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An 8-month-old boy developed a necrotic lung mass from which Burkholderia glumae was recovered, leading
to the diagnosis of chronic granulomatous disease (CGD). While other Burkholderia species have been iden-
tified as important pathogens in persons with CGD, B. glumae has not been previously reported to cause human

infection.

CASE REPORT

An 8-month-old boy presented to his pediatrician with a
3-day history of fevers in the absence of other symptoms.
History and physical examination provided no obvious source
for the fevers. Laboratory evaluation revealed a white blood
cell count of 29,000 per pl (49% neutrophils, 16% bands, and
29% lymphocytes), a hematocrit of 29% and a platelet count of
451,000 per pl. Blood cultures obtained at this visit were neg-
ative. He continued to have fevers during the next 4 days, after
which time a chest radiograph revealed bilateral perihilar in-
filtrates. Treatment with oral amoxicillin-clavulanate was initi-
ated, but treatment was switched to intramuscular ceftriaxone
after 4 days. After 2 days of ceftriaxone, therapy was changed
to oral cefdinir, which the patient received for 8 days. Through-
out this time he continued to have daily fevers as high as 105°F.
A repeat chest radiograph again demonstrated bilateral infil-
trates. Therapy with azithromycin was initiated, and the patient
was referred to a pediatric pulmonology clinic for further eval-
uation.

In the clinic, the patient’s physical examination was signifi-
cant for decreased breath sounds in the middle left and upper
right lung fields. A chest radiograph showed heterogeneous,
multifocal, and somewhat nodular opacities that were most
confluent in the right upper and left lower lobes. Computer-
ized tomography (CT) of the chest, abdomen, and pelvis re-
vealed a large (3.9 by 4.4 cm) mass within the left lower lobe
and numerous nodules, the largest of which measured 2.2 by
2.1 cm, distributed diffusely throughout the lungs (Fig. 1).
Enlarged cervical lymph nodes and diffuse mediastinal lymph-
adenopathy were present. The patient was admitted to the
hospital, and an open biopsy of the left lung revealed a ne-
crotic, exophytic tumor involving the majority of the lower
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lobe. Several specimens were obtained from the main mass,
and a wedge biopsy specimen containing two small nodules was
obtained from the apical segment of the left upper lobe. A
peripheral nodule in the left lower lobe was also resected.
There was no evidence of pleura-based disease. Initial gram
stains of the surgical specimens revealed no organisms and rare
white blood cells. Histopathology revealed a diffuse pattern of
acute pneumonia, with focal areas of necrosis and areas of
organization and coalescence into poorly formed granulomata.
The cellular composition of the inflammation was polymor-
phous; no malignant cells were identified. These findings were
deemed most consistent with an acute infectious etiology; how-
ever, no bacteria, fungi, or mycobacteria were identified on
special histochemical stains (periodic acid-Schiff, Gomori
methenamine silver, and Brown Brenn) performed on multiple
tissue samples from different sites.

Blood cultures taken on separate days, two of which were
taken prior to initiation of antibiotic therapy, remained nega-
tive. However, a surgical specimen culture was positive for a
nonfermenting gram-negative rod after 2 days of incubation.
This organism was oxidase negative and catalase positive, did
not grow on cetrimide, and did grow on Trypticase soy agar at
42°C. The organism was presumptively identified as Burkhold-
eria cepacia (similarity index of 0.572) by analysis of cell wall
fatty acid composition (Microbial Identification System, ver-
sion 4; MIDI, Inc. Newark, DE). Since the biochemical profile
was not consistent with B. cepacia complex, the analysis of cell
wall fatty acid composition was repeated the following day and
again gave a presumptive identification of Burkholderia cepacia
(similarity index, 0.669). A 16S rRNA-based PCR-based assay
specific for Burkholderia spp. was positive; however,16S rRNA-
and recA-based PCR assays specific for Burkholderia gladioli
and species within the Burkholderia cepacia complex were neg-
ative (22, 23, 37). This strain, designated AU6208, was further
analyzed by comparing its whole-cell protein profile with those
of several reference strains. Whole-cell protein electrophoresis
profiles correlate very well with levels of whole-genome DNA-
DNA hybridizations; the latter being the decisive criterion for
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FIG. 1. CT of the chest demonstrating a 3.9- by 4.4-cm mass within
the lower lobe of the left lung (arrow) and numerous smaller nodules
in both lungs.

