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Objective: To subject ten clinical isolates grouped together based on their biochemical and microbiological profile t o  
further investigations aimed at correct species identification. 

Methods: The 16s rRNA gene was partially sequenced using nested amplification. Whole cell protein analysis (SDS- 
PAGE) and cluster analysis were performed on the 10 strains and also for comparison on 31 reference strains. The API 
Coryne biochemical kit as well as API 20 Strep were used for analysis of the phenotypic diversity of the strains by 
use of computerized numerical identification procedures. Antibiolic susceptibility testing was performed using a 
standardized disk diffusion test. 

Results: The 265-556-bp-long 16s rRNA gene sequences of all 10 strains showed highest similarity to Rothia 
dentocariosa. Three strains showed complete identity between the sequences obtained and the sequence of the type 
strain of Rothia dentocariosa 16s rRNA gene (M59055), and the other seven ranged between 99.7% and 98.3% similarity. 
Detailed analysis of the sequences revealed a clustering of the strains into two groups. One group consisted of four 
isolates with the highest degrees of similarity with the reference strain (type I), while the members of another group 
(type II) showed differences in their nucleotide sequence at four distinct positions in the variable V7 region. T was 
replaced by C at position 597, C by T at position 608, T by C at position 610, and G by A at position 684 (position numbers 
according to  reference sequence M59055, EMBL/GenBank). Whole cell protein analysis (SDS-PAGE) and cluster analysis 
also segregated the 10 Rothia dentocariosa strains into two different clusters, with one cluster containing all four strains 
belonging to  16s rRNA gene type I, and a second cluster containing all six strains belonging to  16s rRNA gene type II. 

Conclusions: Partial sequence data of the 16s rRNA gene as well as whole cell protein analysis showed a subdivision 
of the Rothia species into two groups, genomovar I (Rothia dentoceriosa sensu stricto) and genomovar 11, a possible 
new Rothia species. 
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INTRODUCTION 

Rotlzia dentocariosa is an opportunistic pathogen which 
has been found to cause septicemia and endocarditis 
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[l-91 as well as other infections [lo-141. This species 
is a normal inhabitant of the oral cavity and the 
pharynx. In the present study we have identified 
10 strains submitted to a reference laboratory for 
speciation as R. dentocariosa. Three of the patients 
yielding R. dentocariosa isolates were diagnosed as cases 
of endocarditis. 

Many bacterial isolates from immunocompromised 
patients represent opportunistic microorganisms which 
may be difficult to speciate using routine procedures 
[15-191. At the same time, many of these infections 
constitute life-threatening conditions which must be 
treated adequately. R. dentocariosa represents one such 
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microorganism which sometimes might be overlooked 
by the microbiology laboratory. It is not even included 
in the species list for API Coryne [17]. We have 
therefore reviewed the possibilities for species identi- 
fication of R. dentocariosa in the clinical bacteriology 
laboratory and offer a computer program for nunierical 
identification, IDBact (Web page: “http//www.kue/ 
labmed/clirn/main.htm”, see instructions under. “Get 
a free copy . . .”), using the results of API Coryne. We 
have also found evidence for a subdivision of the species 
R. dentocariosa into two homogeneous groups by both 
16s rRNA gene sequencing and whole cell protein 
analysis. 

MATERIALS AND METHODS 

Bacterial strains 
The Culture Collection, University of Gothenburg 
(CCUG), Sweden, accepts isolates from clinical labora- 
tories in Scandinavia and elsewhere for identification 
and characterization. Biochemical and microbiological 
profiles of the strains yield a direct species identification 
or a categorization to a tentative EF group (EF, Enevold 
Falsen, curator of the collection). From one such 
tentative group, EF-41, 10 strains of pleoniorphic 
Grain-positive rods obtained from various clinical speci- 
mens were included in the present study. The strains 
were sent to CCUG for speciation from clinical 
niicrobiolog laboratories in Sweden over a period 
of several years. Since the collection included strains 
sent from the present laboratory (Karolinska Institute/ 
Hospital), we chose this tentative group for a more 
detailed collaborative analysis including 16s rRNA 
gene sequencing. 

