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ABSTRACT

Objectives: Accurate identification of Streptococcus species is critical for clinical management and epi-
demiology. Misidentification of Streptococcus parapneumoniae as Streptococcus pneumoniae can hinder di-
agnosis and affect treatment outcomes.
Methods: From 385 archived S. pneumoniae isolates, species-specific polymerase chain reaction (PCR) was
used to identify potential S. parapneumoniae. Confirmatory species determination, virulence, and antimi-
crobial resistance profile analyses were performed through whole-genome sequencing (WGS), phyloge-
nomic, and comparative genomic analyses. Matrix-associated laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) spectral analysis aimed to identify biomarkers for S. parapneumo-
niae.
Results: Three S. parapneumoniae strains, representing a novel species first identified in Japan in 2024,
were isolated from patients with respiratory infections in Hong Kong. WGS showed >99% average nu-
cleotide identity (ANI) with S. parapneumoniae SP40117, distinct from S. pneumoniae (<94%). These strains
possessed virulence factors similar to S. pneumoniae, suggesting pathogenic potential. All isolates exhib-
ited multidrug and levofloxacin resistance, unlike local S. pneumoniae strains. MALDI-TOF MS identified
two peaks (m/z 6,399 and m/z 6,960) unique to S. parapneumoniae.
Conclusions: The multidrug resistance of S. parapneumoniae complicates antimicrobial resistance surveil-
lance data and empirical treatment accuracy for S. pneumoniae. The identified discriminatory peaks offer
promising tools for accurate species identification. The prevalence of S. parapneumoniae is likely underes-
timated; expanded surveillance is warranted to determine its true distribution and clinical significance.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction word=streptococcus as of July 16, 2025; List of Prokaryotic names
with Standing in Nomenclature [1]. Many of these species are sig-
The genus Streptococcus encompasses a diverse group of bac- nificant human pathogens, contributing to substantial morbidity

teria, with 244 recognized species https://Ipsn.dsmz.de/search? and mortality worldwide. They are found in almost every loca-
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tion in the human body and are the dominant species in the hu-
man oral cavity and upper respiratory tract [2]. Traditionally, strep-
tococci have been classified based on their hemolytic properties

T Yan Zhao, Yuanchao Ma and Man Lung Yeung contributed equally to this study. on blood agar, categorized as «-hemolytic, B-hemolytic, or non-

https://doi.org/10.1016/).ijid.2025.108042

1201-9712/© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.ijid.2025.108042
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2025.108042&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://lpsn.dsmz.de/search?word=streptococcus
mailto:llteng@hku.hk
https://lpsn.dsmz.de/search?word=streptococcus
https://doi.org/10.1016/j.ijid.2025.108042
http://creativecommons.org/licenses/by-nc-nd/4.0/

Y. Zhao, Y. Ma, H.H. Lee et al.

hemolytic depending on the type of hemolysis that the bacterium
generates on blood agar. The 8-hemolytic streptococci were further
classified using Lancefield grouping, although it should be noted
that certain «-hemolytic and non-hemolytic streptococci also re-
acted with specific Lancefield antisera. Historically, the oral strep-
tococci were referred to as viridans streptococci (Streptococcus viri-
dans) due to their high propensity to display partial hemolysis
when cultured on blood agar plates, resulting in a green coloration
surrounding the colonies. Although the viridans streptococci or
o-hemolytic designations are still used today to classify the oral
streptococci, this term is not fully accurate, as some isolates can
display B-hemolysis or completely lack any hemolytic activity.

