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The heterogeneity of members of the Streptococcus anginosus group (SAG) has traditionally hampered their correct identifica-
tion. Recently, the group was subdivided into 6 taxa whose prevalence among human infections is poorly described. We evalu-
ated the accuracy of the Rapid ID32 Strep test, matrix-assisted laser desorption ionization—time of flight mass spectrometry
(MALDI-TOF MS), and a PCR multiplex method to identify 212 SAG isolates recovered from human infections to the species
and subspecies level by using multilocus sequence analysis (MLSA) as the gold standard. We also determined the antimicrobial
susceptibilities of the isolates. Representatives of all SAG taxa were found among our collection. MALDI-TOF MS and the Rapid
ID32 Strep test correctly identified 92% and 68% of the isolates to the species level, respectively, but showed poor performance at

the subspecies level, and the latter was responsible for major identification errors. The multiplex PCR method results were in
complete agreement with the MLSA identifications but failed to distinguish the subspecies Streptococcus constellatus subsp.
pharyngis and S. constellatus subsp. viborgensis. A total of 145 MLSA sequence types were present in our collection, indicating
that within each taxon a number of different lineages are capable of causing infection. Significant antibiotic resistance was ob-
served only to tetracycline, erythromycin, and clindamycin and was present in most taxa. MALDI-TOF MS is a reliable method
for routine SAG species identification, while the need for identification to the subspecies level is not clearly established.

Initially included in the viridans group streptococci, the species
now recognized as the Streptococcus anginosus group (SAG) were
first described as Streptococcus milleri in 1956 (1), but their taxo-
nomic classification has remained in flux. Currently, the group
includes three species, Streptococcus anginosus, Streptococcus con-
stellatus, and Streptococcus intermedius (2—5) with unique genome
signature regions (5). The species S. constellatus was subdivided
into the subspecies S. constellatus subsp. pharyngis and S. constel-
latus subsp. constellatus (6). Recently, Jensen et al., based on mul-
tilocus sequence analysis (MLSA), divided S. anginosus into two
subspecies—S. anginosus subsp. anginosus (the isolates formerly
classified as S. anginosus) and S. anginosus subsp. whileyi—and
they described the novel subspecies S. constellatus subsp. viborgen-
sis (7).

Most SAG strains share common features, such as small colony
size, low growth rate, and a distinctive caramel smell (8, 9). How-
ever, SAG also present diversity in their other characteristics.
These organisms may be nonhemolytic or display beta- or alpha-
hemolysis when grown on blood agar plates (4, 5, 10), and they
may present any of the A, C, F, or G Lancefield group antigens or
lack Lancefield group antigen altogether (4, 5, 8, 10).

SAG, as with other members of the viridans group strepto-
cocci, are part of the human microbiota, colonizing the oral cavity,
nasopharynx, and gastrointestinal and genitourinary tracts (4, 11—
13). However, these bacteria may also cause infections that can
range from mild, such as pharyngitis, to severe, such as bacteremia
and abscesses in internal organs, with the three SAG species tend-
ing to be associated with different clinical syndromes. Abscesses
caused by S. intermedius are more likely to spread hematogenously
and be deep seated (4, 14, 15). On the other hand, S. anginosus is
less likely to be implicated in abscess formation, but it predomi-
nates in blood cultures and is also commonly isolated from uro-
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genital and gastrointestinal sources (4, 11). S. constellatus is often
isolated from respiratory tract sources, although it can also cause
other infections (4). However, most of the available literature has
relied on phenotypic identifications, and none of the studies con-
sidered the recent taxonomy.

The changes in taxonomy and the heterogeneous phenotypic
reactions exhibited by SAG have hampered their correct identifi-
cation. Although the first set of phenotypic tests capable of distin-
guishing the three species was proposed in 1990 (16), rapid phe-
notypic tests, such as the Rapid ID32 Strep test, are usually found
to have a low sensitivity, and it is often suggested that genotypic
methods may be necessary to differentiate the taxa (10, 17).

Although the 16S rRNA gene is widely used in the identifica-
tion of Streptococcus and other genera (2, 7, 18, 19), SAG show
mosaic-like structures, confounding their identification and sug-
gesting exchange of DNA between species (20). Other single-gene
approaches have been used for SAG species identification (groEL,
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rpoB, tuf, and sodA) (10, 21-23), but recombination at these loci
has also been documented (7, 21, 23), which could result in mis-
identification when a single-locus approach is used. A PCR based
on the amplification of the group-specific penicillin-binding pro-
tein 2B gene (pbp2b) and a multiplex assay for identification to the
subspecies level have been proposed (24), but the S. constellatus
subsp. viborgensis taxon was not considered. Recently, the MLSA
scheme proposed for the Streptococcus genus (25) proved to have
great discriminatory power for SAG subspecies-level identifica-
tion (7).

