INTERNATIONAL JOURNAL OF SYSTEMATIC BACTERIOLOGY, Jan. 1994, p. 24-37

0020-7713/94/$04.00+0

Copyright © 1994, International Union of Microbiological Societies

Vol. 44, No. 1

Ornithobacterium rhinotracheale gen. nov., sp. nov., Isolated
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The phylogenetic position and various genotypic, chemotaxonomic, and classical phenotypic characteristics
of 21 gram-negative avian isolates were studied. These strains constitute a genotypically homogeneous taxon in
rRNA superfamily V, as shown by DNA-rRNA hybridization data. Determination of the 16S rRNA sequence
of this taxon revealed its detailed position within the ‘“flavobacter’’ subgroup of the ‘“flavobacter-bacteroides®’
phylum as described by Gherna and Woese (R. Gherna and C. R. Woese, Syst. Appl. Microbiol. 15:513-521,
1992). This new taxon is only distantly related to other members of the “flavobacter-bacteroides’> phylum and
is therefore given separate generic status. The DNA-DNA binding values for members of this taxon, for which
we propose the name Ornithobacterium rhinotracheale, confirmed that all of the strains are highly interrelated
(DNA-DNA binding values greater than 90% were measured). The G+C contents of members of this taxon are
between 37 and 39 mol%. An analysis of the cellular proteins and fatty acids and classical phenotypic
characteristics allowed us to distinguish O. rhinotracheale from phenotypically similar taxa, such as Riemerella
anatipestifer and Capnocytophaga species. The respiratory quinone content (menaquinone 7) and carbohydrate
pattern of O. rhinotracheale conform with the respiratory quinone contents and carbohydrate patterns of other

members of rRNA superfamily V.

In the past decade, we determined the protein and fatty
acid profiles of a large number of avian isolates which could
not be classified after primary identification tests were
performed in veterinary laboratories. A total of 21 of these
isolates had very similar profiles and differed clearly from all
of the other strains investigated, including reference strains
of well-known fowl pathogens. These 21 strains were iso-
lated from the respiratory tracts of turkeys (10 strains),
chickens (7 strains), rooks, (3 strains), and a partridge (1
strain). Clinical data were not available for all of these
strains. However, most of the strains were associated with
various respiratory tract infections, including tracheitis,
pericarditis, sinusitis, airsacculitis, and pneumonia. Prelim-
inary data on some of the chemotaxonomic characteristics of
four strains have been described previously (36).

We studied a wide range of taxonomic parameters, includ-
ing genotypic, chemotaxonomic, and classical phenotypic
parameters, in order to establish the phylogenetic affiliation
and to comprehensively describe the new taxon, for which
we propose the name Ornithobacterium rhinotracheale.
Special emphasis was given to the differentiation of O.
rhinotracheale, Riemerella anatipestifer, and Caprocytoph-
aga species as these taxa share a number of phenotypic
characteristics.

* Corresponding author. Mailing address: Laboratorium voor
Microbiologie, Universiteit Gent, K. L. Ledeganckstraat 35, B-9000
Gent, Belgium. Phone: 32-9-2645114. Fax: 32-9-2645346.
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MATERIALS AND METHODS

Isolation of O. rhinotracheale strains. Samples were inocu-
lated onto media routinely used in veterinary laboratories,
such as blood agar (e.g., Columbia agar base [catalog no.
CM331; Oxoid] supplemented with 5 or 7% defibrinated
sheep blood) or chocolate agar. The inoculated plates were
incubated at different temperatures under various atmo-
spheric conditions.

Bacterial strains and growth conditions. O. rhinotracheale
strains and Riemerella and Capnocytophaga reference
strains were grown on Trypticase soy agar (catalog no.
11768; BBL, Becton Dickinson Microbiology Systems,
Cockeysville, Md.) and were incubated at 36 to 37°C in a
microaerobic atmosphere containing approximately 5% O,,
3.5% CO,, 7.5% H,, and 84% N, unless indicated otherwise.
The strains used and their sources are shown in Table 1.

Bacteriological purity was checked by plating and exam-
ining living cells, using phase-contrast microscopy and
Gram-stained cells. For mass cultures, cells were grown in
Roux flasks.

PAGE of whole-cell proteins. O. rhinotracheale, Riemer-
ella, and Capnocytophaga strains were grown for 48 h on
one to three petri dishes. Whole-cell protein extracts were
prepared, and sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis (PAGE) was performed as described
previously (54).

Numerical analysis of the protein gel electropherograms. A
densitometric analysis, normalization and interpolation of
the protein profiles, and a numerical analysis were per-
formed by using the GelCompar software package (Applied
Maths, Kortrijk, Belgium) as described previously (45).
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TABLE 1. Designations and sources of Ornithobacterium, Riemerella, and Capnocytophaga strains used

Strain® Other designations® Depositor®* Source (place and/or year of isolation)

O. rhinotracheale LMG 9085 CCUG 23170, MCCM 01773 Baxter-Jones Turkey, respiratory tract infection (United Kingdom)

O. rhinotracheale LMG 90867 CCUG 231717, MCCM 017747 Baxter-Jones Turkey, respiratory tract infection (United Kingdom)

O. rhinotracheale LMG 9087 CCUG 23172, MCCM 01778 Baxter-Jones Turkey, respiratory tract infection (United Kingdom)

O. rhinotracheale LMG 9088 CCUG 24022, MCCM 01779 Bissuel Turkey, respiratory tract (Plumeliau, France, 1988)

O. rhinotracheale LMG 10958 Hommez 4-9, CCUG 30115, MCCM 01780 Turkey, respiratory tract (Belgium)

O. rhinotracheale LMG 10960 Hommez 4-11, CCUG 30116, MCCM 01784 Turkey, trachea (Belgium, 1988)

O. rhinotracheale 1L.MG 10961 Hommez 4-12, CCUG 30117, MCCM 01793 Turkey, airsac and trachea (Belgium, 1989)

O. rhinotracheale LMG 10967 Hommez 5-28-2, CCUG 30118, MCCM 01794 Chicken, airsac (Belgium, 1990)

O. rhinotracheale LMG 10968 Hommez 5-28-3, CCUG 30119, MCCM 01795 Chicken, airsac and liver (Belgium, 1990)

O. rhinotracheale 1.MG 10969 Hommez 5-BN 1638-3, CCUG 30120, MCCM 01804 Chicken, lung (Belgium, 1990)

O. rhinotracheale 1.MG 11342 Hommez 4-10, LMG 10959, CCUG 30121, MCCM 01799 Commercially kept partridge, liver, subcutaneous tissue
and pericardium (Belgium, 1990)

O. rhinotracheale 1L.MG 11343 Hommez 5-28, LMG 10966, CCUG 30122, MCCM 01800 Chicken, airsac (Belgium, 1989)

O. rhinotracheale LMG 11553 Beichel 112, MCCM 00755, CCUG 30123 Rook, respiratory tract (Germany, 1983)

O. rhinotracheale 1.MG 11554 Beichel 113, MCCM 01035, CCUG 30124 Rook, respiratory tract (Germany, 1983)

O. rhinotracheale LMG 11555 Beichel 114, MCCM 01036, CCUG 30125 Rook, respiratory tract (Germany, 1983)

O. rhinotracheale LMG 11556 Beichel 118, MCCM 01037, CCUG 30126 Turkey, respiratory tract infection (Germany, 1981)

O. rhinotracheale 1L.MG 12589 Hafez GGD 1280-91, MCCM 01743, CCUG 30445 Hafez Turkey, respiratory tract infection (Stuttgart, Germany,
1991)

O. rhinotracheale 1L.MG 12590 du Preez BB 4-3290-1, MCCM 01744, CCUG 30446 du Preez Broiler chicken, airsac (Republic of South Africa)

O. rhinotracheale LMG 12591 du Preez BB 2-3263-3, MCCM 01747, CCUG 30447 du Preez Broiler chicken, airsac (Republic of South Africa)

O. rhinotracheale LMG 12599 Hafez GGD 1261-91, MCCM 01767, CCUG 30448 Hafez Turkey, respiratory tract infection (Stuttgart, Germany,
1991)

O. rhinotracheale LMG 12600 du Preez BG 4-7, MCCM 01766, CCUG 30449 du Preez Broiler, airsac (Republic of South Africa)

Capnocytophaga ochracea LMG 11546 CCUG 15407, ATCC 33596 ATCC Periodontitis (Boston, Mass., 1978)

Capnocytophaga sputigena 1.MG 115187  CCUG 97147, ATCC 336127, VPI 129137 VPI Periodontitis (1978)

Capnocytophaga gingivalis LMG 115147 CCUG 97157, ATCC 33624T, VPI 129147 VPI Periodontitis (Boston, Mass., 1978)

Capnocytophaga canimorsus LMG 11541  MCCM 00060, ATCC 35978, CDC C8936, CCUG 24741 CDC Human, blood after dog bite (California)

Capnocytophaga cynodegmi LMG 115137  CCUG 24742, ATCC 490447, MCCM 002477 CDC Dog, mouth (Virginia, 1979)

R. anatipestifer LMG 110547 MCCM 005687, CCUG 21370, ATCC 118457 Sommer Duck, blood

R. anatipestifer LMG 11056 CCUG 25000, HPRS 1795 Harry Duck (United Kingdom, 1966-1969)

R. anatipestifer LMG 11057 CCUG 25001, HPRS 2591 Harry Duck (United Kingdom, 1966-1969)

R. anatipestifer LMG 11059 CCUG 25005, HPRS 2336 Harry Duck (United Kingdom, 1966-1969)

R. anatipestifer LMG 11060 CCUG 25054, HPRS 2560 Harry Unknown

% ATCC, American Type Culture Collection, Rockville, Md.; Baxter-Jones, C. Baxter-Jones, British United Turkeys, United Kingdom; Bissuel, C. Bissuel, Montalieu-Vercieu, France; CCUG, Culture
Collection of the University of Goteborg Department of Clinical Bacteriology, University of Goteborg, Goteborg, Sweden; CDC, Centers for Disease Control and Prevention, Atlanta, Ga.; du Preez, J. H. du Preez,
Festive Farms, Olifantifontein, Republic of South Africa; Hafez, H. M. Hafez, Staatliches Tierarztliches Untersuchungsamt Stuttgart, Stuttgart, Germany; Harry, E. G. Harry, Houghton Poultry Research Station,
Houghton, United Kingdom; LMG, Culture Collection of the Laboratorium voor Microbiologie, University of Ghent, Ghent, Belgium; MCCM, Medical Culture Collection of Microorganisms, Marburg, Germany;
Sommer, A. I. Sommer, Tromsd, Norway; VPI, Virginia Polytechnic Institute and State University, Blacksburg.

