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Taxonomic studies were performed on eight strains of a-haemolytic
streptococci that showed very low DNA-DNA hybridization similarity values
with all established members of the mitis group of the genus Streptococcus.
These strains were isolated from the tooth surface and pharynx of humans.
16S rRNA gene sequence analysis showed that these strains belonged to the
mitis group, but that they fell into two new branches. DNA-DNA hybridization
demonstrated two new similarity groups. From the results of the present
study, the names Streptococcus peroris sp. nov. and Streptococcus infantis sp.
nov. are proposed for these new groups. The type strains are 0-66" (= GTC 848"
= JCM 10158") and 0-122T (= GTC 849" = JCM 10157"), respectively.

Kanagawa 211, Japan

Keywords: o-haemolytic streptococci, the mitis group, S. peroris, S. infantis, 16S
rRNA, DNA-DNA hybridization

INTRODUCTION

In the past decade, some species or species groups of
the genus Streptococcus, such as the enterococci,
lactococci, anaerobic streptococci and nutritionally
variant streptococci, have been transferred to other
genera (Collins & Wallbanks, 1992; Ezaki et al., 1994;
Kawamura et al., 1995a; Kilpper-Balz & Schleifer,
1988 ; Schleifer & Kilpper-Balz, 1984 ; Schleifer et al.,
1985). At the same time, several new members of the
genus Streptococcus have been proposed (Devriese et
al., 1988, 1997; Eldar et al., 1994; Kilian et al., 1989;
Osawa et al., 1995; Robinson et al., 1988 ; Skaar et al.,
1994; Vandamme et al., 1996; Whiley et al., 1988,
1990; Whiley & Hardie, 1988; Williams & Collins,
1990). Presently, 42 species and four subspecies are
recognized as members of the genus Streptococcus. o-
Haemolytic streptococci, especially the members of the
mitis group (Bentley et al., 1991; Kawamura et al.,
1995b) have been considered difficult to classify and
identify. In a previous DNA-DNA hybridization
study, we confirmed the difficulty in identifying

The DDBJ accession numbers for the 16S rRNA sequences of S. peroris,
S. infantis and S. cristatus are AB008314, AB008315 and AB008313, respect-
ively.

members of the mitis group by biochemical methods;
many strains identified biochemically as Streptococcus
mitis, Streptococcus oralis or Streptococcus sanguinis
(formerly Streptococcus sanguis) (Triiper & de’ Clari,
1997) remained unconfirmed by DNA-DNA hy-
bridization (Ezaki et al., 1988). This difficulty in
identification was due to a lack of reliable, accumu-
lated biochemical traits. Furthermore, we believe that
some previously undescribed taxa that should be
classified as new species or subspecies were present
among the clinical isolates that had been identified as
members of the mitis group. Unfortunately, members
of the mitis group are genetically closely related to
each other, and it is very difficult to differentiate
between them even by genetic methods; some members
of the mitis group share more than 99 % 16S rRNA
gene sequence similarity and show 40-60% DNA-
DNA homology (Kawamura et al., 1995b).

During the present taxonomic study of the mitis group,
we have found that some clinical strains showing very
low DNA-DNA homology to all members of the mitis
group formed two separate groups. We have deter-
mined the phylogenetic position and biochemical traits
of these strains, and we propose two new species,
Streptococcus peroris and Streptococcus infantis.
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Table 1. DNA-DNA hybridization similarity values

Each value represents the mean of two experiments. We used 31 and 41 °C for optimal and stringent hybridization conditions, respectively.
The hybridization solution contained 50 % formamide, which decreased the hybridization temperature by approximately 30 °C (Meinkoth

& Wahl, 1984).