species delineation (7, 35). Preparation of a protein extract and
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
were performed as described previously (24, 34). A numerical
analysis of protein profiles of AU6208 and phylogenetically
related reference strains, including Burkholderia glumae, B.
gladioli, and Burkholderia plantarii, was performed using the
GelCompar 4.0 software package (Applied Maths, Sint Mar-
tens Latem, Belgium) as described previously (6, 7, 34). Figure
2 demonstrates that strain AU6208 clusters among the B. glu-
mae reference strains. Finally, DNA sequence analysis of the
complete 16S rRNA gene of AU6208 demonstrated a similar-
ity level of 99.9% with sequences of B. glumae strains, including
the species type strain ATCC 33617 (36). This nucleotide se-
quence has been deposited in the GenBank database (see
“Nucleotide sequence accession number” below). Antimicro-
bial susceptibility testing of AU6208 indicated susceptibility
to piperacillin, ceftazidime, gentamicin, trimethoprim-sulfa-
methoxazole, and ciprofloxacin.

After surgery, therapy with cefotaxime and gentamicin was
initiated, but therapy was changed to ceftazidime and genta-
micin once susceptibility results were available. The patient
defervesced within 1 week of surgery, and a repeat chest CT
demonstrated an improvement in the bilateral pulmonary nod-
ules. The presence of poorly formed granulomata in the setting
of extensive pneumonia in the patient’s lung biopsy specimens
and the recovery of an unusual Burkholderia species suggested
the possibility of an underlying granulocyte disorder. Further
evaluation revealed a normal absolute lymphocyte count,
slightly elevated immunoglobulin G (IgG) and IgA with nor-
mal IgM and IgE, normal total hemolytic complement (CHs),
and a normal sweat chloride test. The neutrophil oxidative
burst assay was clearly abnormal on two occasions, consistent
with a diagnosis of chronic granulomatous disease (CGD).
Commerecially available sequencing of the CYBB gene was nor-
mal, ruling out the common X-linked form of CGD. The
2-base deletion in the gene NCFI most commonly associated
with autosomal recessive CGD was not present, and the se-
quence of CYBA, responsible for a small percentage of auto-
somal cases, was also normal. The patient’s mutation is pre-
sumed to be in NCF2, the other of the less common forms of
autosomal recessive CGD. After completion of a 4-week
course of intravenous antibiotics, prophylactic treatment with
trimethoprim-sulfamethoxazole was begun. There has been no
evidence of recurrent pneumonia during the subsequent 31
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FIG. 2. Dendrogram derived from the unweighted-pair group av-
erage linkage of correlation coefficients between the protein patterns
of strain AU6208 and reference strains of B. glumae, B. gladioli, and B.
plantarii. The rule at the top shows the percent similarity.
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months of follow-up during which the patient successfully un-
derwent an allogeneic hematopoietic stem cell transplant from
an HLA-identical sibling.

The genus Burkholderia comprises in excess of 40 species,
most of which are typically nonpathogenic for humans. Impor-
tant exceptions are Burkholderia mallei and Burkholderia
pseudomallei, which cause glanders and melioidosis, respec-
tively, and are considered potential agents of bioterrorism. The
closely related species within the B. cepacia complex are well-
known opportunistic pathogens affecting persons with cystic
fibrosis or CGD (8). To our knowledge, there have been no
previous descriptions of human infection caused by B. glumae,
an important pathogen of plants. In the case described here,
the recovery and identification of this unusual species from an
invasive pulmonary infection in a young child led to the diag-
nosis of CGD.