# Qur isolate unless indicated otherwise.
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FIG. 1. Protein profiles of Ornithobacterium, Riemerella, and Capnocytophaga strains and corresponding dendrogram derived from
unweighed pair group average linkage of correlation coefficients (expressed for convenience as percentages).

Fatty acid methyl ester analysis. After incubation for 48 h,
a loopful of well-grown cells was harvested, and fatty acid
methyl esters were prepared, separated, and identified by
using the Microbial Identification System (Microbial ID,
Inc., Newark, Del.) as described previously (52).

Preparation of high-molecular-weight DNA. High-molecu-
lar-weight native DNA was prepared as described previously
(52).

DNA base compeositions. All of the G+C contents were
determined by the thermal denaturation method and were
calculated by using the equation of Marmur and Doty (33), as
modified by De Ley (10).

DNA-DNA hybridization experiments. The levels of DNA-
DNA binding, expressed as percentages, were determined
spectrophotometrically by using the initial renaturation rate
method of De Ley et al. (12). Each value given below is the
average of the values from at least two hybridization exper-
iments. DNA binding values of 30% or less indicate that
there was no significant DNA homology. The total DNA
concentration was about 35 pg/ml, and the optimal renatur-
ation temperature in 2x SSC (1x SSC is 0.15 M NaCl plus
0.015 M sodium citrate [pH 7]) was 66.4°C.

DNA-rRNA hybridization experiments. In vivo radioac-
tively labelled rRNA from O. rhinotracheale LMG 9086 (T
= type strain) was prepared by using a modification of the

procedure of Aiba et al. (1). Bacterial cells were cultivated as
described by De Ley and De Smedt (13). The cell growth
from a 100-ml broth culture (approximately 1 g) was sus-
pended in 9.5 ml of buffer A containing 0.02 M sodium
acetate and 1 mM EDTA (pH 5.5). The cells were lysed by
adding 0.5 ml of 10% (wt/vol) SDS. After 10 ml of phenol
equilibrated in 0.02 M sodium acetate (pH 5.5) was added,
the mixture was incubated for 5 min at 60°C with gentle
shaking. The solution was chilled on ice and centrifuged for
10 min at 10,000 rpm. The aqueous phase was reextracted
with phenol, and the centrifugation step was repeated. The
rRNA was precipitated by adding 2 to 3 volumes of cold
(—18°C) ethanol, centrifuged for 5 min at 5,000 rpm, and
redissolved in 5 ml of buffer A. The ethanol precipitation
step was repeated twice. Finally, the crude rRNA was
dissolved in 1x SSC. All materials and solutions were
autoclaved in a pressure cooker.

Radioactively labelled TRNAs from reference strains were
obtained from members of the Ghent research group.

Purification of rRNA fractions, fixation of single-stranded
DNA on membrane filters, chemical determination of the
amount of DNA on a filter, saturation hybridization, RNase
treatment, and measurements of the thermostabilities of the
hybrids were performed as described by Van Landschoot
and De Ley (53). Each DNA-rRNA hybrid was character-
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TABLE 2. Fatty acid compositions of the strains studied

% in“:
Faity acid O. rhinotrache-  R. anatipestifer Caprnocyto-
ale (21 strains) (5 strains) P;’;“ﬁ‘r‘a;fsf;'
13:0 iso Tr (6) 153 +48(5 2.1+1.0(5)
ECL13.566° 42+15(21) 1204(5 19%04(5)
14:0 Tr (15) ND 1.3 = 0.4 (5)
15:0 iso 574 +61(21) 522=+25(5) 67.4=x2.6(5)
15:0 anteiso Tr (7) 56=14(5 1.5=04(5
16:0 2.9 + 1.3 (21) Tr (2) 22 % 0.4 (5)
15:0is030H  8.1+1.9(21) 81=27(5 32=15(5)
ECL 16.580 1.1 = 0.5 (18) Tr (3) 1.0 = 0.3 (5)
17:0 iso 1.5 = 1.0 (19) ND Tr (3)
16:0 iso 30H ND 1.1 = 0.7 (5) ND
16:0 30H 2.8 + 1.8 (21) Tr (3) 4.6 + 1.3 (5)
17:0is0 30H 202 =50 (21) 13.9+3.4(5) 13.2+2.1(5)

“ The fatty acids for which the average amount for all three taxa was less
than 1% are not given; therefore, the sum of the percentages for each group is
not 100%. Mean + standard deviation. The numbers in parentheses are the
numbers of strains which contain the fatty acids. Tr, trace (less than 1%); ND,
not detected.

& ECL, equivalent chain length.

ized by the melting temperature of elution [7,,)], the
temperature at which 50% of the hybrid was denatured. A
homologous duplex was a duplex formed between DNA and
rRNA of the same strain; a heterologous hybrid was a duplex
formed between DNA and rRNA of different strains. The
higher the 7, of a heterologous hybrid, the more closely
the two strains were related. The 7,,, ., values from recipro-
cal hybridization experiments in which all of the strains of
each TRNA branch were used to calculate the average
linkage level between each pair of rRNA branches.

16S rRNA sequencing. rRNA was isolated and partially
purified by using a modification of the procedure of Pace et
al. (40), as previously described (41). IRNA sequences were
determined by using a modification of the standard Sanger
dideoxy chain termination technique in which primers com-
plementary to conserved regions were elongated with avian
myeloblastosis virus reverse transcriptase (29). In addition
to the standard primers (primers 2 through 5, 9, and 10 of
Eaton et al. [17]), the following two primers were used:
5'-GGGGTTGCGCTCGTTATAGGACTT-3’ (1093 reverse)
and 5'-ACTAGCGATTCCAGCTTC-3’ (1331 reverse).

Phylogenetic analysis of 16S rRNA sequence information.
The sequences were entered in the RNA program, a program
designed for analysis of 16S rRNA data and written in
Microsoft QuickBASIC for use with IBM-PC-compatible
computers, and were aligned as previously described (41).
The data base contained approximately 250 sequences de-
termined in our laboratory (B. P. and F. D.) and 200 se-
quences obtained from GenBank or from other researchers.
Similarity matrices were constructed from aligned sequences
by using only those base positions for which 90% of the
strains had data. The similarity matrices were corrected for
multiple base changes by the method of Jukes and Cantor
(24). Phylogenetic trees were constructed by the neighbor-
joining method (44).

Phenotypic tests. A number of classical phenotypic tests
and API ZYM tests were performed in three independent
laboratories. Tests for the following characteristics were
performed in the laboratory at Klinikum der Philipps-Uni-
versitdt Marburg, Marburg, Germany: motility; growth con-
dition requirements (including medium, temperature, and
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TABLE 3. DNA-DNA hybridization values for
O. rhinotracheale strains

% of DNA binding to strain®:

Strain
LMG 11556 LMG 90867 LMG 12590 LMG 10960
LMG 11556 100
LMG 90867 93 100
LMG 12590 100 100
LMG 10960 98 98 100

“ The values are the averages of the values from at least two hybridization
experiments.

atmospheric requirements); cell and colony morphology;
presence of oxidase, catalase (as described by Kilian [28]),
alkaline phosphatase, arginine dihydrolase, lysine and orni-
thine decarboxylase, B-galactosidase (o-nitrophenyl-p-D-ga-
lactopyranoside test), and urease activities (as described by
Lautrop [30]); growth on MacConkey agar, Endo agar, and
Simmons citrate medium; reduction of nitrate; production of
indole and hydrogen sulfide; hydrolysis of esculin; oxidation
of ethanol; action on D-glucose in oxidation-fermentation
medium; and acidification of wheat starch. All tests were
performed as described by Mannheim et al. (32) unless
indicated otherwise.

The following characteristics were examined in the labo-
ratory at the Department of Clinical Bacteriology, Univer-
sity of Goteborg, Goteborg, Sweden, as described by De
Vos et al. (14): cell and colony morphology; growth condi-
tion requirements (including medium, temperature, and at-
mospheric requirements); hemolysis and odor on horse
blood agar; formation of pigment on nutrient agar; growth on
Drigalski agar; motility; presence of oxidase, catalase, B-ga-
lactosidase (o-nitrophenyl-f-D-galactopyranoside test), ure-
ase, lysine and ornithine decarboxylase, and arginine dihy-
drolase activities; formation of indole; reactions in triple
sugar iron agar; reduction of nitrate and nitrite; denitrifica-
tion; action on D-glucose in oxidation-fermentation medium;
resistance to penicillin (10 pg per disc); liquefaction of
gelatin; requirement of X or V factor or porphyrin; and
growth with D-galactose, D-glucose, lactose, D-mannitol,
D-mannose, D-sorbitol, sucrose, and p-xylose as sole carbon
sources.