The 10 strains are listed in Table 1,  with their 
CCUG identification number, age and sex of the 
patient, type of specimen yielding the culture isolate, 
and information about relevant diseases. It  was not 
possible to trace treatment regimens satisfactorily. 

When the results of the 16s rKNA gene 
sequencing as described in this paper provided a 
direct species identification, we included the reference 
strain of R. dentocariosa, ATCC 17931 (NCTC 10917, 
CCUG No. 35437), in the study. This strain originates 
from a human caries lesion and was originally isolated 
by Genevi6ve D. Koth. The 16s rKNA gene of the 
strain was sequenced in 1990 by U. Yang and C.K. 
Woese, and the 1476-bp-long sequence is available in 
the EMBL/Ge&ank databases under accession number 
M59055. 

Twenty-eight strains of representative Armnobur- 
terium, Actinomyces, and Stoinatococctrs nzcrcila~inostis from 
the CCUG collection, as well as three additional R. 
dentocariosa strains, were included in whole cell protein 
analysis (SDS-PAGE) (Figure 1). The strains were 
selected because of their close phenetic and phylo- 
genetic relationship with R. dentocariosa as determined 
in preliminary experiments using a wide range of 
bacterial strains fi-om CCUG representing different 
species of Gram-positive bacteria. 

Microbiological culture media 
The CCUG group 41 strains were cultured on McLeod 
(hemin plates) or on 5%) horse blood Columbia agar 
in a CO2 atmosphere and on blood agar plates 
anaerobically for 24-48 h. Stoniutucoccus m~ti lqi t iosm 
was grown for 24 h in a CO1-containing atmosphere 
on 5% horse blood Columbia agar. Actinornyces (except 
Actonornyces israelii) strains were grown for 24-48 h in 
CO2 on 5% horse blood Columbia agar. Actinornyces 
israelii was cultured anaerobically for 48-36 h on 59’1 
horse blood Columbia agar. Aliquots of subcultures 
were suspended in a special freeze broth contained in 
small plastic tubes and stored at -80°C. 

For antibiotic susceptibility testing using the disk 
diffusion method (standardization according to SRGA 
[20,21 I ) ,  strains were inoculated onto Isosensitest 
agar (Oxoid AB, Sjoangsvagen 7. 192 72 Sollentuna, 

Table 1 Clinical isolates of Grain-positive pleomorphic  strains included in  thc  xudy  

1 30072 41 M Blood Alcohol abuse, brain contusion, fever, epiglottitis 
2 33906 NI.‘ NI.’ Bucca NI.‘ 
3 32449 42 F Pharynx Hcart ti-ansplantatioii 
4 285% 30 M Blood, valve Intravcnous drug abuse, prosthetic iiiitral valve, eiidoc,ii-d~tis. died 
S ,31754 5<J M BlO<,d Heart transplant. aortic valve failure, endocarditic with peripheral embollsni 
h 374hi 63 M Blood Chronic gloinerulonephritis, uremia, septic peripheral embolisni 
7 33543 50 F Blood Adrenal cortical cancer, iiiiinunoaupprcssed 
X 17833 N1” NIa CSF” NI“ 
9 35343 43 M Mitsal valve Mitral valvc prol’ipw, biopsy-verified eiidocasditis 

1 0  2S088 3.5 F Peritoneal dialycis Diabetcq. nephropathy, peritoneal dialysis, then hcmodialysis, fever 

,I NI, no further information available. Cerebrospinal fluid. 
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Actinomyces gfaemllztf CCUG 27294' 
Actlnobeculum schaallI CCUG 27420' 
Actlnompis hordeovolnens CCUG 32937T 
Actmomyms howdlif CCUG 32757T 
Acthomyaes isWi1 CCUG 18307T 
Actinomyms gerencsedae CCUG 32936' 

Sweden) containing 5% horse blood, and the anti- 
biotic disks applied to the surface. After preincubation 
for 30 min at room temperature, the Petri dishes were 
incubated at  37°C overnight. 

