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Turicella otitidis is a newly described coryneform bacterium isolated from middle ear fluids. We report here
on the diagnosis of a strain isolated from otorrhea. The API Coryne system (bioMérieux, Marcy l’Etoile,
France) used alone failed to differentiate T. otitidis, Corynebacterium afermentans, and Corynebacterium auris
(ANF group). Biochemical tests such as DNase, enzymatic reactions (API ZYM; bioMérieux), and carbon
substrate assimilation tests (Biotype 100; bioMérieux) allow presumptive identification. However, only che-
motaxonomy and molecular biology can achieve unequivocal differentiation among these three species.

A number of authors have emphasized the importance of
nonfermenting coryneform bacteria in ear infections. Funke et
al. (5) isolated eight samples of a nonfermenting coryneform
bacterium (two acute otitis media, one chronic otitis media,
one otitis media, and four otitis media perforata). In five of the
cases, the isolates were monomicrobial. In the other three
cases, other bacilli were observed in addition to the coryne-
form bacterium. The gram-positive bacteria were identified as
Corynebacterium afermentans (group ANF-1 [absolute nonfer-
menter 1; Centers for Disease Control and Prevention classi-
fication]) by their biochemical characteristics, but as they were
mycolic-acid-free, they could not be classified in the genus
Corynebacterium. Moreover, the presence of the bacterium in
the polymicrobial compounds raised doubt as to its pathoge-
nicity. Simonet et al. (12) isolated in pure culture from middle
ear fluids collected by tympanocentesis 16 strains devoid of
mycolic acid which were very similar to C. afermentans. Nota-
ble differences in colony morphology and the presence of
DNase and trypsin activities led the authors to tentatively
name the strain ANF-1. On the other hand, the strains isolated
in pure culture by tympanocentesis from patients with acute
otitis media have been considered responsible for pathogene-
sis. In 1994, Funke et al. (6) clearly delineated C. afermentans
and the ANF-1-like corynebacteria by comparing the partial
16S rRNA gene sequences and proposed a new genus for the
ANF-1-like bacteria, Turicella, that contained only the Turi-
cella otitidis species. In a more recent article, Funke et al. (4)
described a coryneform bacterium responsible for otitis media,
close to C. afermentans and T. otitidis, which differed only in its
assimilation pattern and in the presence of mycolic acid. The
phylogeny of the bacterium based on the comparison of the
16S rRNA gene sequence assigned it to the genus Corynebac-
terium, and a new species, C. auris, was proposed. The ANF-3
group is now known as C. propinquum (10), but it is easily
differentiated from the other nonfermenting coryneform bac-
teria because of the presence of nitrate reductase.

In our clinical case, a 6-month-old girl was seen at regular
intervals by an otorhinolaryngologist. Three months earlier she
had undergone three surgical repairs for a bilateral maxillola-
biopalatine cleft with mucopurulent discharge. Four months
after the final intervention, she returned to the hospital with a
serous otitis of the right ear and spontaneous otorrhea of the
left ear. She greatly improved after administration of an amoxi-
cillin-clavulanic acid therapy.
We studied only one pus sample from serous otitis. Micro-

scopic examination of the pus revealed the presence of numer-
ous polynuclear cells, some gram-negative bacilli that were
later identified as Escherichia coli (because of the small num-
ber of colonies obtained on culture media, this bacterium was
not considered responsible for the infection), and numerous
gram-positive coryneform bacilli, which were sometimes coc-
cobacillary, sometimes longer in size and club shaped, and
often showed a V-like arrangement. The bacilli were some-
times discolored. Gram stain did not evoke T. otitidis because
bacilli were not branched (2). The colonies were nonhemolytic
on blood agar. After a 48-h CO2 incubation at 378C, they
measured approximately 2 mm. They were smooth, round,
raised, and pale yellow (the colonies are usually described as
creamy) (2). The strain did not require addition of Tween 80 to
the medium and was therefore nonlipophilic. It was oxidase
negative, catalase positive, nitrate negative, urease negative,
and esculin negative. It failed to acidify glucose, ribose, mal-
tose, sucrose, and glycogen, attributes placing it in the ANF-1
group (2). It did not produce gelatinase, allowing differentia-
tion from a nitrate-negative Brevibacterium sp. (2). Pyrazinami-
dase and alkaline phosphate were the only positive reactions in
the API Coryne system (3), allowing a 79.8% identification of
Corynebacterium group ANF. ANF-1 corynebacteria do not
produce acid from any sugars and do not possess urease activ-
ity. It seemed interesting to us to further discriminate between
C. afermentans (group ANF-1), T. otitidis (group ANF-1-like),
and C. auris.
Besides the biochemical characteristics revealed by the API

Coryne system, the following complementary tests were car-
ried out. DNase, examined on a DNA medium (bioMérieux),
was positive. Enzyme activity was determined with an API
ZYM system (bioMérieux) according to the manufacturer’s
instructions, i.e., after a 4-h incubation. These tests were per-
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formed on the clinical isolate discussed here and on the type
strain of T. otitidis (CIP 104075; Collection de l’Institut Pas-
teur, Paris, France). The results were compared with those
obtained by Funke et al. (4) using the same system for C. auris
and Riegel et al. (11) using the same system for C. afermentans.
The results in the first two columns of Table 1 pointed to T.
otitidis.
To achieve definite identification of the isolate, we per-