Species/group Strain Percentage DNA similarities with biotin-labelled DNA from:
0-667 0-105 0-122T 0-134
Optimal Stringent Optimal Stringent Optimal Stringent Optimal Stringent

Similarity group I

0-66T 100-0 100-0 83-4 751 39-5 31-4 50-5 320

0-91 961 94-5 98-8 99-3 352 24-4 61-6 23-0

0-105 83-7 753 100-0 100-0 38-8 37-8 49-5 282
Similarity group II

0-92 39-8 30-3 537 30-4 77-6 754 76-8 817

0-101 479 41-0 506 29-6 811 753 90-4 887

0-103 57-8 52-0 619 40-8 73:6 769 73-8 71-1

0-122T 437 377 42-3 412 100-0 100-0 763 733

0O-134 552 352 536 344 80-5 75-8 100-0 100-0
S. mitis GTC 495T (NCTC 122617T) 20-4 86 286 117 18-8 106 13-8 14-5
S. oralis GTC 276T (NCTC 11427T) 19-8 11-5 323 14-8 239 116 179 18-8
S. pneumoniae  GTC 261T (NCTC 74657) 215 136 279 222 265 152 217 171
S. gordonii GTC 4977 (ATCC 10558T) 73 52 13-1 92 75 64 83 60
S. cristatus GTC 631T (ATCC 12479T) 166 135 17-4 12-8 135 7-4 17:0 7-8
S. sanguinis GTC 217T (ATCC 10556T) 87 4-9 137 7-5 85 43 7-6 55
S. parasanguinis GTC 498T (ATCC 15912T) 11-0 84 219 12-8 162 112 12-4 13-0
S. salivarius GTC 215T (ATCC 7073T) 15-0 11-7 16-5 10-6 10-5 61 14-7 7-8
S. bovis GTC 235T (NCFB 597T) 66 5-4 80 5-8 49 36 77 33

METHODS GTC 217" (= ATCC 10556"), Streptococcus parasanguinis

Strains and cultivation. Strains used in this study were
virtually all isolated from human (3-month- to 3-year-old
children from Tokyo) clinical sources between 1990 and
1991: 0-66" [GTC 848" = JCM 10158"], pharynx, Kawasaki
disease (KD); O-91, pharynx, KD; O-105, tooth surface,
acute pharyngitis (group I); 0O-92, pharynx, KD; O-101,
tooth surface, KD; O-103, pharynx, bronchiostenosis
(group II). Strains O-122" [GTC 849" = JCM 10157"] and
0-134 (group II) were isolated from the pharynx of a healthy
Japanese child in 1990 (location unknown) and from the
human pharynx (KD status, date and location unknown),
respectively (Ohkuni et al., 1993). These strains were grown
on Columbia blood (5% defibrinated sheep blood) agar
plates (CBA; bioMérieux) at 37 °C under aerobic con-
ditions.

Microplate DNA-DNA hybridization. Quantitative micro-
plate DNA-DNA hybridization was carried out as described
previously (Ezaki et al., 1989). Hybridization experiments
were carried out at 31 °C (optimal conditions) and 41 °C
(stringent conditions) using 2 x SSC and 50 % formamide.
The optimal temperature was 55 °C lower than the thermal
denaturation temperature; because formamide lowered the
hybridization temperature (Meinkoth & Wahl, 1984).

The type strains used for DNA-DNA hybridization were as
follows: Streptococcus mitis GTC 495" (= NCTC 122617),
Streptococcus oralis GTC 276" (= NCTC 11427"), Strepto-
coccus pneumoniae GTC 261" (= NCTC 7465"), Strepto-
coccus gordonii GTC 497" (= ATCC 10558"), Streptococcus
cristatus [formerly Streptococcus crista (Triper & de’ Clari,
1997)] GTC 631" (= NCTC 12479"), Streptococcus sanguinis

[formerly Streptococcus parasanguis (Triiper & de’ Clari,
1997)] GTC 498" (= ATCC 15912"), Streptococcus bovis
GTC 235" (= NCFB 597", and Streptococcus salivarius
GTC 215" (= ATCC 7073").

Mol% G+ C content of DNA. The mol% G+ C content of
the DNA was determined by HPLC as described previously
(Ezaki et al., 1990). Briefly, 10 pl purified DNA (1 mg ml™)
was heat-denatured, and after cooling the DNA solution,
10 pl Nuclease P1 solution (2 U ml™) was added and
incubated at 50 °C for 1 h. Then 10 pl alkaline phosphatase
solution (24 U ml™) was added and allowed to incubate at
37 °C for 30 min. The digested DNA solution was analysed
by HPLC using a packed column (Wakosil 5C18; Wako).
The G+ C content was calculated based on the Escherichia
coli K-12 strain DNA as a standard (51-12 mol % G+ C).