Biochemical test profile 
The identification kits API 20 Strep and API Coryne 
(BioMtrieux SA, Lyon, France, purchased from Triolab 
AB, Bcix 2109, S-431 02 Molndal, Sweden) were tested 

- Roihia dentocanma I CCUG 27698 
Rothfa dentocanma I CCUG 35437T 

Figure 1 Dendrogram derived from unweighted pair-group average linkage of correlation coefficients (expressed for 
convenience as percentages) for whole cell protein patterns of the strains examined. The nucleotide sequence data reported 
in this paper for genotype I1 of Rothia dentocuriosa as represented by strain CCUG 25688 w d  appear in the EMBL, GenBank 
and DDBJ Nucleotide Sequence Databases under the accession number Y 12925. 

e 

Stomatococcus mucihgmnasus CCUG 20499 
Slomatococcus mucflaginosus CCUG 35912 
Stomatococcus mucihgfnosus CCUG 20962' 
Rothia dentocanosa I1 CCUG 30754 
Rothfa dentocanosa I1 CCUG 31 109 

Rothla dentocanosa 11 CCUG 27465 
Rothia dentocanosa /I CCUG 33543 
Rothia dentocanosa 11 CCUG 17835 
Rothia dentocanosa 11 CCUG 35343 



2 5 8  Clinical Microbio logy and Infection, Volume 4 N u m b e r  5 

regarding their suitability for testing the 10 Gram- 
positive bacterial strains. Neither of these two identi- 
fication schemes included R. dentocariosa. API Coryne 
is primarily designed for Gram-positive rods. 

Antibiotic susceptibility testing 
The antibiotic susceptibilities of the 10 strains were 
determined using the disk diffusion method according 
to Swedish standardization (Swedish Reference Group 
for Antibiotics, SKG, Swedish Medical Association 
121 1) with interpretation adjusted for species groups 
[21-251. The strains were inoculated onto Isosensitest 
agar containing 5% horse blood. Antibiotic disks were 
placed on the surface, followed by preincubation a t  
room temperature for 30 min and then by overnight 
incubation a t  37 "C. Inhibition zone diameter values 
were read by a pair of calipers in millimeters with one 
decimal. Interpretation of susceptibility followed zone 
diameter breakpoints given for coryneform bacteria 
according to SRGA. 

Antibiotic disks were purchased from Oxoid Ltd 
(Oxoid AB, 192 72 Sollentuna, Sweden). The follo\v- 
ing antibiotics were included: penicillin G (disk content 
10 pg), penicillin V (1 0 pg), ampicillin (1 0 pg), piper- 
acillin (30 pg), cefuroxinie (30 pg), cefotaxime (30 pg), 
imipenem (1 0 pg), gentamicin (30 pg), tetracycline 
(30 pg), erythromycin (15 pg), clindamycin (15 pg), 
chloramphenicol (30 pg), rifarnpicin (5 pg), vanco- 
niycin (30 pg), and ciprofloxacin (1 0 pg). 

Whole cell protein analysis (SDS-PAGE) 
Organisms were grown under optimal conditions and 
harvested as early stationary-phase cultures. Time, 
atmosphere and medium for culture are specified 
above. The preparation of cellular protein extracts 
(ultrasound treatment of all Gram-positive organisms), 
polyacrylamide gel electrophoresis (PAGE), densito- 
metric analysis, normalization and interpolation of 
the protein profiles, and a numerical analysis, were 
performed as described by Pot et a1 I261 by using the 
Hoefer SE 600 vertical slab gel unit, Pharmacia-LKB 
UltroScan XL (Pharmacia-LKl3, Uppsala, Sweden) and 

the GelCompar 3.0 software package (Applied Maths, 
Kortrijk, Belgium). The levels of similarity between 
pairs of traces were expressed by the Pearson product 
moment correlation coefficient converted for con- 
venience to a percentage value. 

