
Short communication

The genus Veillonella has for many years
been restricted to the species Veillonella
parvula, Veillonella atypica, Veillonella
dispar, Veillonella criceti, Veillonella ratti,
Veillonella rodentium, and Veillonella
caviae (14, 20, 22). However, in recent
years three new species, Veillonella mont-
pellierensis, Veillonella denticariosi, and
Veillonella rogosae (2, 3, 13), have been
validly published. Veillonellae are
small, non-fermentative, anaerobic, gram-
negative cocci isolated from the oral
cavity and intestinal tract of humans and
animals that gain energy from the utiliza-
tion of short-chain organic acids (5, 24).
The human species are V. parvula,
V. atypica, V. dispar, V. montpellierensis,
V. denticariosa, and V. rogosae, the other
species being isolated primarily from
rodents. The human species may be
associated with mono-microbial infections

(17) and a strain identified as a member of
the V. ratti–V. criceti group has been
found in a semen sample from
a patient attending for infertility at a
urology unit (18).
Veillonella spp. are routinely isolated

from the oral cavity and are found on all
the mucosal and tooth surfaces but the
identification of members of this genus is
not reliable using either phenotypic char-
acteristics or by comparison of 16S ribo-
somal RNA (rRNA) nucleotide sequences
(19). To overcome these problems se-
quence analyses of rpoB, dnaK, or gyrB
have been used to define Veillonella spe-
cies (3, 13). This approach has enabled
clear discrimination between species that
are, on the basis of DNA–DNA homology
determination, well defined but that are
poorly defined on the basis of 16S rRNA
sequencing. This difficulty applies, in

particular, to the identification of V. dispar,
V. parvula, V. denticariosi, and V. rogo-
sae. The predominant Veillonella spp. on
healthy individuals have been identified
using 16S rRNA sequencing as ‘Veillonel-
la spp.’, V. parvula, V. dispar, ‘V. parvula/
V. dispar’, or V. atypica (1, 4, 10, 15)
while, using sodium dodecyl sulfate–poly-
acrylamide gel electrophoresis protein pro-
file analysis, V. dispar and V. atypica were
reported as the predominant Veillonella
spp. but V. parvula was not isolated (12).
The Veillonella spp. from the dorsum of
the tongue of patients with halitosis have
been identified, on the basis of 16S rRNA
sequencing, as ‘Veillonella spp.’, V. parv-
ula, V. dispar, or V. atypica (7, 10, 25, 26)
and those exhibiting nitrate reduction
activity have been identified as V. atypica
or V. dispar on the basis of 16S rRNA
sequencing (6,8) while checkerboard
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The predominant Veillonella spp. were isolated from the dorsum surface of the tongues of
11 healthy adults and identified to species level using rpoB sequencing because 16S
ribosomal RNA sequence analysis does not reliably differentiate between all members
of this genus. In all, 253 isolates were identified and the mean proportion (± SE) of
Veillonella spp. per sample was 16.2 (± 3.6) with a range of 3.0% to 36.3% of the total
anaerobic colony count. The predominant species were Veillonella atypica (10/11),
Veillonella dispar (9/11) and Veillonella rogosae (8/11) because they were isolated from
the majority of subjects. Veillonella parvula was isolated from only one subject while
Veillonella dentocariosi and Veillonella montpelleriensis were not isolated from any
subject.
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DNA–DNA hybridization studies identi-
fied V. parvula as one of the predominant
tongue organisms (8, 16). The identifica-
tion of V. parvula and V. dispar on the
basis of 16S rRNA sequencing is not
reliable (19) and since the above studies
were reported three new species have been
identified (2, 3, 13) so we have examined
the composition of the Veillonella popula-
tions on the dorsum of the tongue of
healthy adult subjects and identified these
using DNA-dependent RNA polymerase
subunit B (rpoB) sequence analysis.