Matrix-assisted laser desorption ionization—time of flight mass
spectrometry (MALDI-TOF MS) has been increasingly applied in
clinical microbiology (26, 27). MALDI-TOF MS has a rapid turn-
around time, low sample volume requirements, is cost-effective,
and is not influenced by the growth medium (26-30). The size
range used is dominated by ribosomal proteins (30, 31), support-
ing its use as the first-line method for bacterial species identifica-
tion (26, 32).

In the present study, we used MLSA as a gold standard as we
aimed to evaluate the accuracy of the Rapid ID32 Strep test,
MALDI-TOF MS, and the previously described PCR scheme (24)
in identifying SAG to the species and subspecies levels according
to the most recent taxonomy. We analyzed potential associations
between the different taxa and patient age, source for sample iso-
lation, and antimicrobial susceptibility profile.

MATERIALS AND METHODS

Bacterial isolates. Since 2000, the Portuguese Group for the Study of
Streptococcal Infections has monitored streptococcal infections in Portu-
gal. Among our activities, our laboratory has occasionally received isolates
belonging to the Streptococcus genus from human infections for confir-
mation of identification. All isolates recovered in our hospital or received
from participating laboratories that fulfilled at least one of the following
criteria were considered for inclusion in our study: (i) presented colony
morphology characteristics compatible with SAG, (ii) were identified by
us or the submitting laboratory as belonging to the S. milleri or S. angino-
sus groups, or (iii) were nonidentified streptococci presenting Lancefield
group A, C, G, or F. All blood and pleural fluid isolates (n = 76) and a
random sample of 135 isolates recovered from other sources were in-
cluded in the study. With the aim of increasing the prevalence of the newly
described taxa that are thought to be associated with pharyngitis, all other
noninvasive isolates recovered from the respiratory tract were also in-
cluded (n = 23). The final collection included 234 isolates causing human
infections, mostly recovered from our hospital but also isolates submitted
by 14 other hospital-associated clinical microbiology laboratories. A
screening for the pbp2b gene specific for the S. anginosus group (24) was
performed with the 234 isolates. A final sample of 212 isolates that ampli-
fied the expected fragment of the pbp2b gene was retained for further
study, including 64 blood isolates, 11 pleural fluid isolates, and 137 iso-
lates recovered from other sources.

MLSA. Species and subspecies were assigned based on MLSA, using
previously described primers (25). The genes used were map, pfl, ppaC,
pyk, rpoB, sodA, and tuf. Since the sodA primer pair occasionally resulted
in nonspecific products, it was replaced by the one described by Poyart et
al. (22). Sequences of the seven housekeeping genes were edited, aligned,
and subjected to phylogenetic analysis using Bionumerics version 7.1
(Applied-Maths, Sint-Martens-Latem, Belgium) and MEGA 6.06 (33). All
sequences available in GenBank from the previous study by Jensen et al.
(7) and our own sequences were aligned, and the various alleles of each
gene were identified by sequential numbers. The different allelic profiles
were classified into sequence types (STs) that were given unique numbers.
The sequences of each gene as well as the concatenated sequences were
subjected to phylogenetic analysis using the minimum evolution (ME)
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algorithm and a Kimura two-parameter model to compute evolutionary
distances. Bootstrap tests were performed with 1,000 replicates for ME
trees by using MEGA 6.06 (33). The classifications of the study isolates
into taxa were based on their positions in the tree.

The following type strains of the six SAG taxa were used as references:
S. anginosus subsp. anginosus ATCC 333977 (DSM20563), S. anginostis
subsp. whileyi DSM25818%, S. intermedius ATCC 27335 (DSM20573), S.
constellatus subsp. constellatus ATCC 27823 (DSM20575), S. constellatus
subsp. pharyngis DSM17475%, and S. constellatus subsp. viborgensis
DSM25819".

Phenotypic characterization and identification. The isolates were
grown on tryptic soy agar (TSA) plates (Oxoid, Hampshire, United King-
dom) supplemented with 5% sheep blood (ProBiolégica, Belas, Portugal)
and incubated at 37°C under a 5% CO, atmosphere. After 16 to 24 h of
incubation, isolates were classified as beta-hemolytic when complete
clearing was seen around the colonies or non-beta-hemolytic (for al-
pha-hemolytic or nonhemolytic isolates). The Lancefield antigen group
was determined by latex agglutination with the streptococcal grouping kit
(Oxoid, Hampshire, United Kingdom).