DNA preparation from bacterial strains 
Bacterial strains were cultured aerobically and anaero- 
bically on blood agar base for 2 days at 37°C. The 
bacteria were harvested and suspended in a special 
deep freeze broth (Nutrient Broth No. 2, Oxoid 
CM67, 850/;1, and glycerol, 15%, v/v) and frozen at  
-70°C. Aliquots (25 pL) of the bacterial suspension 
were diluted with an equdl volume of distilled watei- 
and then boiled for 1 0  inin in a heating block at 100°C. 
Five microliters of these lysed bacterial cells was used 
as the template in the first PCR amplification. 

16s rRNA gene sequencing 
Using the Perkin-Elmer GeneAnip PCR system 2400, 
a nested PCK amplification was performed consisting 
of 2 x 30 cycles with denaturation at 96°C for 13 s (for 
2 min in each first cycle) with annealing at 60°C when 
using the first pair of primers (Ul-U8, Table 2) and at 
65°C when using the second pair of primers (U2-U8, 
Table 2) for 30 s and with extension at 72°C for 
1.5 min (for 5 min in each la5t cycle). 

The reaction mixture (50 pL) contained Tris 10 
mM pH 8..5, KCI 50 mM, MgCI? 2 n M ,  Txveen-20 
0.1%, 10 pinol of each outer primer (Ul-U8) or 
5 pmol of each internal primer (U2-U8) and 1.5 U Tdq 
polymerase. One niicroliter of aniplified material froni 
the first set of 30 cycles was used as template in the 
second amplificatioii step. Five microliters of the 
amplified product froni the second step was controlled 
for presence of DNA by running on a 1% agarose gel 
containing ethidiuin bromide and then viewing under 
UV light. 

Primer pairs for the nested P C R  amplification 
were as follows. For the primary amplification between 
universal regions U1 and U8, the forward U1 primer 
593 I1 1271 was used together with the biotinylated 

Table 2 Primers used for PCR amplification and partial sequencing of the 16s r K N A  gene 

Prinicr 16s region Nuclrotidc sequencea Application 

593 I1 u1 5'-GTTTCATCCT<;G(:T(:AC;C;AYl~~CG-3' I'CR 
61 1 U', .~'-USP"-C,CRIACTYCTACGGKKGC;CAGC-~' K I <  
021 b UX j'-ni,tin-RSPh-SSTAC:(;(;ITA(:C:TTGTTAC 1Y:R 
US"" S'-FIT[:-C:GTTC;T~CGACGGC~A~;-~ ' Sequencing 
KSP" S ' -FITC-CACAGG~CAGCTAT(;AC(:-~ '  Sequencing 

% Y  =C/T. D=A/G/T,  R=A/G, S=(:/G, FITC=fluorescein isothiocyanate. 
"USP and KSP are the niicleotide scquenccs of the universal and reverse sequencnig handles, which ai-e one and four nucleotides shorter, 
respectively, than the commercially available sequencing primer US€' and reverse sequencing primer KSI'. 
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reversed US primer 621b [28]. In the second round, 
the amplification was performed between the universal 
regions U2 and U8 using the forward U2 primer 61 1 
and the same reversed U8 primer as above, 621b (Table 

The biotinylated P C R  products (40 pL) were 
bound to streptavidin-coated magnetic beads (Dyna- 
beads M280-Streptavidin, Dynal AS, Norway). Single- 
stranded DNA for sequencing was obtained following 
the procedures given by the manufacturer (Dynal AS). 

The sequencing reaction was performed in a 
microtiter plate on a water-bath using the AutoRead 
Sequencing Kit from Pharmacia Biotech (Sollentuna, 
Sweden) according to the instructions of the manu- 
facturer. This kit utilizes the M13 universal primer, 
which is fluorescein tagged in the 5’ end. This labeled 
primer is then extended by T7 DNA polymerase in 
four different reaction wells containing the four different 
dideoxynucleotides. The four reaction products are 
then analyzed by electrophoresis in an ALF DNA 
Sequencer (Pharmacia Biotech) on polyacrylamide gel. 

