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ABSTRACT

Purpose: Two phenotypic and three molecular methods were assessed for their ability
to identify viridans group streptococci (VGS) to the species level.

Methods: A panel of 23 clinical isolates, comprising strains isolated from infective
endocarditis, blood cultures, pleural and peritoneal fluid, and 19 type/reference strains
were analyzed. ldentification was performed using two conventional phenotypic
methods, API® rapid ID 32 Strep and VITEK® 2 system; and genotypic analysis of the
nucleotide sequence of the housekeeping gene sodA, restriction patterns generated by
restriction fragment length polymorphism (RFLP) of the 16S rRNA gene and multilocus
sequence analysis (MLSA) of 7 housekeeping genes.

Results: The API® rapid ID 32 Strep accurately speciated 79% of the strains assessed,
while the VITEK® 2 generated a successful identification for 55%, presenting
limitations particularly with regard to species belonging to the mitis group. RFLP of the
16S rRNA gene correctly speciated 24% of the strains, having failed to allocate a
species for 36% of the isolates examined. In contrast, sequence analysis of the sodA
gene provided a correct identification for 95% of the strains assessed, while
identification using the MLSA technique was unsuccessful due to practical limitations.
Conclusions: The results generated herein indicate that no single methodology can be
used to provide an accurate identification to the species level of all VGS although,
nucleotide sequence analysis of the sodA gene proved to be useful in providing reliable

speciation.

Keywords: Streptococcus, MLSA, API, VITEK, RFLP, sodA
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INTRODUCTION

Viridans group streptococci (VGS) encompass four phylogenetic clusters: the
mitis, mutans, salivarius and anginosus groups, which are part of the natural human
flora, being isolated mainly from the oral cavity, gastrointestinal and genitourinary tract
[1]. The pathogenic potential of the species comprising the VGS is variable, with the
natural competence of these organisms giving rise to a genetic exchange with
Streptococcus pneumoniae, a species with recognized virulence traits [2]. It is believed
that this interspecies gene transfer is responsible for the emerging tolerance or resistance
to B-lactam antimicrobial agents amongst VGS, particularly S. mitis [3]. VGS can
behave as opportunistic pathogens causing diseases that range from mild infections to
life threatening conditions. S. mutans for instance, has a strong association with the
development of dental caries [4], while S. sanguinis, S. oralis and S. mitis are
responsible for 40-60% of native-valve infective endocarditis [5, 6]. Members of the
anginosus group are causative agents of pyogenic abscesses in a number of body sites
[7]. Other opportunistic infections caused by VGS include septicaemia in neutropenic
patients [8], and occasionally cases of meningitis have been reported [9].

Currently, no recognised “gold standard” exists that is able to identify many of
the species satisfactorily, which has led to an inadequate reporting of streptococcal
infections, and potentially has serious implications for diagnosis and treatment [11-13].
Accurate identification of VGS to the species level is therefore important to characterise
the pathogenic potential of individual species and monitor trends in antimicrobial
susceptibility and emerging infections, such as septicaemia in immunocompromised

individuals [14].
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Although presenting recognized limitations, phenotypic tests such as the API®
rapid 1D 32 Strep and the VITEK® 2 system remain the techniques most frequently used
in clinical laboratories, achieving a speciation on the basis of the organisms biochemical
properties [15, 16]. The demand for simple, effective and reliable methods for species
identification both in the clinical and research laboratories has resulted in an increasing
utilization and development of molecular based techniques [17]. Nucleotide analysis of
the sodA gene, encoding a manganese-dependent superoxide dismutase enzyme (Mn-
SOD), has been proposed as an accurate identification tool [18, 19]. Other genotypic
tests previously described include analysis of restriction patterns of the total
chromosome (pulsed-field gel electrophoresis) [20, 21] or within specific genes [22].
RFLP of ribosomal RNA encoding genes has been used as an identification method for
several bacterial and yeast species including Leuconostoc, Malassezia and
Streptococcus [23-25]. More recently, a MLSA technique has been developed for
identification of VGS based on the nucleotide sequence analysis of seven housekeeping
genes [26]. Using an electronic database comprising the nucleotide sequences acquired
from 420 VGS strains, this methodology reportedly allows unknown strains to be
assigned to viridans species via the internet [26].

Here we report the applicability of three molecular based techniques, as well as,
two commercially available methods, widely used in routine clinical laboratories, in the

identification of VGS to the species level.