Tests for the following characteristics were performed
with 14 O. rhinotracheale strains (they were not performed
with strains LMG 11553, LMG 11554, LMG 11555, LMG
11556, LMG 12589, LMG 12590, and LMG 12591) in the
laboratory at the Klinik fiir Gefliigel der Tierdrztlichen
Hochschule, Hannover, Germany: motility; growth condi-
tion requirements; cell and colony morphology; presence of
oxidase (26), catalase (27), lecithinase (on lecithinase agar
[catalog no. SR47; Oxoid]), DNase (on DNase test agar
[catalog no. 10449; Merck]), and urease (30) activities;
growth on MacConkey agar (catalog no. 5465; Merck) and
Drigalski agar (catalog no. 5316; Merck); esculin hydrolysis
in esculin broth (catalog no. 3862; Merck); phenylalanine
deaminase activity and use of malonate as a carbon source in
malonate phenylalanine broth (catalog no. 5419; Merck);
nitrate reduction in nitrate broth (catalog no. 10234; Merck);
indole production in standard II nutrient broth (catalog no.
7884; Merck); B-galactosidase activity (o-nitrophenyl-B-D-
galactopyranoside test); ornithine and lysine decarboxylase
and arginine dihydrolase activities (34); gelatin hydrolysis
(19); hyaluronidase (25) and chondroitin sulfatase (46) activ-
ities; production of acetylmethylcarbinol and the methyl red
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TABLE 4. T, values for DNA-TRNA hybrids

Tyney (°C) Of hybrid with rRNA from:

Organism used for DNA isolation . Capnocytophaga ... Flavobacterium Flavobacterium Flavobacterium
g PG ocmcea MG GG et UG b NG nddgers

O. rhinotracheale LMG 9085 76.8 63.7
O. rhinotracheale TMG 9086™ 75.9 62.9 66.5 63.3 65.9 64.7
O. rhinotracheale LMG 11553 76.1
O. rhinotracheale LMG 11556 71.3
Capnocytophaga ochracea LMG 11546 61.9 75.7 61.8 63.7 62.0 62.0
Capnocytophaga sputigena LMG 11518" 74.7 68.4
Capnocytophaga gingivalis LMG 115147 70.3 66.3 61.2
R. anatipestifer LMG 110547 67.2 64.5 71.5 65.0 64.5 72.4
R. anatipestifer LMG 11602 67.5 77.6 72.6 72.6
Flavobacterium aquatile LMG 4008” 63.9 65.9 77.0 64.7 63.5
Flavobacterium breve LMG 40117 65.0 63.9 64.0 64.6 76.4 63.9
Flavobacterium indologenes LMG 83377 62.8 7.7 65.1 66.4 78.1
Flavobacterium meningosepticum LMG 122797 66.1 64.5 7.9 65.2 67.2 72.2

test (7); and acid production from carbohydrates in phenol
red broth base containing 1% carbohydrate with and without
chicken serum.

API ZYM tests were performed in all three laboratories
according to the recommendations of the manufacturer
(bioMérieux, La Balme-les-Grottes, Montalieu-Vercieu,
France).

The presence of the following enzymes or enzymatic
activities was evaluated by using experimental API galleries
(these characteristics were examined only by workers in the
Department of Clinical Bacteriology, University of Gote-
borg, Goteborg, Sweden): production of acid from glucose,
fructose, lactose, maltose, sucrose, D-glucosaminic acid
(test not performed with strains LMG 12589, LMG 12590,
LMG 12591, LMG 12599, and LMG 12600), p-saccharic acid
(test not performed with strains LMG 12589, LMG 12590,
LMG 12591, LMG 12599, and LMG 12600), dextrin, L-fu-
cose (test not performed with strains LMG 12589, LMG
12590, LMG 12591, LMG 12599, and LMG 12600) galactose,
N-acetyl-glucosamine, lactulose, mannitol, mannose, ri-
bose, sorbitol, trehalose, and xylose (test not performed
with strains LMG 12589, LMG 12590, LMG 12591, LMG
12599, and LMG 12600); penicillinase; phenylalanine deam-
inase; alanine arylamidase; gamma-glutamyl arylamidase;
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FIG. 2. Simplified rRNA cistron similarity dendrogram of part of
rRNA superfamily V.

glycine arylamidase; hydroxyproline arylamidase; lysine
arylamidase; proline arylamidase; pyroglutamic acid aryla-
midase; a-glutamyl-a-glutamic acid arylamidase; glycyl-phe-
nylalanine arylamidase; phenylalanyl-arginine arylamidase;
prolyl-arginine arylamidase; seryl-methionine arylamidase;
2-glycyl-glycyl-arginine arylamidase; alanyl-phenylalanyl-
prolyl-alanine arylamidase; hippurate hydrolysis; phospho-
lipase (test not performed with strains LMG 12589, LMG
12590, LMG 12591, LMG 12599, and LMG 12600); and
phosphodiesterase.

Carbohydrate analysis. The cellular carbohydrates of all
O. rhinotracheale strains except LMG 10958 and LMG
12590 were analyzed as described previously (3, 37). A
loopful of well-grown cells was hydrolyzed in 2 N hydro-
chloric acid at 100°C for 20 min. Lipids were removed by
hexane extraction, and the carbohydrates remaining in the
dry residue of the aqueous phase were transformed to the
corresponding peracetylated aldononitriles, peracetylated
o-methyloximes, or alditol acetates. The peracetylated sug-
ars were purified and subsequently analyzed by capillary gas
chromatography and mass spectrometry.

RESULTS

Isolation of O. rhinotracheale strains. O. rhinotracheale can
be isolated on common nonselective blood or chocolate agar
media from samples obtained from the nasal cavity and
infraorbital sinus, but large numbers of other bacteria may
mask or overgrow the pinpoint colonies. However, in birds
exhibiting pathological lesions of the lower respiratory tract,
the organism can be found in pure culture in specimens from
the trachea, lung, or airsac exudate. Inoculated plates should
be incubated for at least 48 h at 37°C under microaerobic
conditions (candle jar) or in air enriched with 10% CO,;
2-day-old colonies are circular, small (approximately 1 mm
in diameter), opaque to grayish, and butyrous.

PAGE of whole-cell proteins. Duplicate protein extracts of
several strains were prepared to check the reproducibility of
the growth conditions and the preparation of the extracts.
The level of correlation between duplicate protein patterns
was =0.95.

Figure 1 shows the results of a numerical comparison of
the protein profiles of alt of the O. rhinotracheale, Capno-
cytophaga, and R. anatipestifer strains investigated. Cluster
I contains all 21 isolates of O. rhinotracheale, which clus-
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TABLE 5. Organisms used for 16S rRNA sequence comparisons
and their culture collection numbers, nucleotide sequence
accession numbers, and references

Nucleotide
Strain® SCqUEnce  peference
accession
no.”

Omith(%bacterium rhinotracheale LMG L19156  This study

9086
Capnocytophaga canimorsus ATCC L14637 This study

359797
Capnocytophaga cynodegmi ATCC L14638  This study

490447 (= LMG 115137T)
Capnocytophaga gingivalis ATCC 336247  L14639 This study

(= LMG 11514%)
Capnocytophaga ochracea ATCC 33596 L14635 This study

(= LMG 11546)
Capnocytophaga sputigena ATCC 336127 114636  This study

(= LMG 115187)
Cytophaga aquatilis ATCC 295517 MS58764 20
Cytophaga flevensis ATCC 279447 M58767 20
Cytophaga johnsonae ATCC 170617 M59051 20
Cytophaga johnsonae DSM 425 MS59053 20
Cytophaga latercula ATCC 231777 M58769 20
Cytophaga lytica ATCC 231787 M28058 58
Cytophaga marinoflava ATCC 193267 MS58770 20
Cytophaga uliginosa ATCC 143977 M28238 58
Flavobacterium aquatile ATCC 119477 M28236 58
Flavobacterium balustinum ATCC 334877  M58771 20
Flavobacterium breve ATCC 14234 M59052 20
Flavobacterium gleum ATCC 359107 M58772 20
Flavobacterium gondwanese DSM 5423 M92278 16
Flavobacterium indologenes ATCC 298977 M58773 20
Flavobacterium indoltheticum ATCC MS8774 20

27950
Flavobacterium meningosepticum ATCC M58776 20

132537
Flavobacterium odoratum ATCC 46517 MS58777 20
Flavobacterium salegens DSM 5424 M92279 16
Flectobacillus glomeratus ATCC 43844 M58775 20
Flexibacter aurantiacus ATCC 311077 M28054 58
Flexibacter aggregans ATCC 231627 M58780 16
Flexibacter columnaris ATCC 43622 MS58781 20
Sporocytophaga cauliformis DSM 3657 M93151 20
Vesiculata antartica ATCC 49675 M61002 23
Weeksella virosa ATCC 437667 M93152 20
Weeksella zoohelcum ATCC 437677 M93153 20

¢ Abbreviations: DSM, Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH, Braunschweig, Germany; for other abbreviations, see
Table 1, footnote a.

2 16S rRNA sequences are available for electronic retrieval from the
GenBank and EMBL data bases under the accession numbers indicated.

tered together at a similarity level of more than 89%. Cluster
II conmsists of five R. anatipestifer reference strains that
clustered together at a similarity level of more than 89%.
Cluster III contains five Capnocytophaga reference strains,
which clustered together at a similarity level of more than
76%.