2). 

Computer support for DNA sequence analysis 
For searches in DNA sequence databases, multiple 
sequence analysis and other computer operations on 
sequences, the Wisconsin Sequence Analysis Package 
was used (GCG version 8, Unix, Genetics Computer 
Group, Inc., Madison, Wisconsin, USA). 

Sequences for 16s rRNA genes were retrieved 
for R. dentocariosa, accession number M59055 (EMBL/ 
GenBank), 1476 bp, and for the closely related Stomato-  
coccus niucilaginosur, accession number X87758 (EMBL/ 
GenBank), 1467 bp. The sequence for the 16s rRNA 
gene of Escherichia coli was used to position the 
nucleotides showing variations in the corresponding 
gene of R. dentocariosa [29]. 

RESULTS 

Species identification using 16s rRNA gene sequencing 
When partial 16s rRNA gene sequences obtained from 
the 10 strains were compared with sequence databases 
using the Fasta (GCG) or the Blast programs, all 
sequences showed the highest similarity with the 16.5 
rl<NA gene from R. dentocariosa (Table 3). Strains 
CCUG 32449 (strain no. 3,  407 bp), CCUG 30072 
(strain no. 1, 315 bp), and CCUG 33996 (strain no. 2, 
265 bp) showed complete identity (100%) with R. 
di~ntocariosa when compared with the complete E W L  
nucleotide database. The second-ranking identity for 
the longest sequence (CCUG 32449, 407bp) was 
Stomatococcus mucilaginosus, with an identity level of 
96.3%. Similarity levels then went down to around 94% 
for other species and then leveled off. The results 

Table 3 Partial 16s rRNA gene sequences of Rothia 
dentocariosa strains from CCUG compared with the type 
strain sequence of R. dentocariosa, ATCC 17931 

CCUG Length of Sequence R. derrroceriosa 
No. number sequence identity (%) subspecies 

30072 
33996 
32449 
28595 
30754 
27465 
33543 
17835 

315 bp 
265 bp 
407 bp 
296 bp 
508 bp 
322 bp 
368 bp 
456 bu 

100 
100 
100 
99.7 
98.4 
99.7 
98.6 
98.5 

I 
I 
I 
I 
I1 
11 
I1 
I1 

9 35343 515 bp 98.3 11 
10 ,25688 556 bp 99.1 I1 

showed that the three isolates belonged to the species 
R. dent,ocariosa. 

When CCUG 25688 sequence results (strain no. 
10, 556 bp) were similarly compared with the EMBL 
nucleotide database, the highest similarity level was 
also noted for the small-subunit rRNA gene of R. 
dentocariosa, at 99.1%, and with the second species in 
rank, also Stomatococcus mucilaginosus, at 97.1%. The six 
other strains in the group all showed a highest similarity 
with R. dentocariosa, with Stomatococcus mucilaginosus as 
the second closest for most sequences. Also for these 
strains the results indicated that they belonged to the 
species R. dentocariosa. 

Definition of two species groups within Rorhia 
dentocariosa 
Similarity levels for the 10 strains when compared 
with the R. dentocariosa type strain sequence (M59055) 
reached the expected 100% agreement for only three 
strains (Table 3) .  

Whlen the sequences were further studied for 
discrepancies at  the nucleotide level, the 10 CCUG 
strains could be divided into two distinct groups. One 
group consisted of four isolates with the highest degrees 
of similarity with the reference strain (Tables 3 and 4). 
There was an overall agreement in sequence between 
these two strains. The other group, however, showed a 
consistent pattern in their nucleotide sequences at  four 
distinct positions in the variable V7 region, different 
from thl: reference sequence (Tables 3 and 4). T was 
replaced. by C at  position 597, C by T at position 
608, T by C at position 610, and G by A at position 
684 (position numbers according to R. dentocariosa 
reference sequence M59055, EMBL/GenBank) (Table 
4). The results obtained showed a clear separation of 
genomovar I strains consisting of regular R. dentocariosa 
strains from a majority of similar strains with a 
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Table 4 Genetic polymorphism in the V7 region of the 16s rRNA gene of Rorhia dentocariosa 

