1 S Tigecycline 0.06 S

Aztreonam > 16 R Chloramphenicol 16 N

Meropenem < 0.12 S Colistin 0.25 N

Ertapenem < 0.015 S

S susceptible, R resistant. N–PK/PD (non-species related) breakpoint is not available; MIC value, concentration of antibiotic in mg/L
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isolated in our case was oxidase-negative. There can also be a
difference depending on the type of test used for determina-
tion of oxidase activity. However, B. trematum determination
may be difficult due to its slow growth. Especially from
polymicrobial infection samples such as ulcers or wounds,
B. trematum may be easily overlooked after 24 h or even
48 h of incubation at 37 °C. In the case of such complex
samples, B. trematum may be underdiagnosed (Almagro-
Molto et al. 2015).

One limitation of the present case report was that PCR
detection of the DNA of unculturable or fastidious respiratory
pathogens, e.g. Legionella pneumophila, was not performed
from bronchial fluid or sputum.

Conclusions

To our knowledge, this is the first case of B. trematum isolated
from the human respiratory tract (bronchial fluid and sputum)
since its first description in 1996. The clinical significance of
B. trematum remains unclear in our case. After administration

of piperacillin/tazobactam, markers of infection mildly de-
creased, but despite the initial improvement, the patient died
on the third day of hospitalization.

Since the occurrence of B. trematum is still extremely low,
the pathogenic potential, including virulence factors, of this
species in human infections remains to be elucidated.
However, improved and continuously more available identifi-
cation of bacteria using MALDI-TOF MS would increase the
number of B. trematum strains in the future, together with
more information about this novel species.

Acknowledgements The authors are grateful to Ian McColl M.D., Ph.D.
for assistance with the manuscript.

Authors’ contributions RK made substantial contributions to conception
and design, acquisition of data regarding Bordetella trematum identifica-
tion, and analysis and interpretation of data, and was mainly involved in
drafting the manuscript and giving final approval of the version to be
published. MS made substantial contributions to acquisition of data and
interpretation of data, and was involved in drafting the manuscript. RB
made substantial contributions to acquisition of sequencing data, analysis
and interpretation of data. LR agreed to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved. PP

The patient was admitted to Oncologic 

department

Respiratory failure was still presented 

with no signs of improvement 

Bronchial toilette was performed and 

bronchial fluid for microbiological

examination was collected, CRP 217 

mg/L

Amoxicillin/clavulanate was replaced 

by piperacillin/tazobactam (4.5 g IV 

every 6 h)

Due to respiratory failure, non-

invasive ventilation (NIV) was 

initiated 

Large cavern of decayed tumour was 

found completely devastating the 

principal bronchus of the right lung 

and invading into the mediastinum

Sputum sample was collected, empiric 

treatment with amoxicillin/clavulanate 

(1.2 g IV every 6 h), CRP 284 mg/L

B. trematum was detected using 

MALDI-TOF MS, CRP 260 mg/L

B. trematum susceptibility was 

evaluated, CRP 181 mg/L

68-year-old male with stage four non-small cell lung carcinoma was admitted to the hospital for the 

respiratory failure and incipient septic shock.

Death from respiratory failure

28/11/2017

29/11/2017

30/11/2017

31/11/2017

Fig. 1 A timeline of the important clinical findings of the patient’s disease

626 Folia Microbiol (2020) 65:623–627



agreed to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. MF agreed to be accountable for
all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and re-
solved. LM made substantial contributions to acquisition of sequencing
data, analysis and interpretation of data. HZ was involved in drafting the
manuscript and in giving final approval of the version to be published,
and was the recipient of the funding source. All authors read and ap-
proved the final manuscript.

Funding information The work was supported by the Czech Health
Research Council, Ministry of Health, Czech Republic, grant no. 17-
28539A.

Data availability The datasets used and/or analysed during the current
study are available from the corresponding author on request.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval The entire study design was in accordance with the
Medical Ethics Committee of the University Hospital Hradec Kralove
and has therefore been performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later amendments.

Consent for publication Written informed consent for publication was
obtained from the patient’s kin.