To overcome the limitations of traditional methods, newer
methods have been developed for the classification and identifica-
tion of Streptococcus species. Amplification and sequencing of uni-
versal gene targets, such as the 16S rRNA gene, have been exten-
sively studied [3,4]. However, some studies have raised concerns
regarding the resolution and taxonomic grouping capabilities of the
16S rRNA gene in certain circumstances [5,6]. Recently, a more ro-
bust genome-based phylogenetic approach has been used to cat-
egorize streptococci into nine distinct groups: bovis, gordonii, mi-
tis, mutans, pluranimalium, pyogenic, salivarius, sorbrinus, and suis
[7]. The mitis group, the largest among those found in the oral cav-
ity with 20 species, presents challenges in species differentiation,
leading to the reclassification of strains and the emergence of new
species descriptions [8]. Another promising and newer approach
for streptococci identification is matrix-associated laser desorp-
tion/ionization time-of-flight mass spectrometry (MALDI-TOF MS).
This method analyzes the protein mass spectra of bacterial iso-
lates, providing a unique fingerprint for each species. However,
current databases used in MALDI-TOF MS still face limitations in
distinguishing Streptococcus pneumoniae from other closely related
species of the Streptococcus mitis group [9]. This differentiation
is crucial as S. pneumoniae is often highly pathogenic, and early
identification can facilitate prompt antimicrobial therapy, poten-
tially improving clinical outcomes. Streptococcus parapneumoniae, a
newly discovered species in Japan in 2024, serves as an example
of misidentification, initially mistaken as S. pneumoniae in a case of
acute pyelonephritis with bacteremia [10]. This species shares mor-
phological and biochemical similarities with S. pneumoniae, pos-
ing challenges for accurate diagnosis. We hypothesized that some
S. parapneumoniae were previously misidentified as S. pneumoniae.
Therefore, we conducted targeted screenings for S. parapneumo-
niae using polymerase chain reaction (PCR) with specific primers
designed for this species in 385 archived isolates previously re-
ported as S. pneumoniae. Subsequently, we present the discovery
and detailed characterization of three additional clinical isolates
of S. parapneumoniae in Hong Kong, originally misidentified as S.
pneumoniae. Through comprehensive genome sequencing analysis,
we confirmed the true identities of these isolates as S. parapneu-
moniae. Furthermore, we propose the utilization of a MALDI-TOF-
based method for precise differentiation between S. parapneumo-
niae and S. pneumoniae.

Methods
Patient and strains

Clinical specimens were collected and processed following stan-
dard protocols outlined in a previous study [11]. The specimens
were cultured on sheep blood agar at 37°C with 5% CO, to obtain
all three isolates. Patients’ clinical data were obtained by retrieving
and analyzing clinical records provided by the hospital.

The type strains of S. pneumoniae NCTC 7465" and S. mitis NCTC
122617 were sourced from the Biological Resource Center of Insti-
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tut Pasteur, France. S. pseudopneumoniae PW931 was a clinical iso-
late.

Microbiological methods and phenotypic characterizations

Standard protocols outlined in a previous study were followed
for bacterial cultures and phenotypic identification [12]. The API
system (20 STREP) (BioMérieux, France) was utilized to identify the
bacterial isolate in this study. The direct transfer method was em-
ployed to conduct MALDI-TOF MS, with modifications, using the
Microflex LT system with MALDI Biotyper 4.1.80 with the MBT IVD
Library DB Revision G (Bruker Daltonik) [13]. Antibiotic suscepti-
bility testing was carried out using the E-test method for penicillin
and the Kirby-Bauer disk diffusion method for the other antibiotics.
The results were interpreted based on the Clinical and Laboratory
Standards Institute’s guidelines updated in 2024 [14].

16S. TRNA gene sequencing, sequence identity analyses, and
phylogenetic analyses

Bacterial DNA extraction, PCR, and sequencing of the 16S rRNA
gene for the three case isolates of S. parapneumoniae were con-
ducted following the methods described in a previous publica-
tion [15]. The primer pair 5-GAGTTGCGAACGGGTGAG-3’ and 5’-
CTTGTTACGACTTCACCC-3’ were used for the 16S rRNA gene (1,534
bp) PCR and DNA sequencing. To construct a 16S rRNA phyloge-
netic tree, the obtained DNA sequences, along with those of closely
related species available in the mitis group, were subjected to pair-
wise alignment using MEGA 11 (version 11.0.11). The substitution
models were tested, and a phylogenetic tree was constructed us-
ing the maximum likelihood method in MEGA 11 (version 11.0.11)
[16]. The phylogenetic analyses included 883 nucleotide positions
of the 16S rRNA sequences.

Screening of S. parapneumoniae in bacterial isolates initially
identified as S. pneumoniae

PCR screening method was employed to detect the presence of
S. parapneumoniae in archived bacterial isolates previously iden-
tified as S. pneumoniae. A total of 385 archived bacterial iso-
lates, originally identified as S. pneumoniae, were subjected to PCR
screening using primers 5'-AGGTGTTTTAAATAATGCGTC-3’ and 5'-
AATATTATCAAACTCTGGAC-3' targeting a unique 560-bp region of
a hypothetical protein gene specific to S. parapneumoniae but not
found in other closely related Streptococcus species.

