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Abstract. Organisms that are not known to cause serious infection in the immunocompetent
population can, in fact, cause devastating illness in immunosuppressed neutropenic populations
especially those who are undergoing hematopoietic stem cell transplantation (HSCT), and solid
organ transplantation or a history of malignancy. One organism of interest isolated from
immunosuppressed patients at our institution was Bordetella bronchiseptica. It is known to cause
respiratory tract disease in the animal population which includes dogs, cats, and rabbits. This
organism rarely causes serious infection in the immunocompetent population. However; in
immunosuppressed patients, it can cause serious pulmonary disease. We present three cases of B.
bronchiseptica pneumonia in patients with a history of malignancy.
Introduction. Bordetella bronchiseptica is an aerobic,
motile, gram-negative rod most commonly viewed as a
commensal organism that inhabits the upper respiratory
tract of various domestic and feral mammals. Such
animals include guinea pigs, rats, mice, ferrets, horses,
chicken, mice, primates and koala bears. The spectrum
of illnesses caused by B. bronchiseptica in susceptible
animals includes tracheobronchitis of rabbits and
guinea pigs (snuffles) and dogs (kennel cough), as well
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as turbinate atrophy in swine.1-3
While B. bronchiseptica infection has been found in
this broad range of different hosts, it has two closely
related Bordetella species, B. pertussis and B.
parapertussis, that naturally infect humans.4 Despite
potentially frequent exposure to zoonotic sources of
this opportunistic agent, human infections are rare. As
of 2006 fifty-five cases of human infection have been
reported.5-7 We present 3 cases and literature review B.