16S rRNA gene sequence and analysis. The 16S rRNA genes
were amplified by PCR as previously described (Ezaki ef al.,
1994). The sequence was determined using an automatic
sequencer (ALF-express) with an auto-load sequencing kit
(both from Pharmacia Biotech). The sequence from
positions 45-1380 (E. coli numbering) of each 16S rRNA
was determined.

The sequences of the other members of the genus Strep-
tococcus used for alignment and for calculating the hom-
ology levels were obtained from the DDBJ, GenBank and
EMBL databases. The cLusTAL w software originally
described by Thompson et al. (1994) was used to align the
sequences, and the phylogenetic distance was calculated
using the neighbour-joining method. The phylogenetic tree
was drawn using TREEVIEW software.
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Biochemical traits. The biochemical traits were determined
with Rapid ID32 Strep (bioMérieux) and STREPTOGRAM
(Wako) (Kawamura et al., 1995¢) according to the manu-
facturers’ recommendations. We confirmed the hydrolytic
ability of arginine in Moeller-decarboxylase medium con-
taining 1% D-arginine. We also determined aesculin hy-
drolysis in a heart infusion broth containing 0-1 % aesculin
and 0-05 % ferric citrate. After inoculation into these media,
cultures were observed continuously for 1 week.

RESULTS
Colony morphology

All strains of group I formed pin-point colonies (less
than 0-1 mm in diameter) on CBA-plates at 37 °C
under aerobic conditions after 1 d incubation. After
3 d incubation, they made ‘middle size’ colonies
(approximately 0-3—0-8 mm in diameter). The strains
of group II also formed small colonies after 1d
incubation. However, they grew more rapidly than the
strains of group I, and they made colonies 0-3—0-8 mm
in diameter after 2 d incubation. All strains of groups
I and II showed a-haemolysis on CBA plates.

DNA-DNA hybridization

The DNA-DNA hybridization similarity values
obtained under optimal (31 °C) and stringent (41 °C)
conditions are shown in Table 1. Three strains of
group I showed more than 83 and 75% similarity
under optimal and stringent conditions, respectively.
Similarly, five strains of group II showed more than
71% similarity under both optimal and stringent
conditions. These two new groups showed less than
33 % similarity to all established members of the mitis
group as well as to other a-haemolytic streptococci (S.
salivarius and S. bovis). These data clearly demon-
strated that these two new groups were genetically
independent taxa.

16S rRNA analysis

Before we performed the phylogenetic analysis of
groups I and II, we determined the 16S rRNA sequence
and phylogenetic position of the type strain of S.
cristatus, as this species had previously been designated
as S. sanguinis and was strongly suspected of belonging
to the mitis group. As expected, the branching root of
S. cristatus was located within the mitis group cluster,
and the highest level of sequence homology to S.
cristatus was exhibited by S. sanguinis (97-1 %).

The sequences from positions 45 to 1380 (E. coli
numbering) of the 16S rRNAs of strains O-66" and O-
122" were determined. We also determined the partial
sequences of the 16S rRNA gene (about 500 bp from
the 5" end, which includes V1, V2 and V3 areas) from
six other strains. The three strains of group I shared
complete sequence homology within this 500 bp re-
gion. The five strains of group II shared almost
identical sequences with each other. Each of these
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Fig. 1. Phylogenetic positions of two new similarity groups and
S. cristatus among selected members of the genus
Streptococcus. Distances were calculated by the neighbour-
joining method. The numbers at the branching points are
bootstrap values. Lactococcus lactis was used as the outgroup.
16S rRNA sequence accession numbers; 'S. peroris’, AB008314;
'S. infantis’, AB008315; S. mitis, D38482; S. oralis, X58308; S.
pneumoniae, X58312; S. gordonii, D38483; S. cristatus,
ABO008313; S. sanguinis, X53653; S. parasanguinis, X53652;
S. anginosus, X58309; S. constellatus, X58310; S. intermedius,
X58311; S. salivarius, X58320; S. thermophilus, X68418;
S. vestibularis, X58321; S. bovis, M58835; S. alactolyticus, X58319;
S. equinus, X58318; S. mutans, X58303; S. macacae, X58302;
S. dysgalactiae, X59030; L. lactis, M58837.

latter strains possessed only 1-4 different bases from
the O-122" sequence.