MATERIALS AND METHODS

Bacterial strains and culture conditions. A collection of 23 clinical isolates,

comprising 14 streptococci recovered from patients diagnosed as Duke definite for
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infective endocarditis, 7 strains isolated from blood cultures, 1 pleural fluid isolate and
1 peritoneal fluid (Glasgow Caledonian University culture collection, Glasgow Dental
School, Barts and The London NHS Trust) were examined (Table 1). For assessment of
the accuracy of the identification provided by each method 10 type and 9 reference
strains were included (Table 1). The strains designated ATCC and NCTC were obtained
from the American Type Culture Collection (Manassas, USA) and National Collection
of Type Cultures (London, UK), respectively.

All strains were grown at 37°C in an atmosphere enriched with 5% CO; on
Columbia base agar (Oxoid, Hampshire, UK) supplemented with 5% (v/v) defibrinated

horse blood (Oxoid) and cultivated in brain heart infusion broth (BHI) (Oxoid).

Phenotypic identification. The API® rapid ID 32 Strep and VITEK® 2 system kits
were purchased from bioMérieux, UK. Phenotypic analysis by both methods was
performed according to the manufacturer’s instructions. The API results were obtained
as a numerical profile after visual reading and the identification was achieved by
manually entering the code into the identification software (apiweb — API® rapid ID 32
Strep V3.0, bioMérieux, France). Identification through the VITEK® 2 system was
provided by the associated computer software (V1.02), through comparison of the
biochemical profile of the strains tested against the biochemical profiles of the strains

present in the software database.

Genotypic identification
DNA manipulations. Streptococcal DNA was extracted using the DNeasy® Tissue kit
(Qiagen, West Sussex, UK) and quantified using a ND-1000 spectrophotometer

(NanoDrop Technologies Inc, Wilmington, USA).
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Polymerase chain reaction (PCR) analysis. DNA amplifications were performed
using an Applied Biosystems 2720 thermal cycler (Applied Biosystems, Foster City,
USA). All oligonucleotide primer sequences are depicted in table 2. The PCR reactions
consisted of 1x NH, amplification buffer, 1.5mM MgCl;, ImM dNTP mix, 1uM of
each primer, 10ng of genomic DNA and 0.025U/ul Taq polymerase (Bioline, London,
UK) in a final volume of 50ul.

Amplification of the sodA gene was performed on all strains using an annealing
temperature of 51.4°C.

S. oralis NCTC 11427" and S. oralis 12601 were selected to assess the MLSA
technique for VGS species identification. Genes map, pfl and tuf were amplified with
55°C annealing temperature, while primers for genes ppaC, pyK and rpoB were
annealed at 50°C, as previously published [26]. PCR amplifications were performed
with 30 cycles of denaturation (94°C, 30 seconds), annealing (X°C, 30 seconds) and
extension (72°C, 30 seconds), followed by a final extension step (72°C, 5 minutes) [26].
All generated amplicons were resolved by electrophoresis using a 1.0% (w/v)
SeaPlaque® agarose gel (Cambrex, Bio Science Rockland, Inc., USA), excised from the
gel and purified using the QIAquick® gel extraction kit (Qiagen).

The amplification of the 16S rRNA gene was performed with 35 cycles of
denaturation (94°C for 1 minute), annealing (60°C for 1 minute) and extension (72°C for
1.5 minutes), followed by a final extension step at 72°C for 10 minutes [22]. The
resulting products were resolved by electrophoresis using a 1% (w/v) agarose gel
(Invitrogen, Paisley, UK), after which the amplicons were recovered and purified from

the PCR reaction mixture using QIAquick® PCR Purification Kit (Qiagen).
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Sequencing analysis. Nucleotide sequence analysis of the sodA gene was performed
based on the nucleotide sequence analysis of a single DNA strand of all VGS examined.
Evaluation of MLSA was performed by sequencing both DNA strands of the amplified
fragments of the sodA, map, pfl, tuf, ppaC, pyK and rpoB genes of S. oralis NCTC
114277 and S. oralis 12601 (infective endocarditis isolate). Sequencing was performed
using 15ng of each amplicon, 3.5uM primer and 50°C annealing temperature or 64uM
primer and 45°C annealing temperature by The Sequencing Service (College of Life
Sciences, University of Dundee, UK) using Applied Biosystems Big-Dye Ver 3.1
chemistry on an Applied Biosystems model 3730 automated capillary DNA sequencer.
Species identification was achieved through nucleotide comparison against published
sequences available in the microbial genomes database using the Basic Local Alignment

Search Tool (BLAST) available online (http://www.ncbi.nlm.nih.gov/BLAST/).