Type V7 sequence, nr-nr 

5’-TGGGGCTTAACCCTG C-3’(612) ... j’-G-3’(681) 
5’-CGGGGCTTAACTCCG G-3’(612). . .5’-A-3’(684) 

R.  deiitorariosa strains 

I 
I1 
Ediwid2io d i  5’-CCGGGCTCAAC CTGGG-3’(2145)..5’-G-3’ 

1, 2, 3, 4 (Table 3) 
5, 6, 7, ti ,  9, 10 (Table 3) 

Thc sequences shown range from position 597 to 612 in the V7 region with changes in positions 597, 608 and 610, and also in position 
684 with a base switch as shown for the two genetic types. Sequence positions refer to the 16s rRNA gene numberlng of the Rothin 
deirtacuriosa type strain ATCC 17931 (acc. no. M59055). The corresponding nucleotide positions in the Esrlirrichia roli gene are 2130, 2141, 
2113, and 2217 (acc. no. JO1695) and are therefore located within the variable V7 region o f the  small ribosomal subunit. The Yequences are 
aligned for maximal fit, creating a gap in each sequence located at the same position for the Rothra dewfornriosa strains as indicated. 

different 16s rRNA gene sequence, genoniovar 11. 
The differences in as many as four positions in the V7 
part of the gene indicate that these six strains belong to 
a new species within the genus Roth iu .  

Whole cell protein analysis (SDS-PAGE) and cluster 
analysis 
When the 10 K .  dewtocariosa strains, as well as 31 other 
representatives of various related species, including 
three additional R. dentocariosa strains, were subjected 
to whole cell protein analysis followed by numerical 
cluster analysis, the strains showed some interesting 
patterns (Figure 1). The R. dentocariosa strains segre- 
gated into two different clusters with a similarity 
between the two groups of less than 60% (-56%). In 
the first cluster, all four strains belonging to 16s rRNA 
genomovar I were found (Figure 1; Table 3). These 
strains represent the true R. dentocariosa species. In the 
second cluster, all six strains belonging to 16s rKNA 
genomovar I1 were found (Figure 1; Table 3). It is 
therefore quite clear that the segregation into two 
genetic groups by 16s rRNA gene sequencing (Table 
4) is in agreement with that obtained from whole cell 
protein profile analysis, an independent method of 
strain characterization. The levels of differences seen 
with protein profiling are of such a magnitude as to 
suggest the existence of two different species among 
isolates presently identified as R. dentocariosa. 

Microbiological characterization and biochemical profile 
The 10 R. dentocuriosa isolates grew on McLeod plates 
in a CO- atmosphere to form grayish colonies, appear- 
ing wet and with a pearly to whitish look, in 1-2 days. 
O n  5% horse blood Columbia agar in a COZ atmo- 
sphere the colonies were gray to translucent, often 
growing down into the agar with a dry appearance and 
creating a slight indentation in the agar surface. 

The 10 strains identified as R. dentocariosa by 16s 
rRNA gene sequencing as shown above were tested 
using the API Coryne commercial identification kit. 
Eight of the strains gave the API code 7050125, one 
strain 7050121 (no. 3) and another one 6010121 (no. 

9). The catalase test was negative for these two latter 
strains, and this was confirmed in separate catalase tests. 
As to the reading of the results, the pyrazinamidase 
reaction was weak but definitely positive. 