The Rapid ID32 Strep system (bioMérieux, Marcy I'Etoile, France)
was used for colonies grown for 48 h under anaerobiosis in Columbia
sheep blood agar plates (CBA; Oxoid, Hampshire, United Kingdom) ac-
cording to the manufacturer’s recommendations. For species and subspe-
cies identifications, the API profiles were interpreted using the mini-API
computer system (bioMérieux, Marcy I'Etoile, France) with database ver-
sion 3.0.

Identification by PCR and key substrate degradation capacity. The
multiplex PCR scheme proposed by Takao et al. was used for identifica-
tion to the species and subspecies levels, with the S. anginosus subsp.
whileyi isolates identified based on the amplification pattern described for
DNA group 2 strains (24). Since this PCR scheme does not distinguish
between S. constellatus subsp. viborgensis and S. constellatus subsp. phar-
yngis, all isolates identified as “S. constellatus subsp. pharyngis/viborgensis”
were tested for their ability to degrade the synthetic fluorogenic substrates
4-methylumbelliferyl-B-p-galactopyranoside (8-Gal) and 4-methylum-
belliferyl-N-acetyl-3-p-galactosaminide (B-NAGA) for the detection of
B-N-acetylgalactosidase and [-N-acetylgalactosaminidase production,
respectively (17). A positive reaction for both enzymes identified the iso-
late as S. constellatus subsp. pharyngis. If both reactions were negative, the
isolates were classified as S. constellatus subsp. viborgensis.

MALDI-TOF MS identifications. All isolates were analyzed by a direct
colony method with MALDI-TOF MS (microflex system; Bruker Corpo-
ration, Germany). The analysis was carried out with axenic cultures
grown under the same conditions used for the Rapid ID32 Strep test.
Spectral analysis was performed with the MALDI Biotyper software
(version 3.0), and comparisons with the spectra in the database (ver-
sion 3.3.1.1) produced the final identifications. The manufacturer’s
recommended score values were used to interpret the results. Identi-
fication scores of <1.700 were considered unreliable and the experi-
ment was repeated, again using a direct colony method. If a similar
score was obtained, this was registered as an unreliable identification.
For SAG, five strains are included in the reference database: two S.
anginosus subsp. anginosus strains (DSM20563" and 0807M10067501
IBS) and the type strains of S. intermedius (DSM20573"), S. constellatus
subsp. constellatus (DSM20575") and S. constellatus subsp. pharyngis
(DSM20575").

Antimicrobial susceptibility. Susceptibilities to cefotaxime, ceftri-
axone, chloramphenicol, clindamycin, erythromycin, levofloxacin, li-
nezolid, penicillin, quinupristin-dalfopristin, tetracycline, and vanco-
mycin were tested by disk diffusion (Oxoid, Hampshire, United Kingdom)
according to the CLSI recommendations (34). High-level resistance to
gentamicin and streptomycin was tested according to the CLSI recom-
mendations for enterococci (34) but using Mueller-Hinton agar sup-
plemented with 5% sheep’s blood and with incubation under a 5%
CO, atmosphere. For all antimicrobials except erythromycin, clindamy-
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cin, and tetracycline, any isolate classified as intermediate or resistant was
confirmed by determining the MIC using Etest strips (bioMérieux, Marcy
I’Etoile, France).

Statistical analysis. Differences and associations were evaluated by
the Fisher exact test with the false discovery rate (FDR) correction for
multiple testing (35). A P value of <0.05 was considered significant for
all tests. The diversity of classifications was quantitatively evaluated by
calculating the Simpson’s index of diversity (SID) with 95% confi-
dence intervals (Cls) (36), using the Comparing Partitions website
(http://www.comparingpartitions.info).

Nucleotide sequence accession numbers. The nucleotide sequences
were submitted to GenBank and are available under accession no.
KT209590 to KT209960.