bronchiseptica in the immunosuppressed population.
Case Series. Case One: A 43-yr-old female presented
with a 2-day history of increasing swelling of the face
and right upper extremity. In addition, she had one
week history of fever, progressive shortness of breath,
and cough with yellow sputum production. Four
months prior to admission, she was diagnosed with
superior vena cava syndrome and malignant thymoma.
She was treated with concomitant radiation and
chemotherapy followed by radical excision of the
thymoma and reconstruction of the right subclavian
vein with a Gortex graft. She was admitted to the
hospital and diagnosed with superior vena cava
syndrome due to thrombosis of the venous graft. An
unsuccessful attempt was made to lyse the thrombus
with urokinase. She had been an active smoker of one
pack of cigarettes a day for 20 years. She did not own a
pet and denied any contact with animals but she had a
history of cat scratch disease. Laboratory results
revealed an elevated WBC count of 21 cells/ml.
Sputum culture obtained at admission produced
moderate growth (2+) of B. bronchiseptica and C.
albicans. In vitro testing indicated sensitivity to
amikacin, gentamicin, tobramycin and piperacillin.
Blood and urine cultures were negative. Chest X-ray
demonstrated bilateral pleural effusions and lower lung
infiltrates. Intravenous cefotaxime 1gm thrice daily
was begun empirically along with 1 dose of
intravenous tobramycin 90 mg. On the fourth day of
hospitalization, the dyspnea worsened. Chest x-ray
demonstrated a left greater than right pleural effusion.
CT-guided thoracentesis of the left pleural effusion
drained 1 liter of a transudate-like fluid which was
negative for acid fast bacilli, bacteria, fungi, and
malignant cells.
One week after admission, the patient developed
severe respiratory distress. Cefotaxime was changed to
intravenous piperacillin 3g every four hours and
tobramycin 100mg every eight hours. Sputum cultures
again grew C. albicans as well as 4+ B. bronchiseptica
sensitive to amikacin, ceftazidime, gentamicin,
tobramycin and piperacillin. On day 9 of admission,
the patient developed fever of 39.5°C, septic shock and
multi-organ system failure. Sputum culture grew 2+ C.
albicans and 1+ B. bronchiseptica again sensitive to the
same antibiotics tested previously. Blood culture grew
S. epidermidis. She expired the following day.
Case Two: A 51-yr old male presented to the
emergency room with headache and confusion. CT of
the head revealed four discrete intracerebral tumors
consistent with brain metastases. Biopsy of the brain
revealed adenocarcinoma of unknown origin. CT of the
chest and abdomen and bone scan showed no
abnormality. He had a 60 pack-year tobacco smoking
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history. He was treated with concomitant radiation and
chemotherapy. One week after completing a third
course of chemoradiation, the patient complained of
left groin pain and swelling for 3 days, recurrent fevers
with chills, productive cough, confusion, dysuria and
multiple skin excoriations in the gluteal area. CT scan
of abdomen and pelvis showed incarcerated left scrotal
hernia with perforation and retroperitoneal abscess.
Chest x-ray was consistent with emphysema and
consolidation in bilateral lower lung fields. Blood and
urine culture showed no growth. He underwent
exploratory laparotomy for incarcerated hernia with
resection of sigmoid diverticulitis and drainage of a
retroperitoneal abscess with loop colostomy. He was
treated with intravenous ampicillin 2gm four times
daily, gentamicin 160mg thrice daily, and
metronidazole 500mg thrice daily. Two days after
admission, chest x-ray showed increased left basilar
infiltrates. Blood and urine cultures were negative.
Culture from the perineum abscess grew Bacteroides
fragilis,
Clostridium
perfringens,
viridans
Streptococcus, E. coli, and Enterococcus spp.
Intravenous ampicillin/sulbactam 3g four times daily
and fluconazole 200 mg once daily were added, and
ampicillin was discontinued. Five days after admission,
the patient became increasingly confused and
combative. Chest x-ray showed diffuse bilateral
infiltrates. Blood culture and urine culture were
negative. Sputum cultures grew Candida; Aspergillus
flavus and 2+ Bordetella bronchiseptica sensitive to
cephalothin, ceftazidime, mezlocillin, amikacin,
gentamicin, tobramycin, and piperacillin. Fluconazole
was discontinued, and intravenous amphotericin B lipid
complex 3mg/kg daily was added. On day 8 of
hospitalization, CT of the chest revealed diffuse
pulmonary interstitial infiltrates and consolidation at
the left lung base. After a prolonged hospitalization, on
day 26 his condition deteriorated and he expired.
Case Three: A 54-yr-old moderately obese male
presented for a routine follow up chest x-ray. Two
years prior, he had undergone surgery followed by
chemoradiation for right lung and supraglottal cancer
with no evidence of recurrence. The chest x-ray
showed a new left lower lobe consolidation with a right
pleural effusion. CT of the chest confirmed the
presence of the consolidation and was suspicious for
malignancy. He underwent bronchoscopy with videoassisted thoracoscopic surgery with wedge resection of
the lesion. Histopathology of the tissue demonstrated
multiple necrotizing granulomas negative for acid fast
bacilli and fungus. Tissue culture grew B.
bronchiseptica. On admission, he was hoarse with a
chronic cough. He had a tobacco smoking history of 70
pack-years. There was no fever, shortness of breath, or
chest pain and breath sounds were clear. He remained