When results of API Coryne for the 10 strains were 
analyzed in IIlBact using the API Coryne Plus matrix, 
the profiles 7050125 and 7050121 gave correct identi- 
fication of R. dentocariosa, with identification scores of 
0.999. The second choice was Corynebacterinm kirtschari, 
but with identification scores below 0.0003 and 
0.00002, respectively. For the third API Coryne result, 
6010121, the identification was correctly R. dentocariosa, 
but with an identification score of 0.897 and with 
Arcanobacterium haenzolyticunz as the second choice, with 
an identification score of 0.082, a 10-fold difference 
in probability. Using the IDBact program and the 
extended API Coryne Plus matrix, it is therefore 
possible to correctly identify clinical isolates of R. 
dentocariosa. The two catalase-negative strains belonged 
to 16s rRNA gene types I and 11, respectively, and thir 
feature therefore does not correlate with genetic type. 

The 10 strains of R. dentocariosa were also tested 
using the API 20 Strep biocheniical identification kit. 
All strains yielded an API code of 514OOlO. According 
to the API identification system, this code is rejected 
as ‘identification not valid’. The very same code is 
obtained for Stomatococc~s muc i lq inosus  strains 11 51. 

Antibiotic susceptibility of Rorhia denrocariosa strains 
The 10 strains of R. dentocariosa were tested in disk 
diffusion experiments for susceptibility to penicillin G, 
penicillin V, ampicdin, piperacillin, cefuroxime, cefo- 
taxime, imipenem, gentaniicin, tetracycline, erythro- 
mycin, clindamycin, chloramphenicol, rifampicin, 
vancomycin, and ciprofloxacin. All strains showed 
inhibition zones around the different antibiotic disks 
with diameter values consistent with a biologically 
homogeneous population of strains. For all antibiotics 
and strains tested, the inhibition zones were in the 
range of the susceptible (S), using species-related 
breakpoints [25,30] for Gram-positive aerobic cocci 
other than Staphylococcus and Enterococcus 1211. The 
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mean zone diameter values were as follows: penicillin 
G 51 mm, penicillin V 52 mm, ampicillin 50 mm, 
piperacillin 45 mm, cefuroxime 47 mm, cefotaxime 
47 mm, imipenem 49 mm, gentamicin 31 mm, tetra- 
cycline 35 mm, erythromycin 43 mm, clindamycin 
31 mm, chloramphenicol 39 mm, rifampicin 41 mm, 
vancomycin 26 mm, and ciprofloxacin 28 mrn. 

Patient information 
A summary of the clinical findings in the patients 
yielding the R. dentocariosa isolates is given in Table 1. 
The age of the patients ranged from 30 to 63 years; 
there were three females and five males. No clinical data 
were available for two of the cases. The specimens were 
mostly blood samples (five), but there was one pharynx, 
one peritoneal dialysate fluid and one mitral valve 
sample. Patient no. 4 with a positive R. dentocariosa 
culture from blood also gave a positive culture from a 
heart valve a t  autopsy. Three of the strains were isolated 
from patients with endocarditis, all male. One of these 
patients died but the other two, aged 43 and 59, 
recovered with antibiotic therapy. Exact records of the 
drugs given were not available. 

DISCUSSION 

The use of 16s rRNA gene sequencing for speciation 
of a group of 10 bacterial isolates was expected to 
provide a straightforward identification as part of our 
routine procedures. However, when the sequence results 
of the 10 strains were analyzed in detail, they revealed 
a division of the species R. dentocariosa into two separate 
groups, genomovar I, regular R. dentocariosa, and 
genomovar I1 (Tables 3 and 4). Moreover, when the 
protein profiles of the 10 strains were compared, a 
similar segregation into two groups was obtained 
(Figure 1). The two methods are independent of each 
other in terms of study parameters, one method 
revealing sequence differences at  the gene level for 
ribosomal RNA,  and the other revealing minor or 
major differences in proteins coded for by many 
different genes. Such a concordance between two 
completely independent methods of identifjring two 
different groups of R. dentocariosa species suggests 
fundamental differences between these two groups. It 
has also been shown in several studies that the results 
of whole-organism protein electrophoresis analysis cor- 
relate well with those of DNA-DNA hybridization 
experiments, i.e. strains with very similar whole cell 
protein patterns share high DNA-DNA hybridization 
values [31,32]. 