RESULTS

MLSA analysis and identification. Seventy-eight STs were found
among the previously published strains, including the type strains
(see Table S1 in the supplemental material). In our collection (n =
212), 145 STs were present (SID and 95% CI, 0.992 = 0.004), of
which 135 were novel STs (ST79 to ST213) (see Table S2 in the
supplemental material). The seven genes presented distinct diver-
sities (SID and 95% CI: map, 0.891 = 0.025; pfl, 0.925 £ 0.015;
ppac,0.970 = 0.006; pyk, 0.928 = 0.016, rpoB, 0.946 = 0.014, sodA,
0.961 = 0.01, tuf, 0.886 = 0.021). Phylogenetic trees of individual
genes showed little congruence (see Fig. Sla to g in the supple-
mental material). The ME tree, based on the concatenated se-
quences of the seven genes for the 213 STs (SID and 95% CI, 0.995
%+ 0.003) is shown in Fig. 1. Eight clusters and two outlier isolates
(ST167 and ST155) were identified. Clusters A and B were consid-
ered representative of S. constellatus subsp. constellatus, since both
included solely strains previously identified as S. constellatus
subsp. constellatus and no other taxon. Together, they included 72
isolates of the study collection. Cluster C, although not so well
defined and branching from within cluster A, grouped together all
strains previously identified as S. constellatus subsp. pharyngis, in-
cluding the type strain, and two study isolates with novel and
closely related STs (ST173 and ST212). S. constellatus subsp. vibor-
gensis is represented by cluster E, including six isolates from our
collection, five of which represented ST31, the same as the refer-
ence strain, and other isolates previously described as S. constel-
latus subsp. viborgensis (7). The species S. anginosus is represented
by clusters F and G. Cluster F represents S. anginosus subsp.
whileyi, a very cohesive cluster, in which five study isolates were
grouped, four of which represented the same ST as the reference
strain. Cluster G includes all sequences previously associated with
S. anginosus subsp. anginosus, and we identified 115 isolates of our
collection as members of this taxon. Finally, S. intermedius formed
the most genetically distant cluster in the tree (cluster H) and
included seven study isolates.

The position in the tree raised some questions about the identity
of cluster D, formed by ST119 (n = 1) and ST180 (1 = 2). When each
gene was analyzed individually (see Fig. Sla to g in the supplemental
material), most of the alleles of these three isolates grouped together
with other S. constellatus subsp. constellatus alleles. However, allele
53 of the sodA gene present in these STs seems to be responsible for its
detachment from clusters A and B, since sodA53 groups together with
the S. anginosus alleles in the ME tree (see Fig. S1f). Thus, we identi-
fied isolates that were grouped in cluster D as S. constellatus subsp.
constellatus, although these isolates probably reflect the acquisi-
tion of a sodA allele from S. anginosus.

Finally, two STs, ST167 and ST155, were so divergent from any
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cluster that initially their identification was considered uncertain.
In the case of ST167, the map and tuf genes were not informative,
whereas the pyk and sodA alleles were shared by different subspe-
cies of the S. constellatus species. The alleles of the genes pfl and
rpoB indicated that this isolate belongs to S. constellatus subsp.
constellatus. This isolate contains the ppac76 allele, which is not
present elsewhere. This allele groups together with the S. anginosus
subsp. anginosus alleles based on ME and may cause a long-branch
attraction effect that results in the grouping of this isolate with the
S. constellatus subsp. pharyngis isolates. The allele closest to ppac76
of S. constellatus subsp. constellatus is 90% identical, whereas the
closest allele of S. anginosus subsp. anginosus is 98% identical.
Overall, we classified this isolate as S. constellatus subsp. constella-
tus. In contrast, we classified the isolate representing ST155 as S.
anginosus subsp. anginosus. As before, the map and tuf genes were
not informative. The alleles found in the pfl, rpoB, and sodA genes
of this isolate were also found in 10, 14, and 2 isolates, respectively,
that were grouped into the S. anginosus subsp. anginosus cluster.
Although the allele found for the ppac gene is unique, it groups by
ME with other S. anginosus subsp. anginosus isolates. The allele of
the pyk gene may have been acquired by recombination, since it is
an allele characteristic of the S. constellatus species (found in 14
study isolates). The prevalence of each taxon among the collection
studied is presented in Table 1.

Lancefield group, hemolysis, and PCR identification. The he-
molysis and Lancefield group carbohydrate findings for the iso-
lates are given in Table 2. The PCR identification results were in
agreement with the MLSA final identifications, including the
identification of ST155, ST167, and that of cluster D, discussed
above. The six S. constellatus subsp. viborgensis and the two S.
constellatus subsp. pharyngis isolates showed identical amplifica-
tion profiles, as expected (24). However, only the S. constellatus
subsp. pharyngis degraded B-Gal and 3-NAGA, allowing the cor-
rect identification of isolates of both subspecies.