stable and was discharged five days after surgery. The
treatment history was unavailable.
Discussion. Bordetella bronchiseptica infections
mainly occur in immunocompromised patients and can
cause a variety of respiratory symptoms, ranging from
severe to asymptomatic.1,2 In a review of the literature,
the majority of patients infected with B. bronchiseptica
had at least one predisposing disease such as acute
lymphocytic
leukemia,3
chronic
lymphocytic
4,5
leukemia, lymphopenia associated with temolozolide
treatment for glioblastoma,6 cystic fibrosis7 or had
undergone hematopoietic stem cell transplantation
(HSCT),8,9 or lung transplantation.10 Our study adds
three new cases of B. bronchiseptica pneumonia to the
current literature, which includes a patient with
malignant thymoma, a patient with adenocarcinoma of
unknown primary origin with brain metastases, and a
patient with a history of lung and supraglottic cancer.
It has been suggested that other microorganisms and
pathogens often accompany B. bronchiseptica
pneumonia such as Aspergillus fumigatus, Klebsiella
pneumonia,
Stenotrophomonas
maltophilia,
Mycobacterium tuberculosis, Staphylococcus aureus,
Rhodococcus equi.9-13 In two of our patients,
Aspergillus flavus and Candida albicans were isolated
along with B. bronchiseptica.
Some common pulmonary infections rather have a
similar presentation to B. bronchiseptica including
Streptococcus pneumoniae, Haemophilus influenzae,
Mycoplasma pneumoniae and Chlamydia pneumonia.
Initial misdiagnoses of B. bronchiseptica have included
tuberculosis, pneumocystis,13 Legionella14 and
brucellosis.15 It is important to consider B.
bronchiseptica infections when symptoms of B.
pertussis and B. parapertussis are displayed. Patients
infected with B. bronchiseptica typically present with
classic symptoms of pneumonia and in some cases,
present with acute sinusitis and bronchitis. They may
also exhibit a non-productive “whooping cough” which
is also characteristic of B. pertussis, leading to
misdiagnosis.16
B. bronchiseptica and B. pertussis both possess the
gene for the pertussis toxin but the toxin is only
expressed in B. pertussis. Alterations in the promoter
region of the ptx operon in B. bronchiseptica lead to
transcriptional silencing of the pertussis toxin gene
although the gene is biologically active. The ptx genes
of B. bronchiseptica have a different DNA sequence
than that of B. pertussis and lacks expression due to
mutations in the promoter regions.17
The current literature does not suggest that cigarette
smoking is a risk factor for B. bronchiseptica
pneumonia. However, each of our three patients
reported a history of smoking for 20, 60 and 70 pack
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years, respectively. One of our patients was diagnosed
with emphysema, and a second was being followed up
for a history of lung and supraglottic cancer. Shimoni14
also reported a case of fatal B. bronchiseptica
pneumonia in lung cancer patient who had smoked for
more than 30 years. The appearance of infections in
patients with a mild bronchiectasis, cystic fibrosis and
emphysema suggests that the lung diseases, especially
those that lead to structural changes, may predispose
patients to B. bronchiseptica infection.19
Virulence factors promoting colonization of B.
bronchiseptica in animals include filamentous
hemagglutinin, fimbriae, and pertactin which help the
organisms adhere to the cilia of the respiratory
epithelial cells resulting in stasis and difficulty of
clearing mucous. In addition, production of adenylate
cyclase toxin may interfere with the host immune
response.21-25
In many cases, the origin of the zoonotic infection
in immunocompromised hosts is usually through
animal contact. Common patient histories include
recent contact with ill cats and dogs, healthy dogs,24
and contact with newly vaccinated dogs.27 Therefore, a
history of contact with animals is very important in
immunocompromised individuals and such patients
should be counseled on how to minimize zoonotic
infections. They should be strongly cautioned to seek
veterinary consultation for treatment and vaccination of
sick pets and to minimize contact with animals when
they are ill. Nosocomial transmission of B.
bronchiseptica has also been reported in the
literature.28 This suggests that the animal contact is not
the only sole route of transmission of B. bronchiseptica
in
immunocompromised
patients.
Therefore,
physicians should be aware of the potential of
immunocompromised
patients
acquiring
B.
bronchiseptica in a healthcare setting.
Previous reports suggest that this organism also
exists as a human commensal.29-31 Diagnosis is based
on positive cultures or polymerase chain reaction from
a patient with a history of exposure to infected
animals.32 In cases of pneumonia, cultures from the
blood or bronchoalveolar lavage colony counts greater
than 104 are useful for diagnosis rather than sputum
cultures, as it would be difficult to determine whether
B. bronchiseptica had any role in the infection or if it
were just colonizing the airway. Gram stain of this
medium straight rod organism should be reviewed
carefully. A good quality sputum gram stain indicating
a good number of white blood cells and the presence of
gram negative coccobacillary organisms increases the
likelihood of B. bronchiseptica pneumonia. The
organism can be cultured in 48 hours on simple
nutritive media at 35 °C where it forms small circular
colonies. It can be distinguished from other