We investigated the phylogenetic position of represen-
tative strains of each group (strains O-66" and O-
122%). The phylogenetic analysis demonstrated that
the branching roots of the two new groups were
located within the mitis group, as shown in Fig. 1.
Group I was clustered with S. gordonii. Group II was
clustered with the S. mitis—S. oralis—S. pneumoniae
branch.

The highest levels of sequence homology, and therefore
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Table 2. Levels of 16S rRNA sequence homology among
the strains of two new similarity groups and other
members of the genus Streptococcus

Group Strain/species Percentage homology
with:
0-66 0-1227
0-66" 100-0
0-122* 97-2 100-0
Mitis S. mitis 97-2 98-4
S. oralis 969 98-3
S. pneumoniae 971 98-3
S. gordonii 969 972
S. cristatus 96-4 96-8
S. sanguinis 96-4 97-5
S. parasanguinis 96-1 96-8
Anginosus S. anginosus 94-4 93-8
S. constellatus 94-6 950
S. intermedius 950 94-6
Salivarius S. salivarius 963 954
S. thermophilus 956 94-8
S. vestibularis 959 951
Bovis S. bovis 959 950
S. alactolyticus 952 957
S. equinus 959 950
Mutans S. mutans 932 929
S. macacae 911 90-3
Pyogenic S. pyogenes 94-2 94-1
S. dysgalactiae 932 94-5

the closest relationships, were found to be between
group I, group II and S. mitis (Table 2).

Biochemical characteristics

Biochemical traits were determined using two different
commercially available kits (Rapid ID32 Strep and
STREPTOGRAM). The biochemical reaction
patterns are shown in Table 3. All strains of group I
gave a positive reaction for acidification of lactose,
maltose and sucrose, and production of f-D-galac-
tosidase (only from the substrate p-nitrophenyl f-D-
galactopyranoside) and alanine-phenylalanine-pro-
line-arylamidase (APPA). All strains gave a negative
reaction for arginine and aesculin hydrolysis with both
commercial kits and the conventional tests. Only one
strain gave a positive reaction for alkaline phospha-
tase. All strains of group II gave a positive reaction for
acidification of lactose, maltose, sucrose and tagatose,
and production of f-p-galactosidase (from both p-
nitrophenyl f-pD-galactopyranoside and 2-naphthyl f-
D-galactopyranoside substrates), APPA and glycine-
tryptophan arylamidase. All strains of group II gave a
negative reaction for arginine and aesculin hydrolysis
with both commercial kits and the conventional tests.
Only one strain gave a positive reaction for acidifi-
cation of inulin and pullulan. Three strains gave a

positive reaction for the production of f-p-fucosidase
and N-acetyl-f-D-glucosaminidase. Only one strain
gave a weak reaction for pyrrolidonyl arylamidase.

Rapid ID32 Strep kit profile numbers for O-66" and
O-122" were 44012001100 and 40016641120, respect-
ively.

G+ C content of DNA

The DNA G + C contents of strains O-66" and O-1227
were 39-8 +0-1 and 40-1 £0-1 mol %, respectively. The
DNA G+C contents of groups I and II were
39-8-40-5mol% (mean = 40-0 mol%) and 39:9-
40-4 mol % (mean = 40-1 mol %), respectively.