Fatty acid methyl ester composition. The average fatty acid
methyl ester compositions of the O. rhinotracheale, Riemer-
ella, and Capnocytophaga strains examined are shown in
Table 2. Fatty acids 15:0 iso, 15:0 iso 30H, and 17:0 iso 30H
are the predominant fatty acids in all of the strains studied.
The high percentages of 17:0 iso 30H and an unidentified
fatty acid with an equivalent chain length of 13.566 differen-
tiate O. rhinotracheale from Capnocytophaga spp. and R.
anatipestifer. The latter taxon is characterized by two addi-
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tional fatty acids, 13:0 iso and 15:0 anteiso, which are
present to much lesser extents in the other taxa. Additional
characteristics that differentiate Capnocytophaga spp. from
the other taxa are the relatively low percentage of 15:0 iso
30H and the relatively high percentage of 16:0 30H. As
shown by the small standard deviations, no significant dif-
ferences were noted among the reference strains of the five
Capnocytophaga species (data not shown).

DNA base compositions. Four O. rhinotracheale strains
(LMG 9085, LMG 9086, LMG 11553, and LMG 11556)
were selected at random to determine DNA base ratios; the
base compositions of these strains were 39, 38, 37, and 38
mol% G+C, respectively.

DNA-DNA hybridization results. Four O. rhinotracheale
strains (LMG 90867, LMG 10960, LMG 11556, and LMG
12590) were selected at random for DNA-DNA hybridization
experiments. DNA binding values greater than 93% were
obtained (Table 3).

DNA-rRNA hybridization results. The DNA-rRNA hybrid-
ization results are shown in Table 4 (all values for cross-
reactions between reference strains will be published else-
where [45]) and are presented as a simplified dendrogram
based on the T, values of the hybrids in Fig. 2. The
position of O. rhinotracheale within the Flavobacterium-
Cytophaga rRNA complex (rRNA superfamily V) is shown
in Fig. 2. The average T, values obtained from about 80
reciprocal hybridizations between strains belonging to dif-
ferent rRNA branches were used to calculate the average
linkage level between each pair of rRNA branches (Table 4)
(45). This linkage level is at an average T, of 65.1 = 1.5°C.
The detailed structure of rRNA superfamily V is discussed
elsewhere (45). The genera Capnocytophaga and Riemerella
occupy separate positions and branch off at the same base
level.

16S rRNA sequence analysis. The 16S rRNA sequences of
O. rhinotracheale LMG 9086" and five Capnocytophaga
species have been deposited in the GenBank data base and
are available for electronic retrieval under the accession
numbers shown in Table 5. The accession numbers of
additional reference organisms included in the 16S rRNA
phylogenetic analysis are also shown in Table 5.

The results of a comparison between the 16S rRNA
sequence of strain LMG 9086”7 and the sequences of 31
reference species are shown in Table 6. The matrix is based
on comparisons at 1,422 base positions for which more than
90% of the strains had data. The lower half of the matrix is
expressed as percentages of differences corrected for multi-
ple base changes by the method of Jukes and Cantor (24).
A phylogenetic tree determined from the corrected ma-
trix by using the neighbor-joining method is shown in Fig.
3. Species representing the Cyfophaga and ‘‘flavobacter”
subgroups of the ¢flavobacter-bacteroides’ phylum are
shown.

Phenotypic analysis. The results of classical phenotypic
tests and reactions in API ZYM galleries were determined
for only O. rhinotracheale strains. Similar results were
found for nearly all of the tests performed in three indepen-
dent laboratories, regardless of the method used; however, a
number of discrepancies were observed. All of the strains
exhibited urease activity if the Lautrop nonproliferative test
(30) was used, whereas only 13 of 21 strains produced urease
in Christensen medium without agar. All strains produced
oxidase activity when the method of Mannheim et al. (32)
and Kersters and De Ley (26) was used, whereas only 15 of
21 strains produced oxidase when the Pathotec system was
used and only 17 of 21 strains produced oxidase when
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TABLE 6. Similarity matrix based on 16S rRNA sequence comparisons

%

Similarity and % difference compared with®:

Orh Fme Wzo Fgl Fig Fin Fba Fbr Wvi Coc Csp Ccy Cea
Ornithobacterium rhinotracheale — 899 866 869 869 874 877 899 881 848 842 842 841
Flavobacterium meningosepticum 10.8 - 926 942 942 943 939 914 86 856 850 8.2 859
Weeksella zoohelcum 14.8 78 — 952 949 928 931 866 864 832 824 837 841
Flavobacterium gleum 14.5 6.0 5.0 -— 989 956 961 872 871 830 819 841 840
Flavobacterium indologenes 144 6.1 53 1.1 - 954 963 871 872 831 820 845 841
Flavobacterium indoltheticum 13.8 59 16 45 438 — 976 873 876 826 816 837 837
Flavobacterium balustinum 13.4 6.3 72 4.1 338 25 - 880 876 824 815 835 834
Flavobacterium breve 10.9 91 147 141 142 139 131 — 928 847 842 852 852
Weeksella virosa 13.0 112 150 142 140 136 136 7.6 — 849 837 849 8438
Capnocytophaga ochracea 170 159 190 193 191 199 200 171 168 — 964 932 926
Capnocytophaga sputigena 177 168 200 208 205 212 212 178 184 37 — 933 924
Capnocytophaga cynodegmi 177 152 184 179 174 184 186 164 169 7.1 7.1 — 986
Capnocytophaga canimorus 178 157 179 180 179 184 188 165 169 7.8 8.0 1.4 —
Capnocytophaga gingivalis 166 162 184 185 182 196 193 177 180 89 88 84 89
Cytophaga uliginosa 181 176 187 207 205 213 209 181 185 149 156 144 141
Cytophaga lytica 182 161 192 206 200 195 201 163 177 135 137 129 121
Cytophaga marinoflava 163 159 182 197 198 203 204 163 174 140 154 147 143
Cytophaga latercula 178 163 199 188 189 180 187 161 163 142 152 130 126
Flavobacterium gondwanense 167 165 199 213 210 205 205 165 178 149 160 143 139
Flavobacterium salegens 178 172 202 215 215 206 208 173 178 156 167 160 153
Flectobacillus glomeratus 174 166 187 195 193 184 182 174 168 157 161 159 148
Vesiculata antarctica 167 156 188 196 197 179 179 167 172 159 163 164 154
Flexibacter aggregans 176 157 193 195 193 193 188 181 177 156 160 152 142
Flavobacterium odoratum 159 148 187 181 180 179 168 152 145 144 151 147 146
Flavobacterium aquatile 150 154 189 186 188 171 173 148 156 132 136 124 119
Cytophaga johnsonae ATCC 170617 166 157 194 183 183 186 183 146 150 132 126 11.0 109
Flexibacter aurantiacus 168 158 196 186 185 187 183 148 153 136 129 111 110
Cytophaga flevensis A-34 164 162 183 175 175 177 171 149 158 128 126 101 100
Cytophaga aquatilis 166 162 195 186 184 184 177 149 157 134 132 116 110
Flexibacter columnaris 168 162 195 192 188 191 180 147 155 133 131 118 115
Cytophaga johnsonae DSM 425 164 159 196 194 196 183 180 144 158 129 126 118 116
Sporocytophaga cauliformis 167 162 199 193 194 184 181 144 153 132 132 119 118

“ The numbers on the upper right are uncorrected levels of similarity; the numbers on the lower left are levels of difference corrected for multiple base changes
by the method of Jukes and Cantor. Abbreviations: Orh, Ornithobacterium rhinotracheale; Fme, Flavobacterium meningosepticum; Wzo, Weeksella zoohelcum;
Fgl, Flavobacterium gleum; Fig, Flavobacterium indologenes; Fin, Flavobacterium indoltheticum; Fba, Flavobacterium balustinum; Fbr, Flavobacterium breve;
Wvi, Weeksella virosa; Coc, Capnocytophaga ochracea; Csp, Capnocytophaga sputigena; Ccy, Capnocytophaga cynodegmi; Cca, Capnocytophaga
canimorsus; Cgi, Capnocytophaga gingivalis; Cul, Cytophaga uliginosa; Cly, Cytophaga lytica; Cma, Cytophaga marinofiava; Cla, Cytophaga latercula; Gfp,
Flavobacterium gondwanense; Fsa, Flavobacterium salegens; Fgl, Flectobacillus glomeratus; Van, Vesiculata antarctica; Fag, Flexibacter aggregans; Fod,
Flavobacterium odoratum; Fagq, Flavobacterium aquatile; Cjl, Cytophaga johnsonae ATCC 170617; Fau, Flexibacter aurantiacus; Cfl, Cytophaga flevensis
A-34; Caq, Cytophaga aquatilis; Fco, Flexibacter columnaris; Cj2, Cytophaga johnsonae DSM 425; Sca, Sporocytophaga cauliformis.

Kovacs’ reagent (31) was used. Testing for arginine dihydro-
lase activity by using a heavy inoculum in Méller’s medium
yielded 19 positive reactions after 3 days of incubation at
36°C (strains LMG 10958 and LMG 11555 did not react). The
results obtained with the API ZYM galleries were reproduc-
ible only when a heavy inoculum was used. Differences in
test results among the three laboratories were found only
for the following tests which yielded strain-dependent re-
sults (although all strains exhibited at least weak activity):
esterase C4, valine arylamidase, cysteine arylamidase, tryp-
sin, and a- and B-galactosidase. Strain-dependent results
were recorded in all three laboratories for chymotrypsin
activity. The results of the remaining classical and API ZYM
tests are described below in the description of the new
taxon.