RFLP of the 16S rRNA gene. RFLP of the amplified 16S rRNA genes was carried out
as described in previous studies [22], with modifications regarding the restriction
enzyme digestion conditions. Double restriction enzyme digestions were performed
with Haelll and Hpall (New England Biolabs, Hitchin, UK) according to the
manufacturer’s instructions and the resulting restriction fragments were resolved by
electrophoresis using a 2% (w/v) agarose gel (Invitrogen). A library of the restriction
patterns was produced for the reference strains and identification of the clinical isolates
was achieved using Dice similarity coefficient. A dendrogram was then constructed
showing the clusters generated by the Unweighted pair group method with arithmetic

mean (UPGMA, BioNumerics software, Applied Maths NV, Belgium).

RESULTS
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Species identification through API1® rapid ID 32 Strep system. The API® rapid ID 32
Strep system provided an accurate identification to the species level for 33 strains
(79%), without the need to perform additional tests. Eight strains (19%) were given a
correct identification to the group level, these included 7 strains from the mitis group,
which presented a number of unusual reactions, and type strain S. sobrinus ATCC
334787 was given an inconclusive identification, stating sobrinus/S. downei. Since the
biochemical range of this method is unable to differentiate between these two species

further tests were recommended.

Species identification through the Vitek® 2 system. The results generated by the
Vitek® 2 accurately speciated 23 strains (55%) while, 9 isolates of the mitis group were
allocated to the correct group (21%). The result of all S. oralis and S. mitis was
presented as S. mitis/S. oralis with a high level of confidence, since this methodology
does not differentiate between these species. Assignment of S. sanguinis reference and
type strains to S. mitis/S. oralis occurred in two instances (S. sanguinis NCTC 7863 and
S. sanguinis ATCC10556"), possibly due to a negative reaction in both arginine tests,
which is characteristic of S. mitis and S. oralis strains [27]. S. parasanguinis ATCC
159127 was speciated as S. gordonii, presenting a single obvious atypical reaction
(methyl-p-D-glucopyranoside positive). No identification was generated for 8 strains
(19%) represented in the software database, including isolates from the mitis, salivarius

and anginosus group, with 2 (5%) isolates having been misidentified.

Species identification through sequence analysis of the sodA gene. The PCR

amplification of an internal fragment of the sodA gene was successful for all strains,
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resulting in a single amplicon with the expected size of approximately 440bp. Sequence
analysis of the sodA gene resulted in the correct speciation of 40 strains (95%), with S.
sobrinus ATCC 33478" having been incorrectly assigned to S. thermophilus with 89%
nucleotide similarity and failure to generate sequence data occurred for one isolate,

despite repeated attempts.

Species identification through RFLP of the 16S rRNA gene. Amplification of the
16S rRNA gene of all VGS strains generated a single amplicon with the expected size
of approximately 1500bp. With the similarity threshold set at 90%, analysis of the
RFLP revealed 11 clusters incorporating 27 strains (64%), 24% of which were correctly
speciated (10/42) and 21% of isolates (9/42) were allocated to the correct VGS group
while 19% (8/42) were misidentified (fig. 1). The remaining 15 strains (36%) examined,
including species of the mutans, mitis and anginosus group, were excluded from the
generated clusters despite the presence of other members of the same species and/or

VGS group (fig. 1).

Species identification through MLSA. The PCR amplification of the 7 housekeeping
genes was successful for both strains examined, generating single amplicons of the
expected sizes. Using the forward primers the nucleotide sequence generated for 3
genes (3/7) of the type strain S. oralis NCTC 114277 and 2 genes (2/7) of the clinical
isolate S. oralis 12601 did not reach the length required by the MLSA software and both
strains failed to yield sequence results using the ppaC-F primer. When analyzing the
complementary DNA strand using the reverse primers, the ppaC gene of S. oralis
NCTC 114277 and S. oralis 12601 remained below the number of base pairs necessary

to proceed with the analysis. In addition, no nucleotide sequence was obtained for the
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pfl and pyk genes of the type strain and map, pyk, rpoB and sodA genes of the clinical
isolate. When modifications were introduced to the published protocol, an improvement
was seen for 2 of the genes of interest however, this was not beneficial overall as it
caused no improvement on either strand of the ppaC gene and decreased the number of
base pairs acquired for the sodA gene. Since the required read length of the 7
housekeeping genes was not obtained for either of the strains examined, no analysis

could be performed.