DISCUSSION

From the DNA-DNA hybridization results, the
strains of groups I and II formed completely separate
groups, showing more than 75 % DNA similarity with
their respective representative strains (O-66" and O-
1227) even under stringent conditions. In contrast, less
than 30 % DNA similarity was obtained with the seven
type strains of currently recognized members of the
mitis group. The genomic similarity values showed
that groups I and II were closely related to each other,
since they shared 40-60 % DNA similarity (Table 1).
However they shared only 97-2% 16S rRNA gene
sequence homology. This value was lower than that
obtained for group II with S. mitis, S. oralis, S.
pneumoniae or S. sanguinis (Table 2). Furthermore, the
phylogenetic tree showed that the branching roots of
groups I and II were slightly separated and were
clustered with the S. gordonii and S. mitis—S. oralis—S.
pneumoniae branches, respectively (Fig. 1). Therefore,
the genetic relationships deduced from the DNA-
DNA hybridization data and from thel6S rRNA
sequence data were different.

There are three registrated 16S rRNA gene sequences
of the type strain of S. sanguinis in the database
(accession numbers X53653, AF003928 and
AB002524). They have 4-13 base differences within the
same area (about 1300 bp). We could not explain the
actual reason for this sequence variation, however the
possible reason is technical, leading to mis-determi-
nation of sequence or sequence determination from
different copies of the 16S rRNA gene. Nevertheless,
with use of any one of these registrated sequence data,
S. sanguinis is still located in the mitis group, even if the
branching root is slightly different than that in Fig. 1
(data not shown).

The group I strains showed a positive -galactosidase
reaction only from the substrate p-nitrophenyl f-D-
galactopyranoside (Table 3). At least three substrates
have been used for the detection of f-galactosidase
activity (2-naphthyl f-p-galactopyranoside, p-nitro-
phenyl p-p-galactopyranoside and 4-methylumbelli-
feryl f-p-galactopyranoside) (Beighton et al., 1991;
bioM¢érieux). Most likely, the collective data for f-
galactosidase has been using the substrate 2-naphthyl

924
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Table 3. Biochemical characteristics of the new similarity groups | and I

R, Determined with Rapid ID32 Strep kit; S, determined with Streptogram kit; C, determined by
conventional methods. —, negative; +, positive; d, variable. The numbers in parentheses are the

number of positive strain(s)/test strains.

Character (method used) Group I (S. peroris)

Group II (S. infantis)

All isolates
(3 strains)

0-66"

All isolates  O-122T
(5 strains)

Haemolysis on sheep blood agar plate
Acidification of:
Amygdalin (S)
L-Arabinose (R, S)
D-Arabitol (R)
Arbutin (S)
Cyclodextrine (R)
Glycogen (R)
Inulin (S)
Lactose (R, S)
Maltose (R)
Mannitol (R, S)
Methyl f-p-glucopyranoside (R)
Melibiose (R, S)
Melezitose (R)
Pullulane (R)
Raffinose (R, S)
Ribose (R)
Sucrose (R)
Sorbitol (R, S)
Tagatose (R)
Trehalose (R, S)
Production of:
a-Galactosidase (R, S)
p-Galactosidase (R)*
p-Galactosidase (R, S)T
Alanyl-phenylalanyl-proline
arylamidase (R)
p-Glucosidase (R)
p-Mannosidase (R)
p-D-Fucosidase (S)
p-Glucuronidase (R, S)
Glycine-tryptophan arylamidae (R)
N-Acetyl-f-glucosaminidase (R, S)

Pyrollidonyl arylamidase (R, S)
Urease (R)
VP-reaction (R, S)
Hydrolysis of:
Arginine (R, S, C)
Aesculin (S, C)
Hippurate (R, S)

o

Alkaline phosphatase (R, S) d(1/3)

I+ + 1

+

d (1_/ 5)

I+ 1+ 1
[+ 1+ 1

4+
+ 4+

d (3/5)

+
d (3/5)

'+ + 1 + |

d (1_/5)

* Substrate is 2-naphthyl f-p-galactopyranoside.
+ Substrate is p-nitrophenyl f-D-galactopyranoside.

fp-D-galactopyranoside; as used in the API-ZYM and
API 20 Strep identification test kits (bioMérieux).
Using these commercial kits, the strains of group I

were judged to have no pf-galactosidase activity,
however they could degrade the substrate p-nitro-

phenyl S-p-galactopyranoside.
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Table 4. Biochemical characteristics that differentiate the new species from other members of the mitis group

Data taken from Kikuchi ez al. (1995), except that in parentheses which was our observation. +, More than 90 % of strains
positive; —, less than 10 % of strains positive; d+, 50-89 % of strains positive; d—, 11-49 % of strains positive.
Substrates/products: 1, arginine; 2, melibiose; 3, raffinose; 4, trehalose; 5, tagatose; 6, a-galactosidase; 7, f-galactosidase;
8, N-acetyl-f-glucosaminidase; 9, f-glucosidase; 10, alkaline phosphatase.