Enzymes belonging to the experimental galleries were
tested for O. rhinotracheale strains and for five Capnocy-
tophaga and R. anatipestifer reference strains (Table 1).
The following activities were present in all strains: alanine
arylamidase; glycine arylamidase; lysine arylamidase; pro-
line arylamidase; a-glutamyl-a-glutamic acid arylamidase;

glycyl-phenylalanine arylamidase; phenylalanyl-arginine
arylamidase; prolyl-arginine arylamidase; seryl-methionine
arylamidase; 2-glycyl-glycyl-arginine arylamidase; and ala-
nyl-phenylalanyl-prolyl-alanine arylamidase. The following
characteristics were negative for all strains: production of
acid from p-glucosaminic acid, p-saccharic acid, L-fucose,
mannitol, sorbitol, trehalose, and xylose; phenylalanine
deaminase activity; hippurate hydrolysis; and phospholipase
activity. All of the other test results are shown in Table 7.
When the API galleries were used, O. rhinotracheale LMG
90867 did not produce acid from glucose, fructose, maltose,
sucrose, or dextrin (Table 7), whereas acid production was
observed for the same strain in phenol red broth base
containing 1% carbohydrate with and without chicken se-
rum. The latter reaction pattern is more in agreement with
the general profile of this species (Table 7).

Carbohydrate profiles. All of the strains except LMG 9087
contained high amounts of lyxose (up to 30%). Mannose,
glucose (except LMG 11554), and galactose were always
present; altrose, sorbose, and heptoses were always absent.
Ribose was present in most strains. The detailed carbohy-
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TABLE 6—Continued
% Similarity and % difference compared with®:

Cegi Cul Cly Cma Cla Gfp Fsa Fgl Van Fag Fod Faq Cjl  Fau Cfl Caq Feo Cj2 Sca
851 839 838 854 842 850 842 845 851 843 856 864 851 850 852 851 849 853 851
855 843 855 857 853 852 846 851 859 859 865 8.1 858 857 854 854 854 857 854
836 834 831 839 826 825 823 834 833 830 834 833 829 828 837 828 829 828 825
836 819 820 827 834 814 813 828 827 829 839 835 837 835 844 835 830 829 830
838 821 824 826 833 817 813 830 827 830 840 834 838 836 844 837 834 828 829
828 815 828 822 840 821 820 837 841 830 841 847 835 835 843 837 831 838 837
830 817 824 821 835 821 818 838 841 833 850 846 838 838 847 843 840 840 839
842 839 853 854 855 852 846 844 851 840 862 8.6 8.8 8.5 8.5 8.5 8.6 8.9 869
840 836 842 845 853 842 841 849 846 842 868 859 8.4 862 857 858 860 857 862
916 865 877 873 870 865 859 859 857 859 869 879 879 876 882 878 878 882 879
917 859 874 861 862 856 850 855 854 856 863 876 884 881 884 879 879 884 879
921 869 882 866 880 870 856 857 852 862 8.6 836 897 897 905 893 890 89.1 890
916 872 8389 870 884 873 862 866 8.1 871 8.7 8.0 898 898 906 897 893 893 891

— 864 881 876 879 870 857 868 8.5 8.1 872 879 888 888 830 877 879 872 868

15.0 — 907 892 879 8384 867 875 8.8 878 8.8 875 863 8.0 873 8.9 873 873 863
13.0 100 —-— 902 924 903 894 8.1 890 893 894 897 891 8.1 891 897 895 8.5 89.0
136 116 105 — 901 895 896 878 873 873 876 895 8382 880 883 886 888 892 888
132 132 80 106 — 911 922 894 898 888 888 895 887 886 889 894 892 890 892
143 126 104 113 9.5 — 916 878 832 881 8.2 884 879 878 883 882 883 882 883
158 147 115 112 82 89 — 898 892 873 853 891 872 871 878 879 881 8380 883
145 137 11.7 133 114 133 109 - 974 937 8387 896 8388 886 884 887 885 889 887
149 146 11.8 139 109 128 116 2.7 — 932 882 896 8388 886 880 889 887 892 89.1
154 133 115 139 121 129 139 6.6 7.1 - 886 886 878 877 879 8382 830 880 874
140 145 114 136 122 152 163 122 129 124 — 902 897 894 9.0 9.0 90.2 900 89.7
132 136 110 114 113 126 117 112 112 124 105 — 939 942 945 953 954 951 951
121 151 118 128 123 132 140 121 122 133 111 6.3 - 996 964 960 959 959 964
122 1585 118 131 124 134 142 123 124 135 114 6.1 0.4 - 963 957 959 957 962
131 140 117 127 120 127 133 126 131 132 107 5.8 37 3.8 — 971 973 972 967
134 144 1111 123 114 129 132 122 120 129 107 48 4.1 4.4 3.0 - 985 977 971
132 140 113 121 1.7 127 130 125 123 131 105 438 42 42 2.8 1.5 - 984 977
140 140 113 117 119 128 131 120 1.7 131 107 5.1 4.2 4.4 29 23 1.7 — 984
145 151 119 122 11.7 127 127 123 118 137 110 5.1 3.7 39 34 3.0 24 1.7 —

drate profiles of all of the strains studied are shown in Table

DISCUSSION

In an attempt to identify a large number of veterinary
isolates, numerical comparisons of the whole-cell protein
and fatty acid contents were used as a first step in the
identification process. A total of 21 gram-negative avian
isolates had strikingly similar profiles (Fig. 1 and Table 2)
which were clearly different from the profiles of all other
organisms present in our data bases. Such very high levels of
similarity in protein and fatty acid contents for the most part
reflect very close genotypic relatedness as well (38, 50-52,
55). DNA binding studies performed with a representative
sample of these 21 isolates confirmed that all of the strains
belong to a single genospecies (DNA binding values were
greater than 93% [Table 3]). In order to establish the
phylogenetic affiliation of this taxon, we performed DNA-
rRNA hybridization experiments with four selected strains
and reference strains belonging to the six rRNA superfami-
lies sensu De Ley (49). We also determined the nearly
complete 16S TRNA sequence and compared it with about
450 sequences representing the various evolutionary lin-
eages within the Bacteria (56).

An extensive DNA-rRNA hybridization analysis revealed
the position of this taxon on a separate phylogenetic branch
within TRNA superfamily V (Fig. 2). Among other taxa, the

genera Flavobacterium, Cytophaga, Capnocytophaga, and
Riemerella are present in the same taxonomic neighborhood
(Fig. 2) (45). However, the necarest neighbors of the new
taxon are situated at a difference in T,,,,, of about 13°C (Fig.
2). Usually, the T,,, ., range within a genus is about 5°C (11).
This clearly indicates that the 21 strains belong to a very
distinct, new genus. The difference in T, of about 13°C
corresponds to the genomic range found within several
well-characterized bacterial families (49). At present, pro-
posing a name for this family seems premature as it is
generally accepted that the taxonomy of related genera, such
as Flavobacterium and Cytophaga, has to be revised thor-
oughly. A comparison of the 16S rRNA sequence of strain
LMG 9086T with other bacterial 16S rRNA sequences in our
data base confirmed the placement of this organism in the
Flavobacterium-Cytophaga rRNA cluster. It is well-known
that rRNA sequencing is more powerful than DNA-rRNA
hybridization for establishing relationships at deep phyloge-
netic levels (i.e., between families or classes) (57). A detailed
scheme of the relationships between the new organism and
its closest allies is shown in Fig. 3. Obviously, the new taxon
is most closely related to species in the ‘‘flavobacter”
subgroup of the ‘“flavobacter-bacteroides” phylum as de-
scribed by Gherna and Woese (20). It falls in the ““flavobac-
ter’> subgroup and is about equally related to the two
clusters of Flavobacterium species. Flavobacterium menin-
gosepticum and Flavobacterium breve are its nearest neigh-
bors and are related at a similarity level of 89.9%. This low
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Sporocytophaga cauliformis

FIG. 3. Phylogenetic tree for O. rhinotracheale and 31 reference species based on 16S rRNA sequence similarity values. The scale bar
represents 0 to 5% differences in nucleotide sequences as determined by measuring the lengths of the horizontal lines connecting any two

species.

similarity level again indicates that there is a large genetic
distance between the new taxon and its closest relatives.
Also from the viewpoint of direct sequencing, this genetic
distance corresponds to the genomic range within several
bacterial families (e.g., the family Cardiobacteriaceae,
whose members cluster at a similarity level of more than
93% [15]). We therefore propose a new genus, Ornithobac-
terium, and a new species, O. rhinotracheale, to accommo-
date this taxon.

Identification of O. rhinotracheale strains. Typical members
of the Flavobacterium-Cytophaga TRNA cluster are readily
identified on the basis of their flexirubin type pigments.
However, strains that produce only weak or no colonial
pigments on common isolation media must be recognized in
other ways. It has been emphasized previously that chemo-
taxonomic markers such as respiratory quinones, cellular
fatty acids, and cellular carbohydrates are valuable param-
eters for the identification of these organisms (2, 5, 6, 8, 9,
22, 35, 39, 43, 47, 48). From the viewpoint of veterinary
microbiology, it is important to differentiate O. rhinotrache-
ale from R. anatipestifer as these two taxa share the same
ecological niche and have several features in common. In
fact, several O. rhinotracheale strains were initially identi-
fied as R. anatipestifer or as R. anatipestifer-like (59).
Another member of the same rRNA cluster, the genus
Capnocytophaga, has a similar type of capnophilic metabo-
lism and shares a number of phenotypic features with O.
rhinotracheale and R. anatipestifer (see below). We there-
fore included a reference strain of each of the five Capno-
cytophaga species and five representative R. anatipestifer

strains in several phenotypic analyses in order to evaluate
the differentiation of the three genera.

All O. rhinotracheale and R. anatipestifer strains have
very similar protein contents (r > 89%) (Fig. 1). More
variability was observed in the five Capnocytophaga strains.
This variability was expected as each strain represents a
different species (Table 1 and Fig. 1). In general, a compar-
ison of the protein profiles results in clear-cut differentiation
among O. rhinotracheale, R. anatipestifer, and Capnocy-
tophaga species; each of these taxa constitutes a distinct
electrophoretic cluster (Fig. 1).