CGD was first described in 1967 as a primary immunodefi-
ciency characterized by defects in superoxide-generating
NADPH oxidase (16, 25). These defects result in the inability
of neutrophils to generate superoxide derivatives, such as hy-
drogen peroxide, hydrophilous acids, and hydroxyl radicals,
which in turn impairs killing of intracellular microbes (15). Any
one of the four subunits of NADPH oxidase may be involved
in CGD. The most common form (approximately 70% of
cases) is an X-linked mutation in the gene for phagocyte oxi-
dase cytochrome glycoprotein of 91 kDa (gp917"~), while
other forms involve autosomal recessive mutations in genes for
other NADPH oxidase components, such as p227"*%, p47°"~,
and p677"°* (15, 38). Patients with CGD are at increased risk for
invasive infections caused by various catalase-positive bacteria
including Staphylococcus aureus, Aspergillus spp., Nocardia spp.,
and Serratia marcescens (12, 20). Certain Burkholderia species,
particularly those within the B. cepacia complex, are well-
recognized pathogens in CGD patients (1, 2, 19, 30). In fact,
these species are especially virulent in CGD, causing sepsis and
being responsible for a significant proportion of fatalities in
these patients (38). More recently, B. pseudomallei and B.
gladioli also have been reported to cause infection in CGD (3,
11, 26). Although the precise reasons for the enhanced suscep-
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tibility of CGD patients to infection with Burkholderia species
are not clear, these species, in addition to producing catalase,
are resistant to nonoxidative killing by neutrophil cationic an-
tibacterial peptides and proteolytic enzymes (31). Bylund and
colleagues (5) also recently demonstrated that ingested Burk-
holderia induced significant levels of necrosis in neutrophils
from patients with CGD, suggesting yet another mechanism to
explain the severe pathology seen with Burkholderia infection
in this patient population.

B. glumae, first described in Japan in 1976 (33), has been
isolated in association with various plants including tomato,
hot pepper, eggplant, potato, perilla, sesame, and sunflower
(17). It is found epiphytically on rice leaves and in the rice
rhizosphere (32) and is an important pathogen of rice, being
implicated as a major cause of rice grain discoloration and
seedling rot (9, 10, 14, 33). It has been associated with epidemics
of rice panicle blight in the southeastern United States (29),
producing yield losses as high as 40% (27). There is some
evidence to suggest that this disease is seed borne, transmitted
from plants infected the previous year (30). Two toxins, ferve-
nulin and toxoflavin, appear to be involved in the phytopathol-
ogy of B. glumae (28).

The identification of B. glumae presents a challenge to the
clinical microbiology laboratory. Burkholderia species, in gen-
eral, can be difficult to distinguish from other closely related
genera such as Ralstonia, Cupriavidus, and Pandoraea (21).
Further, commercial bacterial identification systems do not
reliably differentiate individual Burkholderia species, most of
which are not human pathogens (4, 18). In this case, cellular
fatty acid analysis indicated that the recovered organism was a
likely Burkholderia species. Definitive identification was pro-
vided by a polyphasic analysis that included sodium dodecyl
sulfate-polyacrylamide gel electrophoresis of whole-cell pro-
teins and DNA sequence analysis of the 16S rRNA gene. This
case underscores recommendations that encourage the use of
reference laboratories capable of performing genetics-based
assays for the identification of Burkholderia and related species
(13). Such laboratories play an important role in contributing
to the clinical care of infected patients and to studies of the
epidemiology of unusual organisms in human disease.

In summary, the isolation of B. glumae from surgical speci-
mens from lung lesions in the patient described demonstrates
this species” human pathogenic potential and expands the spec-
trum of Burkholderia species involved in infection of patients
with CGD. The identification of this typically nonpathogenic
Burkholderia species resulted in a high index of suspicion of an
underlying immunodeficiency, which ultimately led to the di-
agnosis of CGD.

Nucleotide sequence accession number. The nucleotide se-
quence of strain AU6208 has been deposited in the GenBank
database under accession number DQ97837.
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