Species Hydrolysis of: Acidification of: Production of:

5 2 3 4 6 7 8 9 10
S. peroris — — — — — — — — — d—
S. infantis — - - — + — + d+ — —
S. mitis — d— d— — — d— — — _ d+
S. oralis — d+ d+ d— d—(—) d+ d— d— — d+
S. pneumoniaet d— - + + — + — d+ d— _
S. gordonii + — — + d— — — — d+ +
S. cristatus + d— d— d+ d+ d— d— — _ _
S. sanguinis + d+ d+ + d— d+ _ — d+ _
S. parasanguinis + d+ d+ d— d+ d+ d— d— d— d+

*The substrate is 2-naphthyl f-p-galactopyranoside.

+Only for S. pneumoniae, data taken from Rapid ID32 Strep database (bioM¢érieux).

Strains of group II showed similar biochemical traits
to S. mitis or S. oralis. However, some biochemical
reactions, such as alkaline phosphatase, f-galacto-
sidase (substrate is 2-naphthyl f-pD-galactopyranoside)
and tagatose acidification, are helpful for differen-
tiating group II strains from these species (Table 4).
The tagatose acidification test is only used in the Rapid
ID32 Strep kit and was not performed using a
conventional method. All S. mitis strains were negative
for tagatose acidification in the Rapid ID32 Strep test
kit as previously reported by Kikuchi ef al. (18). The
proportion of strains of S. oralis positive for this test is
30% and 40 %, according to the Rapid 1D32 Strep
database and Kikuchi et al. (1995), respectively.
However, in studies undertaken in our laboratory,
only 10 % (3/30) of S. oralis strains which were clearly
classified by quantitative plate DNA-DNA hybridi-
zation, showed a positive reaction for tagatose acidifi-
cation (unpublished data), compared with all strains of
group II which gave positive reactions in this test.

In view of the data presented above, we believe that
these two groups should be classified as new species.
We propose the names Streptococcus peroris sp. nov.
and Streptococcus infantis sp. nov. for groups I and II,
respectively.

Description of Streptococcus peroris sp. nov.

Streptococcus peroris (per.or.is. L. adj. per through; L.
n. oris oral cavity; L. adj. peroris pertaining to the oral
cavity, from where the organism was isolated).

Cells are non-sporulating, non-motile, Gram-positive,
catalase-negative cocci that are approximately
0-6-0-8 mm in diameter, and grow in short chains.

Facultatively anaerobic. a-Haemolytic on Columbia
blood (sheep) agar plates. The biochemical character-
istics of the species are shown in Table 3. The G+C
content of the DNA is 39-8-40-5mol% (HPLC
method). Strains are isolated from the human tooth
surface and pharynx. The type strain is strain O-66"
(= GTC 848" = JCM 10158").

Description of Streptococcus infantis sp. nov.

Streptococcus infantis (in.fant.is. L. n. infans infant; L.
adj. infantis pertaining to human infants, from whom
the organism was isolated).

Cells are non-sporulating, non-motile, Gram-positive,
catalase-negative cocci that are approximately
0-:6-1-0 mm in diameter, and grow singly or in short
chains. Facultatively anaerobic. a-Haemolytic on
Columbia blood (sheep) agar plates. The biochemical
characteristics of the species are shown in Table 3. The
G + C content of the DNA is 39-9-40-4 mol % (HPLC
method). Strains are isolated from the human tooth
surface and pharynx. The type strain is strain O-1227
(= GTC 849" = JCM 10157%).
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