Abbreviations B, Bordetella;CFU, colony forming unit; ICU, intensive
care unit; MALDI-TOF MS, matrix-assisted laser desorption ionization
time-of-flight mass spectrometry; MIC, minimum inhibitory concentra-
tion; NIV, non-invasive ventilation; PK/PD, pharmacokinetic/pharmaco-
dynamic; rRNA, ribosomal RNA

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Almagro-Molto M, Eder W, Schubert S (2015) Bordetella trematum in
chronic ulcers: report on two cases and review of the literature.
Infection 43:489–494

Almuzara M, Barberis C, Traglia G et al (2015) Isolation of Bordetella
species from unusual infection sites. JMM Case Rep https://doi.org/
10.1099/jmmcr.0.000029

CaroffM, Aussel L, ZarroukH,Martin A, Richards JC, ThérisodH, Perry
MB, Karibian D (2001) Structural variability and originality of the
Bordetella endotoxins. J Endotoxin Res 7:63–68

Castro YTR, Martins RCR, Dal Forno NLF et al (2019) Bordetella
trematum infection: case report and review of previous cases.
BMC Infect Dis 19:485

Daxboeck F, Goerzer E, Apfalter P et al (2004) Isolation of Bordetella
trematum from a diabetic leg ulcer. Diabet Med 21:1247–1248

Halim I, Ihbibane F, Belabbes H et al (2014) Isolation of Bordetella
trematum from bacteremia. Ann Biol Clin (Paris) 72:612–614

Hernández-PortoM, CuervoM,Miguel-GómezMA et al (2013) Diabetic
leg ulcer colonized by Bordetella trematum. Rev Esp Quimioter 26:
72–73

Maiwald M (2011) Broad-Range PCR for Detection and Identification of
Bacteria. In: Persing DH, Tenover FC, Tang YW, Nolte FS et al
(eds) Molecular microbiology: diagnostic principles and practice,
2nd edn. American Society for Microbiology, Washington DC, pp
491–505

Majewski LL, Nogi M, Bankowski MJ et al (2016) Bordetella trematum
sepsis with shock in a diabetic patient withy rapidly developing soft
tissue infection. Diagn Microbiol Infect Dis 86:112–114

Novikov A, Shah NR, AlBitar-Nehme S et al (2014) CompleteBordetella
avium, Bordetella hinzii and Bordetella trematum lipid A structures
and genomic sequence analyses of the loci involved in their modi-
fications. Innate Immun 20:659–672

Saksena R, Manchanda V, Mittal M (2015) Bordetella trematum bacter-
emia in an infant: a cause to look for. Indian J Med Microbiol 33:
305–307

Soumana IH, Linz B, Harvill ET (2017) Enviromental origin of the genus
Bordetella. Front Microbiol 8:28. https://doi.org/10.3389/fmicb.
2017.00028

The European Committee on Antimicrobial Susceptibility Testing.
Breakpoint tables for interpretation of MICs and zone diameters,
version 7.0, 2017

Vandamme P, Heyndrickx M, Vancanneyt B et al (1996) Bordetella
trematum sp. nov., isolated from wounds and ear infections in
humans, and reassessment of Alcaligenes denitrificans Ruger and
Tan. 1983. Int J Syst Bacteriol 46:849–858

Vandamme PA, Peeters C, Cnockaert M et al (2015) Bordetella
bronchialis sp. nov., Bordetella flabilis sp. nov. and Bordetella
sputigena sp. nov., isolated from human respiratory specimens,
and reclassification of Achromobacter sediminum Zhang et al.
2014 as Verticia sediminum gen. nov., comb. nov. Int J Syst Evol
Microbiol 65:3674–3682

von Wintzingerode F, Schattke A, Siddiqui RA et al (2001) Bordetella
petrii sp. nov., isolated from an anaerobic bioreactor, and emended
description of the genus Bordetella. Int J Syst Evol Microbiol 51:
1257–1265

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Folia Microbiol (2020) 65:623–627 627

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1099/jmmcr.0.000029
https://doi.org/10.1099/jmmcr.0.000029
https://doi.org/10.3389/fmicb.2017.00028
https://doi.org/10.3389/fmicb.2017.00028

	Isolation of Bordetella trematum from the respiratory tract of a patient with lung cancer: a case report
	Abstract
	Introduction
	Case presentation
	Discussion
	Conclusions
	References