Identification via MALDI-TOF MS. Table 3 summarizes the
MALDI-TOF MS identifications according to the Bruker score
system. Out of 212 isolates, 7 (3.3%) did not reach a score of =1.700,
and so a reliable identification was not possible, even with repeated
testing. All S. constellatus subsp. constellatusisolates (n = 76;35.8%
of total isolates) were identified as S. constellatus subsp. pharyngis,
independently of their Bruker score, and were responsible for the
high frequency of misidentifications to the subspecies level. S. an-
ginosus subsp. whileyi and S. constellatus subsp. viborgensis were
not represented in the database and therefore were identified to
the closest taxon present in the database, as they were correctly
identified to the species level. Overall, 68.4% of isolates (n = 145)
were correctly assigned to the species level (ID score, =2.000), a
value that increased to 92.5% (n = 196) if identifications with a
score of =1.700 were considered. All isolates misidentified to the
species level were assigned to another SAG species, and one isolate
was assigned to a different genus (Table 3).

Rapid ID32 Strep identification. The results with the Rapid
ID32 Strep test are shown in Table 4. The analysis of the per-
formance of the Rapid ID32 Strep test in identification to the
subspecies level could not be conducted because the system
does not consider S. anginosus subspecies nor the newly recog-
nized S. constellatus subsp. viborgensis taxon. Even if, according
to the manufacturer, the Rapid ID32 Strep system can identify
S. constellatus subsp. pharyngis, all the S. constellatus subsp. phar-
yngis isolates were incorrectly identified at the subspecies and spe-
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FIG 1 MLSA minimum evolution tree of the concatenated sequences of seven genes defining 213 STs. The Kimura two-parameter method was used to compute
evolutionary distances, and branch support was evaluated by bootstrapping with 1,000 replicates (values shown are percentages). Only bootstrap values of >80%
are shown. The 213 distinct profiles comprise the different allelic profiles found in the present study and on sequences available in GenBank (7). The eight clusters
formed are identified by letters. The isolates were identified according to their position on the tree. For each taxon, two shades of a color are used: the light shade
indicates the STs found only among isolates of the present study, and the darker shade indicates STs found first among the isolates characterized previously (7).
S. constellatus subsp. constellatus (Scc) is represented by light and dark red (cluster A, B,and D), S. constellatus subsp. pharyngis (Scp) is represented by orange and
brown (cluster C), S. constellatus subsp. viborgensis (Scv) is represented by light and dark purple (cluster E), S. anginosus subsp. whileyi (Saw) is represented by
light and dark blue (cluster F), S. anginosus subsp. anginosus (Saa) is represented by light and dark green (cluster G), and S. intermedius (Si) is presented by light
and dark yellow (cluster H). STs found among isolates present in both collections are represented by triangles of the darker color. STs found in strains assigned
to S. anginosus genomosubspecies AJ1 were not distinguished by a particular color (ST1, ST39, and ST75), since the taxon is currently not recognized. The <
symbols indicate the type strains.

cies levels (Table 4). Only 40.0% and 16.7% of the isolates rep-
resenting S. anginosus subsp. whileyi and S. constellatus subsp.
viborgensis, respectively, were correctly identified to the species
level. Approximately 1/10 (10.4%) of the isolates were identi-
fied as belonging to a different genus, and a minority (3.8%)
were identified as belonging to streptococcal species other than
SAG.

Antimicrobial susceptibility. All isolates were susceptible to
cefotaxime, ceftriaxone, linezolid, penicillin, quinupristin-dal-
fopristin, and vancomycin, and no high-level aminoglycoside
resistance was detected. One isolate presented intermediate re-
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sistance to chloramphenicol, and another was resistant to levo-
floxacin. Nonsusceptibility simultaneously to clindamycin and
erythromycin was found in 10.4% of isolates, with one isolate
presenting the iMLSy phenotype and all others the cMLS, phe-
notype. Most of the clindamycin- and erythromycin-nonsus-
ceptibleisolates (n = 22) were S. anginosus subsp. anginosus (n =
17), corresponding to 14.7% of the taxon. Among both S. con-
stellatus subsp. constellatus and S. intermedius isolates, there were
also resistant isolates (5.3% and 14.3%, respectively). Overall,
21.7% (n = 46) of the isolates were nonsusceptible to tetracy-
cline: 31.0% of S. anginosus subsp. anginosus, 7.9% of S. constel-
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TABLE 1 Distribution of the 212 S. anginosus group clinical isolates studied, by patient age group and source

No. of isolates

S. anginosus S. anginosus

S. constellatus

S. constellatus S. constellatus

Basis of comparison subsp. anginosus  subsp. whileyi  subsp. constellatus  subsp. pharyngis  subsp. viborgensis ~ S. intermedius ~ Total
Age group (yr)
0-18 11 1 14 1 2 0 29
19-65 66 4 37 1 4 3 115
>65 39 0 25 0 0 4 68
Source
Invasive
Blood 31 2 25 0 1 5 64
Peritoneal fluid 36 0 17 0 1 0 54
Pleural fluid 4 0 6 0 0 1 11
SSTI* 11 0 7 0 0 1 19
Other” 3 0 2 0 0 0 5
Total 85 2 57 0 2 7 153
Noninvasive
Respiratory tract sources® 7 2 4 1 3 0 17
SSTI” 6 0 3 0 0 0
Other” 3 0 4 0 1 0 8
Total 31 3 19 2 4 0 59
Pus (unknown origin) 15 1 8 1 0 0 25
Total 116 5 76 2 6 7 212