All three taxa are characterized by very high percentages
of branched-chain fatty acids (>87%). Similar data for R.
anatipestifer and Capnocytophaga species have been re-
ported previously (2, 9, 22, 39, 43, 45, 47, 48). For each
taxon, 15:0 iso accounts for more than one-half of the total
fatty acid content (Table 2). The relative amounts of 13:0 iso,
15:0 anteiso, 15:0 iso 30H, 17:0 iso 30H, and an unidentified
fatty acid with an equivalent chain length of 13.566 can easily
be used as differential features (see above). As reported
previously (47), strains of different Capnocytophaga species
have very similar fatty acid compositions (Table 2).

As is common in other members of the Flavobacterium-
Cytophaga tRNA cluster, menaquinones were the only
respiratory quinones detected (5, 8, 18, 47). O. rhinotrache-
ale LMG 11553 and LMG 11556 reportedly contain menaqui-
none 7 as their only respiratory quinones, which is similar to
the quinone composition of R. anatipestifer (18). Capnocy-
tophaga species contain menaquinone 6 and trace amounts
of menaquinone 5 (6, 47).
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TABLE 7. Differential phenotypic characteristics of the strains studied

O. rhinotracheale

s - R. anatipestifer Capnocytophaga Capnocytophaga Capnocytophaga Capnocytophaga Capnocytophaga
Characteristic Strain Zo.. @m strains (5 strains) gingivalis LMG sputigena .WZO ochracea LMG canimorsus Q:e&mwgﬁﬁgo
LMG 9086T mmw_:q_m&wmnwm 115147 11518 11546 LMG 11541 11513

Production of acid from:

Glucose =P 16/21 + + + + + +

Fructose - 18/21 (3)° - - + + - +

Lactose + 19/21 (4) — - + + + +

Maltose - 16/21 + w + + + +

Sucrose - 2/21 (1) - + + + - +

Dextrin - 14/21 (1) +4 - + + + +

Galactose + 15/16 - - + + + +

N-acetylglucosamine + 15/16 - - + + + +

Lactulose + 15/16 - - w + w +

Mannose + 20/21 + w + + + +

Ribose - 12/21 (4) - - - - - -
Penicillin G resistance - 14/21 (2) - - - - - _
Gamma-glutamyl arylamidase - 0/21 + + + - - w
Hydroxyproline arylamidase + 20/21 (4) + + + w W W
Pyroglutamic acid arylamidase + 14/21 (2) + + + + w +
Phosphodiesterase + 16/16 + - + + + +

< The number of positive strains includes the number of strains that exhibited weak activity.
® +, positive reaction; —, negative reaction; w, weak reaction.
¢ The numbers in parentheses are the numbers of strains that exhibited weak activity.

4 Strain LMG 110547 exhibited weak activity.
€ Strain LMG 11056 exhibited weak activity.
f Strain LMG 11057 exhibited weak activity.
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TABLE 8. Carbohydrate profiles of 19 O. rhinotracheale strains

Retention

Peak areas?

time
(min)

Carbohydrate®

LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG LMG
9085 9086" 9087 9088 10960 10961 10967 10968 10969 11342 11343 11553° 11554° 11555 11556° 12589 12591 12599 12600

- - - Z &=
- 3 - — = @3

10.99
11.12
11.44
11.67
1198 C;
12.09 Ribose (A)
12.18 Fucose (A)
12.23 Cs

12.80 Cq

13.29 Lyxose (A)
13.34 Rhamnose (A)
13.50 Threose (?)
13.56 Lyxose (O)
13.63 Rhamnose (O)
13.68 Fucose (O)
13.69 Arabinose (A)
13.75 Threose (O) (?)
13.91 Arabinose (O)
14.51 Cs-ol (?)
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1532 G4 (N
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16.70 Mannose (O)
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16.85 Galactose (O)
17.01 Sorbose (O)
17.14 Glucosamine
17.23 Inositol —
17.76 Cs-phenyl - - — — 3
18.11 Galactosamine —_ = = = —
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¢ Abbreviations for reaction types: A, peracetylated aldononitrile; O, peracetylated O-methyloxime; Cs and Cg, unknown carbohydrates with five and six
carbon atoms, respectively; -ol, sugar alcohol; phenyl, phenylated carbohydrate; CH;, methylated carbohydrate. When no reaction type is specified, only
acetylation was observed (with sugar alcohols, amino sugars, and similar compounds). ?, identity of carbohydrate was uncertain.

£1,0.1t00.5%; 2, 0.5 to 1.0%; 3, 1.1 to 3.0%; 4, 3.1 t0 6.0%; 5, 6.1 to 10.0%; 6, 10.1 to 20.0%; 7, 20.1 to 30.0%; 8, more than 30.0%; —, not detected. Values
in parentheses indicate that the reactions were variable (carbohydrate was not detected in all samples); at least five samples were examined for each carbohydrate.

¢ Preliminary data have been reported previously (36).

O. rhinotracheale can be further differentiated from R.
anatipestifer by the absence of catalase activity and by the
presence of B-glucosaminidase activity and a- and B-galac-
tosidase activity (R. anatipestifer strains have the opposite
reactions for these tests [42]). Additional characteristics
were determined by using experimental API galleries (Table
7). O. rhinotracheale strains do not exhibit gamma-glutamyl
arylamidase activity, and most strains produce acid from
fructose (18 of 21 strains), lactose (19 of 21 strains), galac-
tose (15 of 16 strains), and N-acetyl-glucosamine (15 of 16
strains), whereas the five reference strains of R. anatipesti-
fer have the opposite reactions. The absence of catalase
activity and the presence of oxidase activity should allow
workers to differentiate O. rhinotracheale from Capnocy-
tophaga species; Capnocytophaga sputigena, Capnocytoph-
aga gingivalis, and Capnocytophaga ochracea do not ex-

hibit catalase or oxidase activity, while Capnocytophaga
canimorsus and Capnocytophaga cynodegmi produce both
catalase and oxidase (4). Additional characteristics are
shown in Table 7.

A relatively new approach in bacterial taxonomy is the
determination of cellular carbohydrate contents (3, 37). The
presence of an unidentified Cs compound with retention
times of 11.44 and 11.98 min, the presence of a C; compound
with a retention time of 15.28 min, the presence of ribose,
the presence of large amounts of lyxose, mannose, glucose,
and galactose, and the lack of arabinose (except in strains
LMG 10969, LMG 12589, LMG 12591, and LMG 12599),
sorbose, and heptoses are general properties of organisms
belonging to TRNA superfamily V, whereas this general
carbohydrate pattern has not been observed in members of
the other rRNA superfamilies investigated so far (21).
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3-Deoxy-D-mannooctulosonic acid was not observed. This
could have been because of the derivatization technique
used, which was not optimal for this compound, or because
there was a proportionally low level of 3-deoxy-D-man-
nooctulosonic acid present. The differences determined for
the hexosamines glucosamine, galactosamine, and man-
nosamine are of minor taxonomic importance.

Description of Ornithobacterium gen. nov. Ornithobacte-
rium (Or.ni.tho.bac.te'ri.um. Gr. n. ornis, bird; Gr. neut. n.
bakterion, rod; N. L. neut. n. Ornithobacterium, bird bac-
terium, because the organism was first isolated from birds).
Ornithobacterium cells are gram-negative, nonmotile, non-
sporulating, short, plump rods with chemoorganotrophic,
mesophilic metabolism. Ornithobacterium strains grow un-
der various atmospheric conditions at temperatures between
30 and 42°C. Colonies are not pigmented on common growth
media. Menaquinone 7 is the sole respiratory quinone. The
branched fatty acids 15:0 iso, 15:0 iso 30H, and 17:0 iso
30H are the major fatty acid components. The DNA base
composition ranges from 37 to 39 mol% G+C. The type
species is O. rhinotracheale sp. nov.

Description of Ornithobacterium rhinotracheale sp. nov.
Ornithobacterium rhinotracheale (rhi.no.tra.che.a'le. Gr. n.
ris nose, nostril; medical term frachea, windpipe; L. neut.
adj. suff. -ale, pertaining to; N. L. neut. adj. rhinotracheale,
relating to nostrils and windpipes, because the organism was
first isolated from specimens obtained from windpipes and
nostrils). O. rhinotracheale cells are 0.2 to 0.9 pm wide and
1 to 3 pm long. Most strains grow aerobically, microaerobi-
cally, anaerobically, and in a CO,-enriched atmosphere.
Growth occurs at 30, 35, and 42°C. Weak or no growth
occurs at 24°C. After storage for 6 weeks at 6 to 8°C, blood
agar cultures can be subcultured on blood agar. Colonial
adherence, spreading, and corrosion do not occur. No
hemolysis occurs on horse blood agar. Smooth, nonpig-
mented colonies develop after 2 days of incubation on rich
peptone, peptone-blood, or chocolate agar at 36°C. Oxidase
activity is present in most strains; catalase activity is absent.
No growth occurs on MacConkey agar, Endo agar, Drigalski
agar, or Simmons citrate medium. No growth factors are
required. Alkaline phosphatase and B-galactosidase (o-nitro-
phenyl-B-D-galactopyranoside test) are present. Nitrates are
not reduced; some strains reduce nitrites, but no denitrifica-
tion occurs. Arginine dihydrolase is present in most strains if
the strains are grown in Méller medium (Difco) after 3 days
of incubation at 36°C. Lysine and ornithine decarboxylase,
phenylalanine deaminase, lecithinase, DNase, and gelati-
nase activities are absent. Urease activity as determined by
Lautrop’s nonproliferative test (30) is present. Indole is not
produced. Hydrogen sulfide is not detected in Kligler’s agar,
triple sugar iron agar, or SIM agar. Esculin is not hydro-
lyzed. Acetylmethylcarbinol is produced in the Voges-
Proskauer test. Methyl red test negative. Hyaluronidase and
chondroitin sulfatase activities are present. Ethanol is not
oxidized. D-Glucose in oxidation-fermentation medium is
weakly and slowly oxidized or not detected. Wheat starch is
acidified by most strains. Most strains use D-galactose,
D-glucose, D-mannose, lactose, and sucrose as carbon
sources. D-Xylose, D-mannitol, D-sorbitol, and malonate are
not used by most strains as carbon sources. In general,
carbohydrates are catabolized better in media supplemented
with 2% chicken serum. Wheat starch is acidified by most
strains within 1 to 5 days if cultures are incubated at 36°C.