Identification concordance between the methods assessed. Comparison of the
identification allocated to each strain by the techniques assessed, revealed a species
level agreement between the two phenotypic methods for 18 strains (43%). In contrast,
the results generated by the genotypic methods were concordant for 10 isolates (24%).
The species allocated by the VITEK® 2 and sequence analysis of the sodA gene were
similar for 21 strains (50%) however, when the identifications produced by the VITEK®
2 were compared with those of the RFLP of the 16S rRNA gene, only 6 strains (14%)
were allocated to the same species. The API® rapid ID 32 Strep and the RFLP of the
16S rRNA gene were concordant for 8 strains (19%) while, the highest levels of
agreement were obtained when comparing the API® rapid ID 32 Strep and sequence

analysis of the sodA gene, with 32 isolates (76%) being similarly speciated.

DISCUSSION

The results presented in this study reflect the complex taxonomy of the VGS

which has lead to difficulties in defining a “gold standard” technique that would provide

accurate identification to the species level. The API® rapid ID 32 Strep system remains
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one of the most frequently used methodologies in the clinical laboratory for streptococci
identification to the species level [15]. Previous reports demonstrated the low sensitivity
of this technique for speciation of members of the anginosus and mitis group [6, 28-30],
which is in agreement with the results found in the present study as all the discrepant
speciations by this method occurred with members of the mitis group. Further
limitations of this system, and others of this nature, are associated with the subjectivity
inherent with the interpretation of the colorimetric reactions which can interfere with the
identification obtained. In addition, the availability of an up-to-date database
incorporating the taxonomic re-evaluations of this diverse group of bacteria is crucial in
acquiring accurate results [31]. Despite being a simple and non time consuming method,
the API® rapid ID 32 Strep only provides reliable identification to the group level.

The VITEK® 2 system is an automated machine that is capable of identifying
numerous bacteria, including VGS, based on kinetic analysis of the fluorescence,
turbidity and colorimetric readings of 43 tests measuring enzymatic activities, carbon
source and antibiotic resistance [32]. Difficulties in the speciation of VGS members
using the VITEK® 2 have been reported [17, 33] and the results generated by this
technique in the present assessment reinforce these findings in that only 55% of the
strains examined were accurately speciated. In addition, the supplementary tests
required for two of the most clinically relevant VGS species, S. mitis and S. oralis,
proves to be a major limitation also extending the time required to obtain identification.
In agreement with previous reports, the results provided by the VITEK® 2 suggest this
methodology may be better suited for identification to the species level of organisms
other than VGS, such as -haemolytic streptococci [14].

The sequence analysis of an internal fragment of the sodA gene resulted in an

accurate speciation of 95% of all strains assessed, revealing the high reliability of this
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method for VGS speciation. Traditionally, the sequencing of this housekeeping gene has
been carried out by cloning the amplified fragment into a vector prior to sequencing [18,
19, 34]. In this study, elimination of this step made this technique less time-consuming
and more cost-effective, without significant consequence to its efficiency. GenBank
includes a comprehensive and freely available microbial genomic database which,
despite not guaranteeing the accuracy and quality of the data deposited, is an up-to-date
database which incorporates the sodA nucleotide sequences of VGS reference/type
strains and clinical isolates [18, 19, 34]. These factors have contributed to the high
levels of reliable identification generated by this methodology.