@ SSTI, skin and soft tissue infections. Sources included pus from phlegmons, Ludwig’s anginas, cervical abscesses, internal organ abscesses, surgical wounds, and collected limb

abscesses.

b Including urine, auricular and ocular exudates, and pus from thoracic abscesses, pelvic abscesses, bone biopsy specimens, and draining abscesses.

¢ Including pharyngeal exudates, sputum, and bronchoalveolar lavage fluid.

latus subsp. constellatus, 50% of S. constellatus subsp. viborgensis,
and 14.3% of S. intermedius.

DISCUSSION

In this study, we aimed to evaluate the currently available tech-
niques for the identification of SAG according to its most recent
taxonomy. For that purpose, we used MLSA (25) as the gold stan-
dard, distinguishing the six currently recognized taxa based on the
formation of clusters in an ME tree (7). The tree has three major
branches, roughly corresponding to the three species that com-
pose the group. Still, more than one monophyletic cluster was
formed within both S. anginosus subsp. anginosus and S. constel-
latus subsp. constellatus. Two outlier STs were noted in the S. con-
stellatus branch, representing an S. anginosus subsp. anginosus iso-
late and an S. constellatus subsp. constellatus isolate. The identities
of these outliers were established by the analysis of individual
genes and were concordant with the results of the PCR and
MALDI-TOF MS analyses.

In agreement with previous literature, S. anginosus subsp. an-
ginosus was the most heterogeneous taxon both genotypically, as
evaluated by MLSA, and phenotypically (3, 4, 7, 8). The previously
reported greater genetic distance of the S. intermedius cluster rel-
ative to the other two species was confirmed, as well as the unusual
position of the type strain of the species in the cluster, since it has
an rpoB allele (rpoB88) more closely related to S. anginosus (Fig. 1;
see also Fig. Sle in the supplemental material) (7). All S. anginosus
subsp. whileyi, S. constellatus subsp. pharyngis, and S. constellatus
subsp. viborgensis isolates formed homogeneous clusters and pre-
sented the phenotypic characteristics previously attributed to
these subspecies: beta-hemolysis and Lancefield group C antigen.
Although S. anginosus subsp. whileyi, S. constellatus subsp. phar-
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yngis, and S. constellatus subsp. viborgensis were found among up-
per respiratory sources, as indicated in the literature (6, 7), isolates
of these subspecies were also found in other sources among our
collection. The abundance of S. intermedius among isolates recov-
ered from blood is in agreement with the literature, which indi-
cates that S. intermedius is frequently responsible for deep-seated
infections involving hematogenous spread (4, 11, 15). As previ-
ously described (4, 11), both S. anginosus subsp. anginosus and
S. constellatus subsp. constellatus were found in a wide range of
sources.

The Rapid ID32 Strep test should not be used as a routine
identification method for SAG. For almost one-third of the
isolates, based on Rapid ID32 Strep results the assigned species
was incorrect, and 10.4% were assigned to a different genus.
SAG is well-known for its intraspecies biochemical variability
(3,4), so misidentifications with enzymatic-based methods are
not surprising.

Although some misidentifications were found when using
MALDI-TOF MS, most of the discrepancies were minor. Score
values of =2.000 are frequently considered necessary for reliable
species-level identification, but even when considering scores in
the range of 1.700 to 1.999 (n = 59), the majority were correct
identifications to the species level (86.4%). As suggested previ-
ously for the identification of the viridans group streptococci, the
application of a lower species-level cutoff score could be equally
accurate and enable the identification of more isolates (29, 32, 37,
38). In fact, the proportion of correctly identified isolates to the
species level in our study when we considered all scores of =1.700
(92.5%) was superior to that described previously for the viridans
group streptococci (38) and S. anginosus group (29, 38-41). A
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TABLE 2 Lancefield group and hemolysis group of the 212 S. anginosus group isolates studied

No. of isolates in Lancefield group:

Taxon and hemolysis group A C F G Absent” Total isolates
S. anginosus subsp. anginosus 11° 18 49° 16° 22¢ 116
Beta-hemolytic 1 8 9