The following enzyme activities are always present: alka-
line and acid phosphatase, ester lipase C8, leucine arylami-
dase, phosphoamidase, a-glucosidase, B-glucosaminidase,
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phosphodiesterase, alanine arylamidase, glycine arylami-
dase, lysine arylamidase, proline arylamidase, a-glutamyl-o-
glutamic acid arylamidase, glycyl-phenylalanine arylami-
dase, phenylalanyl-arginine arylamidase, prolyl-arginine
arylamidase, seryl-methionine arylamidase, 2-glycyl-glycyl-
arginine arylamidase, and alanyl-phenylalanyl-prolyl-alanine
arylamidase. All strains exhibit strong or weak «- and
B-galactosidase, esterase C4, valine and cysteine arylami-
dase, and trypsin activities. The following enzyme activities
are always absent: B-glucuronidase, B-glucosidase, a-man-
nosidase, a-fucosidase, lipase C14, phenylalanine deami-
nase, hippurate hydrolysis, gamma-glutamy! arylamidase,
and phospholipase. No acid is produced from bD-glu-
cosaminic acid, D-saccharic acid, L-fucose, D-mannitol,
D-sorbitol, trehalose, and D-xylose.

The additional fatty acids present in small quantities in all
strains include two unidentified fatty acids with equivalent
chain lengths of 13.566 and 16.580, 16:0, 17:0 iso, and 16:0
30H.

Lyxose, ribose, glucose, galactose, and mannose are the
principal carbohydrate components, while altrose, sorbose,
and heptose do not occur.

Strains have been isolated from respiratory tracts of
turkeys, chickens, rooks, and a partridge, and most strains
have been associated with infections such as tracheitis,
pericarditis, sinusitis, airsacculitis, and pneumonia. At
present, our knowledge with regard to pathogenicity in birds
is incomplete. Our clinical observations and the results of
diagnostic work (unpublished data) indicate with a high level
of probability that O. rhinotracheale is able to produce a
contagious disease. However, it is not yet clear whether
cofactors are involved in pathogenesis.

The DNA base composition ranges from 37 to 39 mol%
G+C. The type strain is LMG 9086 (= MCCM 01774 =
CCUG 23171), which was isolated from a turkey in the
United Kingdom. Its G+C content is 38 mol%.

All O. rhinotracheale strains have been deposited in the
Culture Collection of the Laboratorium voor Microbiologie
and the Culture Collection of the University of Goteborg
Department of Clinical Bacteriology.

ACKNOWLEDGMENTS

We thank Urbain Torck and Dirk Dewettinck for excellent
technical assistance. We are especially grateful to T. O. MacAdoo,
Department of Foreign Languages, Virginia Polytechnic Institute
and State University, Blacksburg, for his expert advice in naming
Ornithobacterium rhinotracheale.

We thank all depositors of strains listed in Table 1. P.V. is
indebted to the National Fund for Scientific Research (Belgium) for
a position as a postdoctoral research fellow. K.K. is indebted to the
Fund for Medical Scientific Research, Belgium, for research and
personnel grants. Part of this research was performed within the
framework of CEC BRIDGE project BIOT-CT91-0294.

REFERENCES

1. Aiba, H., S. Adhya, and B. de Crombrugghe. 1981. Evidence for
two functional gal promoters in intact Escherichia coli cells. J.
Biol. Chem. 256:11905-11910.

2. Bangun, A., and D. N. Tripathy. 1986. Taxonomy of Pasteurella
anatipestifer. 11. Cellular fatty-acid profile by gas chromatogra-
phy. Avian Dis. 31:46-51.

3. Bohning, A., K. Steinbach, and R. Mutters. 1989. Rapid identi-
fication of Haemophilus influenzae serovar b by gas-liquid
chromatography using carbohydrate fingerprints. Zentralbl.
Bakteriol. Hyg. A 272:19-29.

4. Brenner, D. J., D. G. Hollis, G. R. Fanning, and R. E. Weaver.
1989. Capnocytophaga canimorsus sp. nov. (formerly CDC



36

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
. Holt, S. C., G. Forcier, and B. J. Takacs. 1979. Fatty acid

VANDAMME ET AL.

group DF-2), a cause of septicemia following dog bite, and C.
cynodegmi sp. nov., a cause of localized wound infection
following dog bite. J. Clin. Microbiol. 27:231-235.

. Callies, E., and W. Mannheim. 1978. Classification of the

Flavobacterium-Cytophaga complex on the basis of respiratory
quinones and fumarate respiration. Int. J. Syst. Bacteriol.
28:14-19.

. Collins, M. D., H. N. Shah, A. S. McKee, and R. M. Kroppen-

stedt. 1982. Chemotaxonomy of the genus Capnocytophaga. J.
Appl. Bacteriol. 52:409-415.

. Cowan, S. T. 1974, Cowan and Steel’s manual for the identifi-

cation of medical bacteria, 2nd ed., p. 166-180. Cambridge
University Press, London.

. Dees, S. B., G. M. Carlone, D. Hollis, and C. W, Moss. 1985.

Chemical and phenotypic characteristics of Flavobacterium
thalpophilum compared with those of other Flavobacterium and
Sphingobacterium species. Int. J. Syst. Bacteriol. 35:16-22.

. Dees, S. B., D. E. Karr, D. Hollis, and C. W. Moss. 1982.

Cellular fatty acids of Capnocytophaga species. J. Clin. Micro-
biol. 16:779-783.

De Ley, J. 1970. Reexamination of the association between
melting point, buoyant density, and chemical base composition
of deoxyribonucleic acid. J. Bacteriol. 101:738-754.

De Ley, J. 1991. The Proteobacteria: ribosomal RNA cistron
similarities and bacterial taxonomy, p. 2111-2140. In A. Ba-
lows, H. G. Triper, M. Dworkin, W. Harder, and K.-H.
Schieifer (ed.), The prokaryotes, 2nd ed., vol. 2. Springer-
Verlag, Berlin.

De Ley, J., H. Cattoir, and A. Reynaerts. 1970. The quantitative
measurement of DNA hybridization from renaturation rates.
Eur. J. Biochem. 12:133-142.

De Ley, J., and J. De Smedt. 1975. Improvements on the
membrane filter method for DNA:rRNA hybridization. Antonie
van Leeuwenhoek J. Microbiol. Serol. 41:287-307.

De Vs, P., K. Kersters, E. Falsen, B. Pot, M. Gillis, P. Segers,
and J. De Ley. 1985. Comamonas Davis and Park 1962 gen.
nov., nom. rev. emend., and Comamonas terrigena Hugh 1962
sp. nov., nom. rev. Int. J. Syst. Bacteriol. 35:443-453.
Dewhirst, F. E., B. J. Paster, S. La Fontaine, and J. I. Rood.
1990. Transfer of Kingella indologenes (Snell and Lapage 1976)
to the genus Sutfonella gen. nov. as Suttonella indologenes
comb. nov.; transfer of Bacteroides nodosus (Beveridge 1941)
to the genus Dichelobacter gen. nov. as Dichelobacter nodosus
comb. nov.; and assignment of the genera Cardiobacterium,
Dichelobacter, and Suttonella to Cardiobacteriaceae fam. nov.
in the gamma division of Proteobacteria on the basis of 16S
rRNA sequence comparisons. Int. J. Syst. Bacteriol. 40:426—
433.

Dobson, S. J., R. R. Colwell, T. A. McMeekin, and P. D.
Franzmann. 1993. Direct sequencing of the polymerase chain
reaction-amplified 16S rRNA gene of Flavobacterium gondwa-
nense sp. nov. and Flavobacterium salegens sp. nov., two new
species from a hypersaline antarctic lake. Int. J. Syst. Bacteriol.
43:77-83.

Eaton, K. A., F. E. Dewhirst, M. J. Radin, J. G. Fox, B. J.
Paster, S. Krakowka, and D. R. Morgan. 1993. Helicobacter
acinonyx sp. nov., isolated from cheetahs with gastritis. Int. J.
Syst. Bacteriol. 43:99-106.

Engelhard, E. 1992. Unterzuchungen zur Chemotaxonomie der
Familie Pasteurellaceae anhand von Kapillargaschromatogra-
phie zelluldrer Kolenhydrate, Hochdruckfliissigkeitschromatog-
raphie und Diinnschichtchromatographie zelluldrer Lipoide,
verschiedener Hydrolasen und Infrarot-Massenspektroskopie.
Ph. D. thesis. Philipps-Universitit Marburg, Marburg, Ger-
many.

Frazier, W. C. 1926. A method for the detection of changes in
gelatin due to bacteria. J. Infect. Dis. 39:302-309.

Gherna, R., and C. R. Woese. 1992. A partial phylogenetic
analysis of the ‘“flavobacter-bacteroides” phylum: basis for
taxonomic restructuring. Syst. Appl. Microbiol. 15:513-521.
Grebe, M., et al. Unpublished data.

composition of gliding bacteria: oral isolates of Capnocytoph-

23.