phenotypically similar organisms using biochemical
tests. B.bronchiseptica is positive for catalase, urease
and oxidase activity, citrate utilization, motility,
tetrazolium reduction and growth on salmonellashigella agar. It fails to grow on potassium tellurite
agar. The identification can be confirmed with
commercially available tests like Rapid NFT, APIZYM and Corning N/F system.33 There are no lab
values or radiographic findings specific for
B.bronchiseptica. Previous reports in the radiologic
literature have described various findings like
multifocal cavitary nodules, ground glass opacities,
consolidation, bronchiectasis, mosaic attenuation and
interstitial pneumonia.34
The response to various antimicrobials is similar to
that expected of a gram-negative non-fermentative
organism, but it is essential to choose one that has good
intracellular penetration.3,4 Though B. bronchiseptica is
an extracellular organism, recent studies have shown
that this organism is able to invade and persist in
eukaryotic cells, like phagocytes and even epithelial
cells.35,36 This invasive property is responsible for
chronic or recurrent infection in a host. The pervasive
disparity between antibiograms and clinical benefit can
be because of patient factors, like the severe underlying
disease or immunocompromised state, and different
properties of B.bronchiseptica like the adenylate
cyclase penetration into the polymorphonuclear cells
and macrophages leading to inhibition of bacteria
killing. Likewise, Kadlec et al found that the beta
lactamase gene blaoxa-2 conferred ampicillin
resistance to porcine B. bronchiseptica isolates while
low susceptibility to cephalosporins was based on the
low membrane permeability of B. bronchiseptica.37
The various antibiotics that can be used are
aminoglycosides,
quinolones,
anti-pseudomonal

penicillins, tetracycline and TMP-SMZ depending on
the susceptibility, though in vitro susceptibility does
not reflect in many cases clinical response, because of
reasons discussed earlier. Some treatment successes
have incorporated combinations of erythromycin,
ciprofloxacin and rifampin,33 and imipenem.39
The duration of treatment has not been established
in immunocompromised patients. It may extend
anywhere between 2 weeks to 6 weeks depending on
the immune status of the patient. Severely neutropenic
patients and those with GVHD may require 6 weeks of
therapy or even more.40-42 Chronic or recurrent
infection, even after the patient is not in contact with
infected animals, suggest epithelial invasion or
persistence of the bacterium in macrophages and these
cases require an even longer duration of therapy.43
Conclusion. B.bronchiseptica, found commonly in the
upper respiratory tract of animals, is also a human
commensal in the immunocompetent population.
However, it can lead to life-threatening infection in
those with underlying debilitation or impaired
immunity (like patients with neutropenia, diabetes,
malnutrition or transplant patients). B.bronchiseptica
should be considered, in the differential diagnosis, in
immunocompromised patients presenting with
respiratory symptoms, especially those with known
contact with animals. Nosocomial transmission has
also occurred, and physicians should be aware that
patients with impaired immunity in the healthcare
setting may also acquire an infection with B.
bronchiseptica. The duration and choice of antibiotic is
determined on a case by case basis, but treatment with
one that has good intracellular penetration is essential
because of the organism’s ability to invade epithelial
cells and phagocytes.