Non-beta-hemolytic® 11 18 48 8 22 107°
S. anginosus subsp. whileyi 5t 5
Beta-hemolytic 5 5b
S. constellatus subsp. constellatus 14 24 517 76
Beta-hemolytic 22 4 26Y
Non-beta-hemolytic® 2 48 50
S. constellatus subsp. pharyngis 2b 2
Beta-hemolytic 2 2
S. constellatus subsp. viborgensis 6" 6
Beta-hemolytic 6 6"
S. intermedius 7° 7
Non-beta-hemolytic” 7 7
Total 11 32 73 16 80 212

“ The isolate did not react with any of the Lancefield sera tested.
¥ Positive statistically supported association with the characteristic after FDR correction.
¢ Alpha-hemolytic (n = 46) or nonhemolytic (n = 61).

4 Negative statistically supported association with the characteristic after FDR correction.

¢ Alpha-hemolytic (n = 5) or nonhemolytic (n = 45).
fAlphafhemolytic (n = 1) or nonhemolytic (n = 6).

previous study reported a similar fraction of correct species-level
identifications (93.1%, considering scores of =2.000) and found
that a high proportion of isolates required full extraction for reli-
able identification (39). Our data indicated that when considering
alower cutoff value (=1.700), similar results can be obtained with
a faster and cost-saving direct method. In agreement with previ-
ous reports (32, 39), MALDI-TOF MS accurately identified S. an-

ginosus and S. constellatus to the species level, but S. intermedius
was poorly identified. Although those two studies (32, 39), like
ours, had only a few representatives of S. intermedius (n = 6 and
n =9, respectively), this suggests that there is a specific limitation of
MALDI-TOF MS when used for the identification of this species.
All S. constellatus subsp. constellatus isolates were wrongly
identified as S. constellatus subsp. pharyngis with good scores.

TABLE 3 MLSA and MALDI-TOF MS identification results for the 212 isolates studied

No. of isolates with potential identification (Bruker score) to level of":

Genus (1.700-1.999) (n = 59)

Species (=2.000) (n = 146)

Unreliable Incorrect Incorrect

(<1.700) Total
Taxon (n=17) Correct  Subspecies ~ Species ~ Genus  Correct  Subspecies  Species  Genus  isolates
S. anginosus subsp. anginosus” 4 17 5¢ 14 88 1° 116
S. anginosus subsp. whileyi® 1 2¢ 2¢ 5
S. constellatus subsp. constellatus 1 26° 49¢ 76
S. constellatus subsp. pharyngis 1 1 2
S. constellatus subsp. viborgensis” 1€ 5¢ 6
S. intermedius 1 4 28 7
Total 7 22 29 7 1 89 56 1 212

“IDs are based on the Bruker score system: 0.000 to 1.699, no reliable identification; 1.700 to 1.999, probable genus identification; 2.000 to 2.299, secure genus identification,

probable species identification; 2.300 to 3.000, highly probable species identification.

 The MALDI-TOF MS system only identifies strains as S. anginosus. Since the two spectra found in the database included the type strain of S. anginosus subsp. anginosus
(DSM20563™), we considered a MALDI-TOF MS identification as S. anginosus corresponded to the subspecies S. anginosus subsp. anginosus.

¢ Isolates identified as S. constellatus subsp. pharyngis.
@ Tsolate identified as Clostridium halophilum.
¢ Isolates identified as S. anginosus subsp. anginosus.

fNo strains of S. constellatus subsp. viborgensis were included in the spectra database; thus, only species-level identification was expected to be achieved.
£ Isolates identified as S. constellatus subsp. constellatus (n = 1) or S. constellatus subsp. pharyngis (n = 1).
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TABLE 4 Rapid ID32 Strep system versus MLSA identification results for the 212 isolates studied

Rapid ID32 Strep system ID

S. constellatus

Other streptococcal

MLSA ID S. anginosus subsp. constellatus S. intermedius species” Other genus” Total
S. anginosus subsp. anginosus 81 31 1 3 116
S. anginosus subsp. whileyi® 2 3 5

S. constellatus subsp. constellatus 2 57 5 12 76

S. constellatus subsp. pharyngis® 1 1 2

S. constellatus subsp. viborgensis® 3 1 2 6

S. intermedius 1 3 2 1 7
Total 90 89 3 8 22 212

@ Other Streptococcus species identified were S. oralis (n = 1), S. oralis 2 (n = 1), S. mitis (n = 3), S. gordonii (n = 1), S. suis (n = 1), and S. thermophilus (n = 1).

b Other genera identified were Lactococcus lactis subsp. cremoris (n = 19), Erysipelothrix rhusiopathiae (n = 2), and Gemella morbillorum (n = 1).

