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A novel family of Burkholderiales bacteria was identified in ileal biopsy specimens from children presenting
with symptoms of inflammatory bowel disease. A molecular subtyping approach based on sequencing of a
variable region of the bacteria’s 23S rRNA genes identified three variants. Pilot analysis identified one variant
to be significantly associated with perianal Crohn’s disease.

The Burkholderiales order comprises four families of Gram-
negative bacteria, some of which harbor species that have been
implicated in human diseases such as respiratory infections
(Bordetella spp.) and chronic granulomatous disease (Burk-
holderia cepacia complex spp.) (5, 6, 9, 14). Members of the
Burkholderiales have not been previously described in associa-
tion with gastrointestinal disease. However, Burkholderiales be-
long to the phylum Proteobacteria, which has been documented
to persist in and dominate the gut microbiota of patients with
active inflammatory bowel disease (IBD) (4, 11, 12).

IBD includes Crohn’s disease (CD) and ulcerative colitis,
which are lifelong diseases associated with chronic inflamma-
tion anywhere along the gastrointestinal tract. CD is hypothe-
sized to be initiated by an environmental trigger in individuals
who are genetically susceptible.

Preliminary subtractive hybridization experiments con-
ducted in our laboratory identified a unique bacterial genome
sequence of rRNA genes in ileal tissues from patients with CD.
This unique sequence exhibited 89% nucleotide identity to the
23S rRNA genes of Bordetella petrii, a species of the Burkhold-
eriales order. The low sequence homology to 23S rRNA genes
of members of the Burkholderiales suggested that this is a new
bacterium not previously identified in the human intestine.

Techniques for metagenomic identification and character-
ization of bacteria have previously used comparative sequence
analysis of rRNA genes to infer evolutionary relationships and
define bacterial species (7, 8, 10). The objectives of this study
were to characterize the new Burkholderiales bacterial species
using 23S rRNA gene sequence analysis and to compare its
prevalence in ileal tissues from pediatric patients with CD with
that in tissues from non-IBD control patients.

Sixty-nine patients (aged 3 to 16 years; mean age, 12 = 3.45
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years) undergoing initial endoscopy at The Royal Children’s
Hospital, Victoria, Australia, with symptoms suggestive of in-
flammatory bowel disease (IBD), were prospectively recruited
into the study under ethics approval from the Human Ethics
Committee of The Royal Children’s Hospital (EHRC no.
23003). None of the 36 CD and 33 non-IBD patients had re-
ceived antibiotics or immunosuppressive drugs prior to endos-
copy. The diagnosis of CD was established according to the Mon-
treal classification (13).

Briefly, DNA was extracted from ileal biopsy specimens (3 to
6 mm?) using a standard laboratory protocol (16). The preva-
lence of Burkholderiales bacteria in CD and non-IBD patients
was investigated using PCR targeting a 1.9-kb region of the 23S
rRNA gene (Fig. 1). Primer WSbugF (5" ATG GGT CAG
CGA CTT ACG TT) was designed based on the unique 23S
rRNA gene sequence obtained by subtractive hybridization,
while 2490r (5" CGA CAT CGA GGT GCC AAA C) was a
previously published conserved 23S rRNA gene reverse primer

23S F2 typing primer
nt 1657 - 1674
_’

B. petrii23S ' : T T T T 1
nt 2903

rRNAgene nt1 > <+
(AM902716) WSbugF 2490r
nt 572 - 591 nt 2470 - 2488

| ~1.9 kb |

FIG. 1. A schematic representation of the map location of primers
used in this study, against a GenBank reference B. petrii 23S rRNA
(accession no. AM902716). Primer WSbugF (nt 572 to 591) was de-
signed based on the unique 23S rRNA gene identified previously by
subtractive hybridization and amplifies a 1.9-kb region with primer
2490r (nt 2470 to 2488). The typing primer 23S F2 (5 GGA ACT CGG
CAA ATT GAC) binds to the conserved sequence from nt 1657 to nt
1674 and amplifies the variable region from nt 1690 to nt 1810 (in
gray). This region contains the 78-bp diagnostic region, nt 1721 to nt
1798.