formed a chemotaxonomic study. Determination of cell wall
constituents, sugar analysis of whole-cell extracts, mycolic acid
detection, and polar lipid analysis were conducted by thin-layer
chromatography as described by Barreau et al. (1). Total-pro-
tein was profiled (sodium dodecyl sulfate polyacrylamide gel
electrophoresis) as previously described (1). Menaquinones
were demonstrated by chemical reduction (8) followed by fluo-
rimetric detection (7). The N-glycolyl groups were examined by
the colorimetric method as described by Uchida and Aida (13).
The strain contained meso-diaminopimelic acid but no mycolic
acid. It also contained arabinogalactane, and the high-perfor-
mance liquid chromatography peaks of the menaquinones
(MK-10 and MK-11) migrated with similar retention times as
those of the type strain of T. otitidis. It contained only a small
amount of phosphatidylglycerol as polar liquids and was gly-
colipid free with the methods used in this study. The protein
profile closely resembled (98% similarity) that of the type
strain of T. otitidis. The peptidoglycan of the strain revealed
N-glycolyl groups.
The results of the enzymatic study were in agreement with

those of Funke et al. (6), as alkaline and acid phosphatase,
esterase, leucine arylamidase, phosphoamidase, and lipase es-
terase were positive. On the other hand, and in agreement with
the results of Funke et al., neither lipase nor valine arylamidase
nor trypsin was positive under the normal incubation condi-
tions of the system, although they had been found to be pos-
itive by Simonet et al. (12). This poses a problem, as trypsin is,
with DNase, one of two characteristics that allow differentia-
tion of ANF-1 (C. afermentans), trypsin-negative, DNase-neg-
ative bacteria from ANF-1-like (T. otitidis), trypsin-positive,
DNase-positive bacteria (12). On the other hand, DNase was
positive for both the strain isolated and the type strain of T.
otitidis, thus confirming the importance of the discriminating
characteristics. DNase was found to be negative for one type
strain of C. auris (CIP 104632; Collection de l’Institut Pasteur
de Paris, France). The data given in Table 1 suggest that
leucine arylamidase, esterase lipase C8, and lipase may be
additional major characteristics allowing differentiation be-
tween T. otitidis and the other two species.

The carbon substrate assimilation profiles were determined
with the Biotype 100 system (bioMérieux), as described in the
manufacturer’s protocol. Interpretation of the results in Table
2 is difficult since we tested only three C. afermentans strains,
one C. auris strain, and two T. otitidis strains (the type strain
and the clinical strain). However, we noticed that C. afermen-
tans strains utilized fewer carbon substrates than the strains
from the other two species.
The data in Table 3 allowed presumptive identification of a

small gram-positive bacillus belonging to group ANF accord-
ing to the following characteristics: catalase positivity, nitrate
negativity, urease negativity, esculin negativity, pyrazinamidase
positivity, alkaline phosphate positivity, and failure to acidify
glucose, ribose, maltose, sucrose, and glycogen.

TABLE 1. Enzymatic reactions of T. otitidis, C. afermentans,
and C. auris

Reaction

T. otitidis

C. afermentansa C. aurisb
Isolate Type

strain Ref. 4c

Alkaline phosphatase 1 1 1 1 1
Esterase C4 1 1 1 1 1
Leucine arylamidase 1 1 1 2 1
Acid phosphatase 1 1 1 1 1
Phosphoamidase 1 1 V 2 1
Esterase lipase C8 1 1 1 2 1
Lipase C14 2 2 2 1 1
Cystine arylamidase 2 2 V 2 2

a The data are from reference 11.
b The data are from reference 4.
c Ref., reference; V, variable.

TABLE 2. Results of carbon substrate assimilation tests

Substrate C. afermentans
(3 strains)

C. auris
(type strain)

T. otitidis
(2 strains)

L-(2)-Malate Va 1 1
Citrate 2 2 V
2-Keto-D-gluconate 2 2 1
Phenylacetate 2 2 V
Caprylate 2 1 2
Succinate V 2 1
Fumarate V 1 1
3-Hydroxybutyrate 2 1 2
L-Glutamate 2 1 1
L-Proline 2 2 1
D-Alanine 2 2 1
L-Serine 2 1 1
Propionate 2 2 V
a-Ketoglutarate 2 2 1

a V, variable.

TABLE 3. Differentiation between C. afermentans, C. auris,
and T. otitidis

Characteristic or test

Result

C.
afermentans C. auris T. otitidis

Colony Flat,
grayish-
white,
smooth

Circular, convex,
dry, becoming
slightly yellowish,
slightly adherent
to agar

Circular,
convex,
creamy
(becoming
pale yellow)

CAMP test Va 1 1
DNase 2 2 1

Enzymes
Leucine
arylamidase

2 1 1

Esterase lipase C8 2 1 1
Lipase C14 1 1 2

Carbon substrate
assimilation

2-Keto-D-gluconate 2 2 1
Caprylate 2 1 2
3-Hydroxybutyrate 2 1 2
L-Glutamate 2 1 1
L-Proline 2 2 1
D-Alanine 2 2 1
L-Serine 2 1 1
a-Ketoglutarate 2 2 1

a V, variable.
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Recent phylogenic studies tend to demonstrate that T. oti-
tidis is very similar to the Corynebacterium species (4, 9). How-
ever, our chemotaxonomy results show that these species are
nonetheless not as closely related as they seem. T. otitidis is the
only coryneform bacterium that has a polar lipid profile with
absence of glycolipids. Moreover, the presence of N-glycolyl
groups is unknown in the genus Corynebacterium, but N-glyco-
lyl is present in Aureobacterium and Microbacterium spp.

We are grateful to M. Leclercq and his team (Institut Pasteur de
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Courcier for translating the manuscript, and to C. Bizet, curator of the
collection of bacterial strains of Institut Pasteur.
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