Table 1. Literature review of B. Bronchiseptica infection in Immunocompromised Patients
References
Age (yr)
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Malignancy
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Comorbid

Treatment

outcome
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Pneumonia

doxycycline
ciprofloxacin
cephazolin
piperacillin
tobramycin
gentamicin

pneumonia

-

cured

5

55
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60

M
M
M

Leukemia
Leukemia
CLL

Prednisone

Pneumonia
Pneumonia
Pneumonia

6

56

M

Glioblastoma

-

8
9

53
20

M
F

Hodgkin’s
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-

Chronic
cough
Pnemonia
Pneumonia

12
Our Study

26
43

F
F

Hodgkin’s
Thymoma

Prednisone
-

Pnemonia
Pneumonia

51

M

2
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brain tumor
54
M
supraglottic
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CLL indicates chronic lymphocytic leukemia; AML, acute myeloid leukemia

Mediterr J Hematol Infect Dis 2013; 5: Open Journal System

-

cured
expired
expired

References:
1.

2.

3.

4.

5.
6.

7.

8.

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

Wernli D, Emonet S, Shrenzel J, et al. Evaluation of eight cases
of confirmed Bordetella bronchiseptica infection and
colonization over a 15-year period. Eur Society of Clin
Microbiol
and
Infect
Dis.
2010;17:201-203.
http://dx.doi.org/10.1111/j.1469-0691.2010.03258.x
Woolfrey BF, Moody JA. Human infections associated with
Bordetella bronchiseptica. Clin Infect Dis. 1991;26(4):10021003.
Gomez L, Grazziutti M, Sumoza D, et al. Bacterial pneumonia
due to Bordetella bronchiseptica in a patient with acute
leukemia.
Clin
Infect
Dis.
1998;26(4):1002-1003.
http://dx.doi.org/10.1086/517630
Buggy BP, Brosius FC III, Bogin RM, et al. Bordetella
bronchiseptica pneumonia in a patient with chronic lymphocytic
leukemia.
South
Med
J.
1987;80(9):1187-1189.
http://dx.doi.org/10.1097/00007611-198708090-00028
Papasian CJ, Downs NJ, Talley RL, et al. Bordetella
bronchiseptica bronchitis. J Clin Microbiol. 1987;25(3):575-577.
Redelman-Sidi G, Grommes C, Papanicolaou G. Kittentransmitted Bordetella bronchiseptica infection in a patient
receiving temozolomide for glioblastoma. J Neurooncol.
2011;102:335-339. http://dx.doi.org/10.1007/s11060-010-0322-6
Brady C, Ackerman P, Johnson M, et al. Bordetella
bronchiseptica in a pediatric Cystic Fibrosis center. J Cyst
Fibros. 2013 Sep 3. pii: S1569-1993(13)00122-7
Huebner ES, Christman C, Dummer S, et al. Hospital-acquired
Bordetella bronchiseptica infection following hematopoietic