1940 NOTES

69

100

36
100

100

83

83

—wl_

100

100

78
100

100

100[

100

90
i

Ell

100

100 L___[::
33

g7

93

r

100l

]

200 150

100 50

Janthinobacterium CP000269.1
Herminiimonas CU207211.1
Collimonas AY593480.1
Herbaspirillum DQ150556.1
Polynucleobacter CP000655.1
B.xenoworans CP000270.1
Cuprividus CU633749.1

Ralstonia AL646052.1

Alcaligenes faecalis X87282.1
B.bronchiseptica BX640449.1
Bordetella pertussis BX640420.1
Bordetella is BX640434.1
patient 124 (CD) GU189522
patient 137 (N) GU189526
patient 149 (CD) GU189528
patient 178 (N) GU189530
patient 181 (N) GU189531
patient 132 (CD) GU189523
patient 61 (CD) GU189524
patient 163 (CD) GU189529
patient 60 (N) GU189525
atient 138 (CD) GU189527
Polaromonas CP000316.1
Rhodoferax CP000267.1
Acidovorax CP000512.1
Delftia CP000884.1
Nitrosospira multiformis CP000103.1
Thiobacillus dentrificans CP000116.1
Methylobacillus flagellatus CP000284.1

Dechloromonas aromatica CP000089.1

Oxalobacteraceae

Burkholderiaceae

Comamonadaceae

Chromobacterium violaceum AE16825.1
Candidatus Procabacter AF352393.1
Pseudomonas putida CP000712.1
Shigella flexneri CP000266.1

Eschericia coli APEC01 CP000468.1
Geobacter sulfurreducens AEO17180
Desulfovibrio vulgaris CP000527.1

0

New Burkholderiales Family]

J. CLIN. MICROBIOL.

Alcaligenaceae

Burkholderiales

Betaproteobacteria

Gammaproteobacteria

Deltaproteobacteria

FIG. 2. Neighbor-joining phylogenetic tree, based on partial 23S rRNA gene sequences (1.9 kb), showing positions of strains isolated from
patient ileal biopsy specimens (CD patients 124, 149, 132, 61, 163, and 138; non-IBD patients 137, 178, 181, and 60) and related Proteobacteria
species from GenBank. Four representative reference genes from each of the Burkholderiales families, Alcaligenaceae, Oxalobacteraceae, Burk-
holderiaceae, and Comamonadaceae, were retrieved from GenBank for this comparison. Additionally, reference genes of the Gammaproteobacteria
and Deltaproteobacteria classes were included to serve as outgroups in the phylogenetic tree. GenBank accession numbers are shown beside each
reference name. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (500 replicates) is shown
next to the branches. Bar, 0.05 number of nucleotide differences.

(7). The Expand High Fidelity (EHF) PCR system (Roche)
was used to amplify 5 pl of DNA in a 50-pl PCR mixture
containing 2.6 U EHF enzyme mix, 1X EHF buffer, 1.5 mM
MgCl,, and a mixture of 200 wM deoxynucleoside triphos-
phates (dNTPs) and 300 nM each primer. PCR conditions
were denaturation at 94°C for 2 min, followed by 35 cycles of

extension step

94°C for 30 s, 58°C for 30 s, 72°C for 2 min, and a final

at 72°C for 7 min. PCR products were analyzed

using a 1% Tris-borate-EDTA (TBE) agarose gel and visual-
ized using ethidium bromide and UV illumination. A total of 22
of 36 (61%) CD specimens and 26 of 33 (79%) non-IBD patient
specimens were positive for the Burkholderiales 23S TRNA gene.
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Patient 43 (N)  CATCCGGAGC GTGAAGAGGT CTCAGAGAAT CGGTGGCTGC GACTGTTTAC TAAAARACACA GCACTCTGCA AAGACGAA
Patient 86_(CD) .......... A.. T
Patient 194 (N) ..CT.C.... A.. c . AL LT..
Patient 149 (CD) ..CT.C.... A.. c . AL LT..
Patient 80 (N)  ..CT.C.... A.. c . A.. LT..
Patient 47 (N)  ..C..C.... A.. c . A.. .T..
Patient_137_(N) ..C..C.... A.. c . A.. .T..
patient _147_(N) ..C..C.... A.. c LT
Patient_124_(CD) ..C..C.... A.. c . AL LT..
patient 181 (N) ..CT.C.. c T LT

Patient 164_(CD) ..C..C.. c LT LT

pPatient 175 (N) ..C..C.. c ST LT

Patient 38 (N) ..C..C.. c LT c.T LT

Patient 162 (N) ..C..C.. C R ..T .

Patient 28 (N) ..C..C.. c LT LT

Patient 178 (N) ..C..C.. c LT LT

Patient _100_(CD) ..C..C.. c LT LT

Patient 170_(CD) ..C.TT. .G...AC... .......... A.. LT ..T..
Patient 153 (N) C.TT. .G...AC... .......... A.. LT L.T..
Patient 193 (N) C.TT. LG...TC.vv v vvvv .. AL LT ..T..
Patient 132 (CD) ..C.TT. .G...AC... .......... A.. LT L.T..
Patient 61_(CD) C.TT. .G...AC... .......... A.. LT L.T..
Patient 60_(N)) C.TT. .G...AC... .......... A.. LT LT
Patient 138 (CD) ..C.TT.... .G...AC... .......... A.. LT LT
Patient 163 (CD) ..C.TT.... .G...AC... vuvvvnnuns Buvivvnnine oo T it it ce i e o Taus

FIG. 3. Multiple sequence alignment of 78-bp partial 23S rDNA sequences from 25 patients: 10 CD and 15 non-IBD (N) patients. The patient

43 sequence is taken as the consensus. There are three distinct variants: “124-type,” which includes patients 86, 194, 149, 80, 47, 137, 147, and 124;
“var124-type,” which encompasses patients 181, 164, 175, 38, 162, 28, 178, and 100; and “60-type” for patients 170, 153, 193, 132, 61, 60, 138, and
163. Patient 43 is distinct from each of the three variants but has the fewest differences with the var124-type.