¢ S. anginosus subsp. whileyi and S. constellatus subsp. viborgensis were only described in 2013 (7), and their profiles were not included in the database.

@ An S. constellatus subsp. pharyngis profile was included in the database, according to the manufacturer’s manual; however, no isolate was assigned that final identification.

Given that the S. constellatus subsp. pharyngis is found on a cluster
branching from within S. constellatus subsp. constellatus (Fig. 1),
this was not unexpected. In fact, a similar problem is found with
the consistent misidentifications of other viridans group strepto-
cocci as Streptococcus pneumoniae (32,41, 42). These observations
may be justified by the great similarity of ribosomal proteins,
which would limit the technique’s resolution, or may reflect defi-
ciencies in the current database (29, 31), since only one spectrum
of each SAG taxon (except S. anginosus subsp. anginosus) was in-
cluded. The spectra are subject to some method-inherent noise
(30), with the same isolate rarely producing identical spectra (30),
and microbial species generally show a degree of intraspecific vari-
ation (28, 30). Occasionally, type strains are not “typical” repre-
sentatives of a species, as was seen with MLSA (Fig. 1), and may
not be appropriate as the sole reference for identifying the subspe-
cies (28). It has been suggested that to allow reliable identifica-
tions, each species should be represented by 10 or more strains in
order to cover the naturally occurring diversity (26, 28, 41). In the
case of SAG, the problem does not seem to be the correct identi-
fication of the more genetically diverse group (S. anginosus subsp.
anginosus) but the distinction of the closely related taxa, and so it
is unclear if including more strains in the database would solve the
identification problems we found.

In our study, we evaluated for the first time the accuracy of the
multiplex PCR designed by Takao et al. for SAG species-level iden-
tification (24), using MLSA results as the gold standard. The PCR
method showed excellent concordance for all isolates, and the
amplified fragments generated easily distinguishable bands in
conventional agarose electrophoresis gels, allowing identification
to the species level without sequencing and thus decreasing the
time to identification and its associated costs. Also, contrary to all
other tested methods, the PCR method enabled robust subspecies
identification for S. anginosus and discrimination between S. con-
stellatus subsp. constellatus and S. constellatus subsp. pharyngis/
viborgensis. The current method failed to distinguish S. constella-
tus subsp. viborgensis from S. constellatus subsp. pharyngis, but
further study may identify unique markers that could be in-
cluded and specifically detected by the PCR, allowing their dif-
ferentiation without further enzymatic tests. However, given
the potentially small number of S. constellatus subsp. viborgensis
isolates occurring in human infections, this is not a severe limita-
tion. Such PCR procedures could be a promising rapid method for
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implementation in clinical microbiology laboratories, allowing
full SAG identification to the species and subspecies levels without
sequencing.

Although antimicrobial resistance is an increasing problem
with many bacterial groups (43, 44), SAG remain susceptible to
most antibiotic classes, as was observed in the present study. The
only significant resistance found was to clindamycin, erythromy-
cin, and tetracycline.

The collection analyzed was extremely diverse, with each sub-
species represented by multiple STs. Still, among the subspecies
represented by fewer isolates, two STs were dominant: ST31 in S.
constellatus subsp. viborgensis (5 of 6 isolates) and ST27 in S. an-
ginosus subsp. whileyi (4 of 5 isolates). In contrast, among the most
frequent taxa, S. constellatus subsp. constellatus and S. anginosus
subsp. anginosus, the most common STs, accounted for <12% of
the isolates. It is not clear if this represents more limited diversity
of S. anginosus subsp. whileyi and S. constellatus subsp. viborgensis
or alower sampling of the existing diversity. Nonetheless, it is clear
that several genetic lineages within each taxon are capable of caus-
ing disease in humans.

Although SAG subspecies can be reliably distinguished by us-
ing molecular techniques, such as PCR or MLSA, it is unclear if
there is a benefit in their routine identification in clinical micro-
biology laboratories. For instance, we found no statistically sup-
ported association between the subspecies and isolation site or
with resistance to antimicrobials (data not shown). Moreover, our
study suggested that increased sampling of natural populations
uncovers groups that do not clearly cluster into the defined sub-
species, an observation that questions the currently recognized
subspecies boundaries. The predominance of S. constellatus subsp.
constellatus and S. anginosus subsp. anginosus among SAG causing
human infections, the uncertainties arising in the genetic bound-
aries of the different subspecies, and the excellent performance of
MALDI-TOF MS in correctly identifying SAG species make
MALDI-TOF MS a reliable method for use in routine identifi-
cation.
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