stem cell transplantation. J Clin Microbiol. 2006;44(7):25812583. http://dx.doi.org/10.1128/JCM.00510-06
Bawens JE, Spach DH, Schacker TW, et al. Bordetella
bronchiseptica pneumonia and bacteremia following bone
marrow transplantation. J Clin Microbiol. 1992;30(9): 2474-5.
Ner Z, Ross LA, Horn MV, et al. Bordetella bronchiseptica
infection in pediatric lung transplant recipients. Pediatr
Transplant. 2003;7(5):413-417. http://dx.doi.org/10.1034/j.13993046.2003.00074.x
Viejo G, de la Iglesia P, Otero L, et al. Bordetella bronchiseptica
pleural infection in a patient with AIDS. Scand J Infect Dis.
2002;34(8):628-629
http://dx.doi.org/10.1080/00365540210147697
Stoll DB, Murphey SA, Ballas SK. Bordetella bronchiseptica
infection in stage IV Hodgkin's disease. Postgrad Med J.
1981;57(673):723-724.
http://dx.doi.org/10.1136/pgmj.57.673.723
Lorenzo-Pajuelo B, Villanueva JL, Rodríguez-Cuesta J, et al.
Cavitary pneumonia in an AIDS patient caused by an unusual
Bordetella bronchiseptica variant producing reduced amounts of
pertactin and other major antigens. J Clin Microbiol. 2002;40(9):
3146-3154. http://dx.doi.org/10.1128/JCM.40.9.3146-3154.2002
Shimoni Z, Niven M, Mosenkis M, et al. Fatal pneumonia due to
Bordetella bronchiseptica. Isr Med Assoc J. 2000;2(5):402-403.
Lo Re V, Brennan PJ, Wadlin J, et al. Infected branchial cleft
cyst due to Bordetella bronchiseptica in an immunocompetent
patient.
J
Clin
Microbiol.
2001;39(11):4210-4212.
http://dx.doi.org/10.1128/JCM.39.11.4210-4212.2001
Patel AK, Prescott-Focht JA, Kunin JR, et al. Imaging findings
in human Bordetella bronchiseptica pneumonia. J Thoracic
Imag. 2011;26(4):146-149.
http://dx.doi.org/10.1097/RTI.0b013e31820209a1
Hausman SZ, Burns DL. Use of pertussis toxin encoded by ptx
genes from Bordetella bronchiseptica to model the effects of
antigenic drift of pertussin toxin on antibody neutralization. Inf
and Immunol. 2000;68(6):3763-3767.
http://dx.doi.org/10.1128/IAI.68.6.3763-3767.2000
El Ahmer OR, Essery SD, Saadi AT, et al. The effect of cigarette
smoke on adherence of respiratory pathogens to buccal epithelial
cells. FEMS Immunol Med Microbiol. 1999;23(1):27-36.
http://dx.doi.org/10.1111/j.1574-695X.1999.tb01713.x
Berkowitz DM, Bechara RI, Wolfenden LL. An unusual cause of
cough and dyspnea in an immunocompromised patient. Chest.
2007;131(5):1599-1602. http://dx.doi.org/10.1378/chest.06-1541
Chen H, Cowan MJ, Hasday JD, et al. Tobacco smoking inhibits
expression of proinflammatory cytokines and activation of IL1R-associated kinase, p38, and NF-kappaB in alveolar