The sequence analysis of the 16S rRNA gene as been widely applied for
speciation of streptococci having greatly contributed to a better understanding of the
classification of such a complex bacterial group [35]. The high level of nucleotide
similarities between closely related species, particularly S. oralis, S. mitis and S.
pneumoniae soon became evident, questioning the discriminatory capability of this
methodology [18]. Restriction enzyme digestion of the 16S rRNA gene has been
suggested as an alternative method to gene sequence analysis for streptococcal
speciation, potentially offering more precise results [22]. The use of a single restriction
enzyme (Hpall) for discrimination of mutans group species was previously described
[22] however, in that study, not all strains presented distinctive patterns requiring a
second restriction endonuclease (Haelll) to allow differentiation. Given the number and
diversity of strains being assessed in the present evaluation, a simultaneous double
restriction reaction was applied. Traditionally, species identification was performed by
visual comparison of the restriction patterns resolved by agarose gel electrophoresis
however, computer analysis is less subjective and a more practical approach for high

throughput of strains [25]. Analysis of the constructed dendrogram demonstrated the
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limited capacity of RFLP of the 16S rRNA gene to speciate VGS (24%) and therefore,
low concordance with the other methodologies evaluated. This unsatisfactory results
may have been influenced by the low resolution, or inability to visually detect, small
restriction fragments. Other limitations of this technique have also been reported. These
included the inability to differentiate between S. parasanguinis and S. mitis, despite the
use of three separate restriction endonuclease combinations, due to the sequence
homology of the 16S rRNA gene shared amongst strains within a VGS group [25].
Based on the findings generated using the panel of strains assessed, RFLP of the 16S
rRNA genes was considered unsuitable for streptococcal identification to the species
level.

Unlike the MLST technique successfully applied in the genetic differentiation
between serotypes of S. aureus and S. pneumoniae, MLSA has recently been described
for VGS species identification based on the sequence data acquired for 7 housekeeping
genes [26]. The results obtained in the present study suggest that MLSA of VGS
species, at present is not a technique sufficiently robust to allow inter-lab variability and
cannot be used routinely.

In conclusion, no individual method assessed was able to unequivocally assign
the correct species to all VGS strains. The difficulties in achieving accurate speciation
were particularly noticeable in members of the mitis group, which correlates with the
genetic homology shared among the species included in this VGS group. Comparison of
the data provided indicated that nucleotide sequence analysis of the sodA gene is a

useful and reliable technique for VGS species identification.
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434 Table 1 — VGS species assessed in this study and reference strains included for

435  evaluation of the methods accuracy.

Phylogenetic Speci Number of Reference strain
pecies ) ;
group strains included
Mutans . mutans 4 S. mutans NCTC 10449"
. sobrinus 1 S. sobrinus ATCC 334787
Salivarius . salivarius 6 S. salivarius NCTC 86187
Anginosus . anginosus 4 S. anginosus NCTC 107137
constellatus 3 S. constellatus subsp constellatus ATCC
' 278237
Mitis . mitis 3 S. mitis NCTC 122617
. sanguinis 6 S. sanguinis ATCC 10556"
. parasanguinis 4 S. parasanguinis ATCC 159127
. gordonii 7 S. gordonii NCTC 7865"
. oralis 2 S. oralis NCTC 114277
. cristatus 1 None included
. oligofermentans 1 None available

436
437



438 Table 2 — PCR primers to amplify sodA, 16S rRNA, map, pfl, tuf, ppaC, pyK and rpoB

439  genes.
Expected
Gene product
Primers Sequence (5’ to 3°) Origin
amplified size
(bp)
sodA-F TRCAYCATGAYAARCACCAT
i sodA 436 [18]
sodA-R  ARRTARTAMGCRTGYTCCCARACRTC
8UA AGAGTTTGATCCTGGCTCAG 16S
1521 [22]
1492R TACGGGTACCTTGTTACGACTT rRNA
map-F  GCWGACTCWTGTTGGGCWTATGC
map 459
map-R  TTARTAAGTTCYTTCTTCDCCTTG
pfl-F AACGTTGCTTACTCTAAACAAACTGG
pfl 458
pfl-R ACTTCRTGGAAGACACGTTGWGTC*
tuf-F GTTGAAATGGAAATCCGTGACC
tuf 531
tuf-R GTTGAAGAATGGAGTGTGACG
[26]
ppaC-F  GACCAYAATGAATTYCARCAATC*
ppaC 683
ppaC-R  TGAGGNACMACTTGTTTSTTACG*
pyk-F GCGGTWGAAWTCCGTGGTG*
pyK 557
pyk-R GCAAGWGCTGGGAAAGGAAT*
rpoB-F  AARYTIGGMCCTGAAGAAAT*
rpoB 740

rpoB-R  TGIARTTTRTCATCAACCATGTG*

440 ~ The underlined degenerate base sites correspond to positions within the gene that may
441  differ between species.
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