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The primary purpose of the present siudy was Lo compare the microbial profiles of the tongue dorsa of
healthy subjects and subjects with halitosis by using cullure-independent molecular methods. Our overall goal
was to determine the bacterial diversity on the surface of the tongue dorsum as part of our ongoing efforls Lo
identify all cultivable and not-yet-cultivated species of the oral cavity. Tongue dorsum scrapings were analyzed
from healthy subjects with no complaints of halitosis and subjects with halitosis, defined as an organoleptic
score of 2 or more and volatile sulfur compound levels preater than 200 pph. 168 rRNA genes from DNA
isolated from tongue dorsum serapings were amplified by PCR with universally conserved bacterial primers
and cloned inte Escherichin coli. Typically, 50 to 100 clones were analyzed from each subject. Filty-one simins
isolated from the tongoe dorsa of healthy subjects were also analyzed. Partial sequences of approximately S0
bases of cloned inserts from the 165 rRNA genes of isolates were compared wilh sequences of known species
or phylotypes to determine species identity or closest relatives. Nearly complete sequences of about 1,500 hases
were obtained for potentially novel species or phylotypes. In an analysis of approximately 750 clones, %2
different hacterial species were ideniified. About half of the clones were identified as phylotypes, of which 29
were novel to the tongue microbiota. Fifty-one of the 92 species or phylotypes were detected in more than one
subject. Those species must associated with healthy subjects were Strepfocaccns safivarius, Rothia mucilaginosa,
and an uncharacierized species of Eubacterium (strain FIBA1). Streptococcus salivarius was the predominant
species in healthy subjects, as il represented 12 to 409 of the total clones analyzed from each healthy subject.
Overall, the préedominant microbiota on the tongue dorsa of healthy subjecls was different from that on the
tongue dorsa of subjects with halitosis. Those species most associated with halilosis were Afopobivm parvalum,
a phylotype (clone BS095) of Dialister, Eubacterium swelei, a phylotype {clone DRO34) of the uncultivated phylum
TMT, Solvbacterivm moorei, and a phylotype (clone BWODY) of Streptococcus. On the hasis of our ongoping efforts
to obtain full 165 rRNA sequences for all cultivable and nol-yet-cultivated species that colonize the oral cavity,

there are now over 600 species,

Halitosis, or oral malodor, is a common camplaint of up (o
one-third of the gencral population and a larpe concern for the
many individoals whom it affects (6, 19). Halitosis can arise
from a variety of sources including the sinuses, gastrointesting]
tract, ingested food, lungs, and, most frequently, the oral cav-
iy, Oral production of malodorous substances is most com-
monly associated with by-products of bacterial metabolic dep-
radarion ancd occurs on oral surfaces, in periodontal pockets,
and especially on the dorsal tongue surface. These products
result from microbial fermentation of proteins, peptides, and
mucins found in saliva, blood, gingival crevicular fluid, lysed
neutraphils, desquamared epithelial cells, and any residual
food retained on the oral surfaces {16). The most conspicuous
malodorous compounds are termed volatile sulfur compounds
{W5Cs), with hydrogen sullide, methyl mercaptan, and di-
methyl sullide accounting for roughly 0% of the VSCs (32).
Many oral bacteria, especially gram-negative anaerobic species
[ound in the subgingival plaque, produce a diverse array of
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malodorous compounds as by-products of their metabolism
including V5Cs and short-chain organic acids such as valeric
avid, butyric acid, putrescine, and skatole (16}, Species that
produce such malodorous compounds include Treponena den-
ticeln, Porphyromonay gingivalis, Prevotelle intermedia, Tan-
nevelln forsypchensiz, Porplivromonas endodontelis, and Eubacte-
rm specics (25, 26).

Halitosis has been correlated with the presence anc severity
of periodontal disease and by the amount of coating on the
tongue (3, 20, 21). Various methods of detecting and quanti-
fying oral odor have been proposed, including arganoleptic
odor rating schemes (smelling the breath) (27, 29, 33) and
analytical techniques involving pas chromatography, mass
spectrometry, and cryo-osmoscopy. Rosenberg and colleagues
(28) have reported on the wse of a portable sulfide monitor
called a Halimeter {Inlerscan, Chatsworth, Calif.) to quanti-
tate the levels of ¥5Cs in mouth breath and have shown that
these levels significantly correlate with the measurements
made by organoleptic odor rating schemes. In individuals with
aral malodor, tongue-coating samples have been shown to
hydrolyee  M-benzoyl-oi-arginine-2-naphthylamide (BANA)
(2, 4,11, 21). Since the BAMNA rest detects an argining hydro-
lase produced by protealytic bacteria, this test provides addi-