Materials and methods

Sample collection and processing

Sterile cotton wool swabs were used to take
a sample of the microbial biofilm adherent
to the dorsum of the tongue of 11 healthy
adult subjects. The swabs were placed in
1 ml Fastidious Anaerobe Broth (FAB,
LabM, Bury, UK), vortexed to disperse
the biofilm and decimally diluted in FAB.
Aliquots (100 ll) were plated onto Fastid-
ious Anaerobe Agar (LabM) supplemented
with 5% (volume/volume) defibrinated
horse blood and Veillonella agar (21). The
Veillonella agar contained 5 g BactoTryp-
tone (Difco Media, BD, Oxford, UK), 5 g
Bacto Yeast Extract (Difco), 0.75 g sodium
thioglycollate (Sigma, Poole, Dorset, UK),
0.002 g Bacto Basic Fuchsin (Difco),
21 ml 60% sodium lactate (Sigma) and
15 g Bacto Agar (Difco), which were
added to 1 l of deionized water. The pH
was adjusted to 7.5 before autoclaving and
the mixture was supplemented with 7.5 lg/
ml vancomycin (Sigma) after autoclaving.
All media were incubated in an atmosphere
consisting initially of 90% (volume/vol-
ume) nitrogen and 5% (volume/volume)
each of hydrogen and carbon dioxide at
37�C for 4 days for the Veillonella Agar
and 7 days for the FAA.
The total number of bacteria in the

samples was determined by counting the
total number of colonies on the FAAwhile
the number of Veillonella was determined
by counting the total number of typical
colonies on the selective isolation medium.
The numbers of each colony type on the
Veillonella agar were counted and each
colony type was examined by Gram stain-
ing. Typical Veillonella colonies were 2–
4 mm in diameter, regular and slightly
domed in shape with an entire edge and
were composed of small, gram-negative
coccal cells, mainly as single cells but with
some short chains visible. The detection
limit was dependent upon the numbers of
bacteria in the sample but it was <0.1% of
the total colony count.

Identification of Veillonella spp.

To confirm the identity of the presumptive
Veillonella isolates representative colonies
composed of gram-negative cocciwere sub-
cultured on FAA and incubated anaerobi-
cally for 2 days. DNA was extracted from
individual colonies from each isolate by
the ‘tooth pick’ method and a portion of the
rpoB gene was amplified using the following
primers: Veill-rpoBF – GTAACAAAG-
GTGTCGTTTCTCG and Veill-rpoBR –
GCACCRTCAAATACAGGTGTAGC (2,
3). The sequences of these isolates
and those of type strains [V. rogosae
DSM18960 (EF211831), V. parvula
ATCC10790 (EF185158), V. atypica
ATCC17744 (EF185159), V. dispar
ATCC17748 (EF185161), V. denticariosi
CIP109448 (EF185162), V. caviae
DSM20738 (EF185163), V. criceti
ATCC17747 (EF185164), V. ratti
ATCC17746 (EF185165), V. rodentium
ATCC17743 (EF185166) and V. montpel-
lierensis CIP107992 (EF411194)] and of
the reference strain V. parvulaATCC17745
(EF185160) were aligned using BioEdit

(9) and the neighbor-joining method of
Saitou and Nei (23) was used to construct a
phylogenetic tree. The isolates in this study
were assigned to a species if they were
associated in clusters containing one of the
valid Veillonella species and also had
‡ 98% sequence identity with the species
with which they were clustered. From these
data the total number of Veillonella spp.
and the total number of each individual
species in each sample were determined
and expressed as percentages of the total
anaerobic count.

Results and discussion

The tongue swabs yielded high numbers of
bacteria [mean ± SE colony-forming units
(CFU) per swab as log10(CFU per swab)

was 7.29 ± 0.15, median 7.17]. Veillonella
spp. were isolated from the dorsum of the
tongue of each subject (Table 1); the mean
proportion (± SE) of Veillonella spp. per
sample was 16.2 (± 3.6) with a range of
3.0% to 36.3%. In all, 253 isolates were
identified using rpoB sequencing and all
isolates were identified as either V. dispar,
V. rogosae, V. atypical, or V. parvula.
While 16S rRNA sequencing has revealed
the phylogenetic relationships between
organisms in the genus Veillonella in
considerable detail, it has proven to be an
unreliable tool for identifying all species
(2, 3, 13, 19). This is unusual but within
the streptococci the species Streptococcus
pneumoniae, Streptococcus mitis and
Streptococcus oralis are also not reliably
identified using 16S rRNA sequencing and
sequence comparison of the sodA gene has
been recommended for their identification
(11). Alternative genes have recently been
used to establish the identity of organisms
and rpoB was reported to be the most
discriminatory for Veillonella (3); it also
has the advantage that organisms have
only one copy of the gene unlike the
multiple copies of the 16S rRNA gene
(18), which are not necessarily all identical
and may cause difficulties in obtaining
unambiguous sequence data. Fig. 1 is a
representative dendrogram of all the
Veillonella isolates from one subject, who
harboured all the different Veillonella spp.
identified in this study, showing the clus-
tering of individual isolates with valid
Veillonella species. None of the isolates
were identified as V. montpellierensis, pre-
viously isolated from clinical specimens
(13), and none was identified as belonging
to the species previously isolated from
various rodents, although a clinical isolate
had been identified previously as belong-
ing to the V. ratti–V. criceti group (18).
Furthermore, none of the 253 isolates were
identified as V. dentocariosi, which has