Most reports and descriptions of R. dentocariosa 
suggest the presence of a well-defined and homo- 
geneous bacterial species [17,33-421. In an early 

description from 1975 [36] there were four biotypes 
described as well as two serotypes of R. dentocariosa. 
There were no indications, however, that these different 
phenotypes would reflect any basic differences on a 
subspecies level. Another extensive numerical taxo- 
nomic study of 222 strains, including seven strains of 
R. denfocariosa, indicated some heterogeneity [42], but 
the division into two types was rather arbitrary and 
more based on at what level a segregation is recognized. 
In a recent article by Sutcliffe et a1 [43] the application 
of pyrollysis mass spectrometry to 18 strains identified 
as R. dentocariosa revealed a heterogeneity, with three 
strains definitely outside the species and the remaining 
ones segregating into two groups with an additional 
strain as an outsider. This is a clear indication of species 
heterogeneity. More compelling evidence for a sub- 
division of R. dentocariosa into more than one species 
was provided by Fotos et a1 using protein profile 
analysis [44]. They identified one group including the 
R .  denlocariosa reference strain, another one showing 
different biochemical, serotype and protein profile 
results and a third group comprising a small and slightly 
heterogeneous collection. Their group 2 might very 
well correspond to our proposed new Roth ia  species, 
genomovar 11, a possibility which will be explored in 
the future. 

The proposition of this paper following the results 
dividing R. dentocariosa strains into two separate groups 
is to suggest genomovar I R. dentocariosa sensu stricto, and 
genomovar 11, a new Roth ia  species. The basis for 
definition of a new species has to include complete 
16s rRNA gene sequences as well as more extensive 
biochemical and microbiological tests. It might also 
require DNA-DNA hybridization experiments, since 
16s rRNA gene sequencing has been questioned as a 
reliable basis for discrimination between closely related 
species [45]. Degrees of 16s rRNA gene similarity 
between species vary. Among streptococci, for example, 
established and recognized species show levels of 
similariiies between different species as high as 99.3%, 
99.1%, 98.8% and 98.7% [46]. The differences seen 
between the two types of R. dentocariosa might there- 
fore very well be in agreement with the presence of two 
different species, where the present genomovar I would 
correspond to the established species R .  dentocariosa, 
and genomovar I1 could represent a new Roth ia  species 
closely related to R. dentocariosa as well as to Stomato- 
coccus m,ucilaginosus. 

The DNA base differences detected between R. 
dentocariosa genomovars I and I1 reside in the V7 region 
which codes for a variable region of the rRNA 
molecuile. The three-dimensional structure of the 
ribosome is primarily determined by the R N A  
sequences of the subunits and then stabilized by 



262 Clinical  M i c r o b i o l o g y  a n d  Infec t ion ,  V o l u m e  4 N u m b e r  5 

ribosomal proteins. The loop structures of rKNA are 
rather well conserved. Although the present variations 
between two groups of R. dentocariosa strains were 
found in a variable region, it is of interest to note that 
the three changes in positions 597, 608 and 610 (Table 
4) do not change the number of loop interactions as 
compared to the structure seen in the reference rRNA 
structure of Esrherichia coli, with five strong bonds and 
one weak nucleotide interaction in the loop. 

R .  derzfocariora has been described since 1979 as a 
rare cause of endocarditis and also of other serious 
infections 11-1 41. I t  might therefore be considered 
rather surprising that strains of this species were not 
identified in individual laboratories, including our 
own, but sent to a reference laboratory for speciation. 
I t  is even more surprising that neither C C U C  nor 
two other reference laboratories in other countries 
(personal communications) succeeded in directly identi- 
f;jing strains belonging to this group to the proper 
species level. All these events are thereEore clear 
indications that the awareness o fR .  dentocariosa or other 
Rothia species as human pathogens is quite low among 
clinical microbiologists. One additional indication of 
this is the fact that API Coryne does not include R .  
derrtocariosa in the identification matrix. 
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