Burkholderiales-positive 1.9-kb 23S rRNA gene PCR prod-
ucts from six CD and four non-IBD patients were cloned and
transformed into TOP10 One Shot chemically competent cells
(Invitrogen), and sequenced using BigDye Terminator version
3.1. Sequence analysis was verified using Sequencher (Gene
Codes Corp., Inc., Ann Arbor, MI), and phylogenetic analysis
was conducted using MEGA version 4.0 (15). Figure 2 illus-
trates how the 1.9-kb 23S rRNA gene sequences from CD and
non-IBD patients form a distinct phylogenetic cluster within
the Burkholderiales order, separate from the other four existing
families. All sequences were highly similar to each other and
exhibited 89 to 99% nucleotide identity by pairwise analyses.

Based on sequence alignments, a 78-bp variable region (nu-
cleotides [nt] 1721 to 1798 of reference strain Bordetella petrii
23S rRNA genes) was identified. Subtype analysis was per-
formed on sequences from 17 CD and 23 non-IBD patient
isolates, which were then categorized into three distinct seque-
vars: “124-type,” “var124-type,” and “60-type” (Fig. 3). Table 1
details the distribution of CD and non-IBD patients harboring
each sequevar. While there appears to be a trend for the 124-
and var124-types to be associated with non-IBD patients, this
observation was not significant (P = 0.153, two-tailed Fisher’s
exact test).

To determine the association between each variant type and

TABLE 1. Distribution of Burkholderiales sequevars in CD and
non-IBD patients

No. of patients in sequevar
Patient group

124-type var124-type 60-type
CD 4 6 7
Non-IBD 10 9 4

disease behavior and location, we analyzed the phenotypic
details available from 12 CD patients (Table 2). Perianal in-
volvement (p) was present in six of seven patients with the
60-type Burkholderiales strain but not in any of the five patients
with the 124-type strain (P = 0.015, Fisher’s exact test). There
was also a tendency for the 60-type patients (six of seven) to
have ileocolonic disease either with or without upper gastro-
intestinal involvement (L3*L4), while only two of five 124-

TABLE 2. Crohn’s disease patient phenotypes and the
corresponding variants of the newly described
Burkholderiales strains (60-type, 124-type,
and var124-type)*

Location(s) of Behavior of

Variant Patient no.

disease” disease®
60-type 61 L3 B2p
132 L3 B1
138 L3 Blp
163 L4 Blp
170 L3+L4 Blp
195 L3 Blp
197 L3+L4 Blp
124-type 86 L1 B1
124 L3+14 B1
149 L3+L4 B1
var124-type 91 L2 B1
100 L1+14 B1

“ All patients were 16 years or younger at the time of diagnosis (phenotype
Al). Phenotypes are based on the Montreal classification system (13).

L1, terminal ileum; L2, colon; L3, ileocolon; L4, upper gastrointestinal tract;
L1+LA4, terminal ileum plus upper gastrointestinal tract; L3+L4, ileocolon plus
upper gastrointestinal tract.

¢ B1, nonstricturing, nonpenetrating; B2, stricturing; p, perianal disease.
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type patients had ileocolonic disease (L3). This observation is
consistent with those of other studies suggesting that the al-
tered mucosal environment in CD patients could select for the
growth of particular strains of bacteria (3, 16). Future studies
of a larger cohort of CD patients will be necessary to deter-
mine whether this association is significant.

This study identified a novel family of bacteria within the
Burkholderiales order and Proteobacteria phylum. The new
Burkholderiales group comprises three sequevars, 60-type, 124-
type, and varl124-type, that can be distinguished by sequence
analysis of a 78-bp hypervariable region of the 23S rRNA gene.
Preliminary data suggest an association of the 60-type with
perianal Crohn’s disease and detail the importance of stratify-
ing patients into specific disease subgroups to allow better
assessment of microbial associations (1). Future studies char-
acterizing the single nucleotide polymorphism (SNP) expres-
sion profile of genes commonly associated with CD could pre-
cisely stratify patients and potentially identify gene mutations
that make a patient susceptible to particular infectious triggers.

Nucleotide sequence accession numbers. Sequences were
submitted to GenBank with accession numbers GU189522 to
GU189531.
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