Table 1. Total anaerobic colony counts [as log10(CFU)], proportions of Veillonella spp. and
individual species as percentage of the total anaerobic colony count and the number of isolates from
each sample (n = 11) identified using partial rpoB sequencing

Sample
Total count
[log10(CFU)]

Total %
Veillonella spp.

V. rogosae
(%)

V. dispar
(%)

V. atypica
(%)

V. parvula
(%)

Number
of isolates

1 7.53 3.0 1.6 ND 1.4 ND 24
2 7.61 6.8 0.3 3.2 3.2 ND 21
3 7.59 36.3 17.3 6.3 12.6 ND 23
4 7.40 15.5 13.0 2.5 ND ND 25
5 7.23 30.0 4.0 16.6 9.3 ND 45
6 8.33 12.5 ND 4.3 8.1 ND 23
7 6.92 5.9 0.3 1.1 3.7 0.7 20
8 6.77 32.2 ND 3.6 28.6 ND 18
9 6.88 18.9 13.5 2.7 2.7 ND 21
10 7.11 3.8 ND ND 3.8 ND 19
11 7.00 13.1 1.9 0.9 10.3 ND 14

CFU, colony-forming unit; ND, not detected; detection limit <0.1% of the total count.
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recently been described and isolated from
carious lesions (3; Arif et al., submitted for
publication) but not from dental plaque of
caries-free children (Arif et al., submitted
for publication).
V. atypica was the most frequently iso-

lated species, being recovered from the
tongues of 91% of subjects (10/11), and in
subject 10 it was the only species isolated.
This was the only subject from whom only
a single Veillonella species was isolated,
suggesting that V. atypica may have the
ability to occupy all niches on the tongue

or that presence of some strains of this
species may preclude the colonization of
other members of the genus. V. dispar was
recovered from 82% (9/11) of the subjects
and V. rogosae was isolated from the
tongues of 73% (8/11) of the subjects.
Previously Hughes et al. (12) used sodium
dodecyl sulfate–polyacrylamide gel elec-
trophoresis protein profiles to identify
isolates and reported that V. parvula was
not present on the tongue, while others
have suggested that V. parvula was present
widely on the dorsum of the tongue (8, 10,

16, 17). These data support the previous
report (12) because V. parvula was isolated
from only one subject and formed only
0.74% of the total cultivable flora in that
subject. In previous studies, V. dentocari-
osi was isolated from infected human
dentine (3; Arif et al. submitted for pub-
lication) while V. parvula is routinely
isolated from the oral biofilm on the
dentition. However, V. rogosae was not
recovered from carious lesions in children
but only from the oral biofilm of the teeth
of caries-free children (Arif et al. submit-
ted for publication). Therefore there are at
least two factors that may influence the
distribution of Veillonella spp. in the
mouth; the surface colonized (tongue or
enamel) and the caries status of the enamel
surface colonized (decayed or intact).
The intraoral distribution of Veillonella

spp. is more complex than previously
reported and while phenotypic testing is
not useful for identifying members of this
genus (14) the present data support the use
of rpoB sequencing rather then 16S rRNA
sequencing to identify the members of this
genus.
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Fig. 1. Dendrogram showing relationships between Veillonella spp. isolated from the tongue sample
of subject 7 and their clustering with all accepted Veillonella type strains listed as species name, strain
number (GenBank sequence number).
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