25.

26.

27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

INT. J. SYST. BACTERIOL.

aga compared with Sporocytophaga. Infect. Immun. 26:298-
304.

Ingens, R., I. Suzuki, and J. T. Staley. 1989. Gas vacuolate
bacteria obtained from marine waters of Antarctica. Curr.
Microbiol. 18:261-265.

. Jukes, T. H., and C. R. Cantor. 1969. Evolution of protein

molecules, p. 21-132. In H. N. Munro (ed.), Mammalian protein
metabolism, vol. 3. Academic Press, Inc., New York.

Kaffka, A. 1957. Erfahrungen mit einfachen Untersuchungs-
methoden zum Nachweis von Hyaluronidase, Fibrinolysin und
Phosphatase bei Staphylokokken. Zentralbl. Bakteriol. Para-
sitenkd. Infektionskr. Hyg. Abt. 1 Orig. 178:381-385.
Kersters, K., and J. De Ley. 1971. Enzymatic test with resting
cells and cell-free extracts. Methods Microbiol. 6A:33-52.
Kersters, K., K.-H. Hinz, A. Hertle, P. Segers, A. Lievens, O.
Siegmann, and J. De Ley. 1984. Bordetella avium sp. nov.,
isolated from the respiratory tracts of turkeys and other birds.
Int. J. Syst. Bacteriol. 34:56-70.

Kilian, M. 1976. A taxonomic study of the genus Haemophilus.
J. Gen. Microbiol. 93:9-62.

Lane, D. J., B. Pace, G. J. Olsen, D. A. Stahl, M. L. Sogin, and
N. R. Pace. 1985. Rapid determination of 16S ribosomal RNA
sequences for phylogenetic analyses. Proc. Natl. Acad. Sci.
USA 82:6955-6959.

Lautrop, H. 1960. Laboratory diagnosis of whooping cough or
Bordetella infections. Bull. W. H. O. 23:15-31.

MacFaddin, J. F. 1980. Biochemical tests for the identification
of medical bacteria, 2nd ed. The Williams & Wilkins Co.,
Baltimore.

Mannheim, W., S. Pohl, and R. Holléinder. 1980. Die Systematik
von Actinobacillus, Haemophilus und Pasteurella: Basen-
zusammensetzung der DNS, Atmungschinone und kulturell-
biochemische Eigenschaften reprisentativer Sammlungss-
tdimme. Zentralbl. Bakteriol. Parasitenkd. Infektionskr. Hyg.
Abt. 1 Orig. Reihe A 246:512-540.

Marmur, J., and P. Doty. 1962. Determination of the base
composition of deoxyribonucleic acid from its thermal denatur-
ation temperature. J. Mol. Biol. 5:109-118.

Moller, V. 1955. Simplified tests for some amino acid decarbox-
ylases and for the arginine dihydrolase system. Acta Pathol.
Microbiol. Scand. 36:158-172.

Mouahid, M. 1992. Chemotaxonomy of the avian Pasteurel-
laceae and related organisms with special reference to the
characterization of species on the basis of cellular carbohydrate
profiles. Ph. D. thesis. Rabat, Morocco.

Mouahid, M., E. Engelhard, M. Grebe, R. M. Kroppenstedt, R.
Mutters, and W. Mannheim. Characterization of nonpigmented
members of the Flavobacterium/Cytophaga complex parasitiz-
ing in mammals and birds. In P. J. Jooste (ed.), Proceedings of
the 2nd International Symposium on Flavobacterium-Cytoph-
aga and related bacteria, in press.

Mutters, R. 1991. Capillary gas chromatography of cellular
carbohydrates as a means for the differentiation of fastidious,
slow-growing or anaerobic Gram-negative bacteria—a review.
Zentralbl. Bakteriol. Hyg. A 275:451-466.

Owen, R. J., and P. J. H. Jackman. 1982. The similarities
between Pseudomonas paucimobilis and allied bacteria derived
from analysis of deoxyribonucleic acids and electrophoretic
protein patterns. J. Gen. Microbiol. 128:2945-2954.

Oyaizu, H., and K. Komagata. 1981. Chemotaxonomic and
phenotypic characterization of the strains of species in the
Flavobacterium-Cytophaga complex. J. Gen. Appl. Microbiol.
27:57-107. .

Pace, B., E. A. Matthews, K. D. Johnson, C. R. Cantor, and
N. R. Pace. 1982. Conserved 5S rRNA complement to tRNA is
not required for protein synthesis. Proc. Natl. Acad. Sci. USA
79:36-40. )

Paster, B. J., and F. E. Dewhirst. 1988. Phylogeny of campylo-
bacters, wolinellas, Bacteroides gracilis, and Bacteroides ure-
olyticus by 16S ribosomal ribonucleic acid sequencing. Int. J.
Syst. Bacteriol. 38:56-62.

Piechulla, K., S. Pohl, and W. Mannheim. 1986. Phenotypic and
genetic relationships of so-called Moraxella (Pasteurella)



VoL. 44, 1994

43.

44.

45.

46.

47.

48.

49.

50.

51.

anatipestifer to the Flavobacterium/Cytophaga group. Vet.
Microbiol. 11:261-270.

Poen, E., M. Aufderheide, H. Dickmann, and R. M. Kroppenst-
edt. 1984. Taxonomical studies on filamentous bacteria from
sewage belonging to the Flavobacterium-Cytophaga complex.
Arch. Microbiol. 137:295-301.

Saitou, N., and M. Nei. 1987. The neighbor-joining method: a
new method for reconstructing phylogenetic trees. Mol. Biol.
Evol. 4:406-425.

Segers, P., W. Mannheim, M. Vancanneyt, K. De Brandt, K.-H.
Hinz, K. Kersters, and P. Vandamme. Riemerella anatipestifer
gen. nov., comb. nov., the causative agent of septicemia anse-
rum exsudativa and its phylogenetic affiliation within the Fla-
vobacterium-Cytophaga TRNA homology group. Int. J. Syst.
Bacteriol., in press.

Smith, R. F., and N. P. Willet. 1968. Rapid plate method for
screening hyaluronidase and chondroitin sulfatase producing
microorganisms. Appl. Microbiol. 16:1434-1436.

Speck, H., R. M. Kroppenstedt, and W. Mannheim. 1987.
Genomic relationships and species differentiation in the genus
Capnocytophaga. Zentralbl. Bakteriol. Parasitenkd. Infektion-
skr. Hyg. Abt. 1 Orig. Reihe A 266:390—402.

Sugimoto, C., E. Miyagawa, M. Nakazawa, K, Mitani, and Y.
Isayama. 1983. Cellular fatty acid composition comparisons of
Haemophilus equigenitalis and Moraxella species. Int. J. Syst.
Bacteriol. 33:181-187.

Vandamme, P., and J. De Ley. 1991. Proposal for a new family,
Campylobacteraceae. Int. J. Syst. Bacteriol. 41:451-455.
Vandamme, P., E. Falsen, B. Pot, B. Hoste, K. Kersters, and J.
De Ley. 1989. Identification of EF group 22 campylobacters
from gastroenteritis cases as Campylobacter concisus. J. Clin.
Microbiol. 27:1775-1781.

Vandamme, P., B. Pot, E. Falsen, K. Kersters, and J. De Ley.
1990. Intra- and interspecific relationships of veterinary campy-
lobacters revealed by numerical analysis of electrophoretic

52.

53.

54.

55.

56.

57.

58.

59.

ORNITHOBACTERIUM RHINOTRACHEALE GEN. NOV., SP. NOV. 37

protein profiles and DNA:DNA hybridizations. Syst. Appl.
Microbiol. 13:295-303.

Vandamme, P., M. Vancanneyt, B. Pot, L. Mels, B. Hoste, D.
Dewettinck, L. Vlaes, C. Van Den Borre, R. Higgins, J. Hommez,
K. Kersters, J.-P. Butzler, and H. Goossens. 1992. Polyphasic
taxonomic study of the emended genus Arcobacter with Arco-
bacter butzleri comb. nov. and Arcobacter skirrowii sp. nov., an
aerotolant bacterium isolated from veterinary specimens. Int. J.
Syst. Bacteriol. 42:344-356.

Van Landschoot, A., and J. De Ley. 1983. Intra- and intergeneric
similarities of the rRNA cistrons of Alteromonas, Marinomonas
(gen. nov.) and some other Gram-negative bacteria. J. Gen.
Microbiol. 129:3057-3074.

Vauterin, L., J. Swings, and K. Kersters. 1991. Grouping of
Xanthomonas campestris pathovars by SDS-PAGE of proteins.
J. Gen. Microbiol. 137:1677-1687.

Vauterin, L., P. Yang, B. Hoste, M. Vancanneyt, E. L. Civerolo,
J. Swings, and K. Kersters. 1991. Differentiation of Xanthomo-
nas campestris pv. citri strains by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of proteins, fatty acid anal-
ysis, and DNA-DNA hybridization. Int. J. Syst. Bacteriol.
41:535-542.

Winker, S., and C. R. Woese. 1991. A definition of the domains
Archaea, Bacteria and Eucarya in terms of small subunit
ribosomal RNA characteristics. Syst. Appl. Microbiol. 14:305-
310.

Woese, C. R. 1987. Bacterial evolution. Microbiol. Rev. 51:221-
271.

Woese, C. R., D. Yang, L. Mandelco, and K. O. Stetter. 1990.
The flexibacter-flavobacter connection. Syst. Appl. Microbiol.
13:161-165.

Wyffels, R., and J. Hommez. 1990. Pasteurella anatipestifer
isolated from respiratory lesions in partridges kept in captivity
(Perdix perdix). Vlaams Diergeneeskd. Tijdschr. 59:105-106.