Mediterr J Hematol Infect Dis 2013; 5: Open Journal System

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

macrophages stimulated with TLR2 and TLR4 agonists. J
Immunol. 2007;179(9):6097-6106.
Gueirard P, Weber C, Le Coustumier A, et al. Human Bordetella
bronchiseptica infection related to contact with infected animals:
persistence of bacteria in host. J Clin Microbiol.
1995;33(8):2002-2006.
Mattoo S, Miller JF, Cotter PA. Role of Bordetella
bronchiseptica fimbriae in tracheal colonization and
development of a humoral immune response. Infect Immun.
2000; 68(4):2024-2033. http://dx.doi.org/10.1128/IAI.68.4.20242033.2000
Confer DL, Eaton JW. Phagocyte impotence caused by an
invasive
bacterial
adenylate
cyclase.
Science.
1982;217(4563):948-950.
http://dx.doi.org/10.1126/science.6287574
Endoh M, Takezawa T, Nakase Y. Adenylate cyclase activity of
Bordetella organisms: Its production in liquid medium.
Microbiol Immunol. 1980;24(2):95-104.
http://dx.doi.org/10.1111/j.1348-0421.1980.tb00567.x
Bernis DA, Wilson SA. Influence of potential virulence
determinants on Bordetella bronchiseptica-induced ciliostasis.
Infect Immun. 1985;50(1):35-42.
Dworkin MS, Sullivan PS, Buskin SE, et al. Bordetella
bronchiseptica infection in human immunodeficiency virusinfected patients. Clin Infect Dis. 1999;28(5):1095-1099.
http://dx.doi.org/10.1086/514761
Gisel JJ, Brumble LM, Johnson MM. Bordetella bronchiseptica
pneumonia in a kidney-pancreas transplant after exposure to
recently vaccinated dogs. Transplant Infect Disease. 2010;12:7376. http://dx.doi.org/10.1111/j.1399-3062.2009.00451.x
Stevens-Krebbers AH, Schouten MA, Janssen J, et al.
Nosocomial transmission of Bordetella bronchiseptica. J Hosp
Infect. 1999;43(4):323-324. http://dx.doi.org/10.1016/S01956701(99)90436-X
Pedersen, M.M., E.Marso et al 1970. Non fermentative bacilli
associated with man. III Pathogenicity and antibiotic
susceptibility. Am. J. Clin. Pathol. 1970;54:178-192.
Gardner. P., W.P Griffin, M.N.Swartz et al 1970. Non
fermentative gram negative bacilli of nosocomial interest. Am. J.
Med.
1970;48:735-749
http://dx.doi.org/10.1016/S00029343(70)80009-2
Reina J, Bassa A, Llompart I et al. Pneumonia caused by
Bordetella bronchiseptica in a patient with thoracic trauma.
Infection. 1991;19(1):46-8.
http://dx.doi.org/10.1007/BF01643760
Hozbor D, Fouque F, Guiso N. Detection of Bordetella
bronchiseptica by the polymerase chain reaction. Res Microbiol.
1999;150(5):333-41.
http://dx.doi.org/10.1016/S0923-2508(99)80059-X
Choy KW, Wulffraat NM, Wolfs TF et al. Bordetella
bronchiseptica respiratory infection in a child after bone marrow
transplantation. Pediatr Infect Dis J. 1999; 18(5):481-3
http://dx.doi.org/10.1097/00006454-199905000-00022
Galeziok M, Roberts I, Passalacqua J. Bordetella bronchiseptica
pneumonia in a man with acquired immunodeficiency syndrome:
a case report. J Med Case Rep. 2009; 3:76.
http://dx.doi.org/10.1186/1752-1947-3-76
Forde CB, Shi X, Li J et al. Bordetella bronchiseptica-mediated
cytotoxicity to macrophages is dependent on bvg-regulated
factors, including pertactin. Infect Immun. 1999;67(11):5972-8
Schipper H, Krohne GF, Gross R et al. Epithelial cell invasion
and survival of Bordetella bronchiseptica. Infect immune.
1994;62(7):3008-11.
Kadlec K, Wiegand I, Kehrenberg C et al. Studies on the
mechanisms of beta-lactam resistance in Bordetella
bronchiseptica. J Antimicrob Chemotherap, 2007;59(3):396-402.
http://dx.doi.org/10.1093/jac/dkl515
Zuabi T, Faivisevitz A, Alkan ML. Severe pneumonia caused by
Bordetella bronchiseptica [Article in Hebrew]. Harefuah.
1999;137(5-6):189-90, 263.
Rath BA, Register KB, Wall J et al. Persistent Bordetella
bronchiseptica pneumonia in an immunocompetent infant and
genetic comparison of clinical isolates with kennel cough
vaccine strains. Clin Infect Dis. 2008;46(6):905-8.

http://dx.doi.org/10.1086/528858
40. Chauncey JB, Schaberg DR.Interstitial pneumonia caused by
Bordetella bronchiseptica in a heart transplant patient.
Transplantation. 1990;49(4):817-9.
http://dx.doi.org/10.1097/00007890-199004000-00034
41. Decker GR, Lavelle JP, Kumar PN et al. Pneumonia due to
Bordetella bronchiseptica in a patient with AIDS. Rev Infect Dis.

Mediterr J Hematol Infect Dis 2013; 5: Open Journal System

1991;13(6):1250-1. http://dx.doi.org/10.1093/clinids/13.6.1250
42. Katzenstein DA, Ciofalo L, Jordan MC. Bordetella
bronchiseptica bacteremia. West J med. 1984;140(1):96-8.
43. Gueirard P, Weber C, Coustumier AL, et al. Human Bordetella
bronchiseptica infection related to contact with infected animals:
persistence of bacteria in host. J Clin Microbiol.
1995:33(8):2002-6