Genome sequencing and hybrid genome assembly

The genomes of the three case isolates were determined us-
ing Illumina paired-end short read sequencing. For PW5782, an
additional Oxford Nanopore long-read sequencing (ONT) was per-
formed. Genomic DNA extraction and the Illumina DNA library
preparation were performed as described previously [15]. The II-
lumina DNA library was sequenced on a NovaSeq 6000 instrument
(run type: PE151 bp). The ONT long-read library was prepared us-
ing SQK-RAD004 rapid sequencing kit (Oxford Nanopore Technolo-
gies, Oxford, UK) following the manufacturer’s instructions and se-
quenced on a MinlON sequencer. Unicycler v.0.4.8 was employed
to assemble the Illumina and Oxford Nanopore MinION reads to
obtain the draft genomes.

Genome sequence analyses
Intergenomic distances, represented by average nucleotide iden-

tity (ANI) and digital DNA-DNA hybridization (dDDH), were calcu-
lated between the proposed three isolates and the previously pub-
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lished S. parapneumoniae SP4011T and reference strains of the clos-
est related species. ANI and dDDH were performed using the web
service available at https://www.ezbiocloud.net/tools/ani [17] and
Genome-to-Genome Distance Calculator v3.0 (http://ggdc.dsmz.de/
distcalc2.php), respectively. In addition to the three isolates, which
were sequenced completely as part of this study, the remain-
ing complete genome sequences of six Streptococcus species were
downloaded from the National Center for Biotechnology Informa-
tion (NCBI) databases (Supplementary Table S2). Genome charac-
teristics, including the number of tRNA genes, rRNA genes, and
coding sequences, were predicted using Prokaryotic Genome An-
notation Pipeline (PGAP) provided by the NCBI [18]. The tRNA gene
counts were further validated with ARAGORN 1.2.41 [19]. The G+C
content was calculated directly from the genome sequence.

Phylogenomic characterization

To determine the phylogenetic position of all four isolates of S.
parapneumoniae among the current nine taxonomic groups within
the genus Streptococcus [20], a multigene-based phylogenomic ap-
proach was employed. This approach involved the concatenation of
nucleotide sequences from 92 bacterial core genes (Supplementary
Table S4). The alignment of the concatenated 92 core genes from
65 Streptococcus genomes and one Lactococcus genome was gen-
erated using the up-to-date bacterial core gene (UBCG) pipeline
(https://www.ezbiocloud.net/tools/ubcg) with default parameters,
as described by Na et al. [21]. The Neighbor-joining tree was con-
structed using MEGA 11 (version 11.0.11) [16].

MALDI-TOF MS analysis

Bacterial isolates were processed according to the manufac-
turer’s recommended direct transfer and ethanol-formic acid ex-
traction protocols for MALDI-TOF MS [22]. A single isolated colony
was inoculated directly onto the Main Spectrum Profile (MSP96)
target plate spot by the direct transfer method. The target plate
was analyzed by the Bruker Microflex LT system. The protein pro-
file of each spot with m/z values of 2,000-20,000 generated was
analyzed by the MALDI Biotyper V.3.1 using the latest MBT IVD Li-
brary (10,964 spectra for bacteria, 416 spectra for Streptococcus).
Only identification score >2.0 indicated a reliable species-level
identification.

Three S. parapneumoniae isolates, the S. pneumoniae type strain
NCTC 74657, and 20 clinical S. pneumoniae isolates (with species
identities confirmed by genome sequencing) were subjected to
spectral acquisition. The spectra were acquired using a Bruker Mi-
croflex LT, equipped with a 60 Hz nitrogen laser operating in pos-
itive linear mode over a mass range of 1,960-22,000 Daltons, with
a FlexControl™ 3.4 software. The raw spectral data were auto-
matically processed with MBT Compass Explorer software (version
4.1.80), which included smoothing, baseline subtraction, and inten-
sity normalization to improve spectral quality. Spectra were then
matched against reference spectra stored in the database; the li-
brary included a total of 5,627 Streptococcus reference spectra, with
existing MSPs for S. pneumoniae. To further improve spectral qual-
ity, FlexAnalysis was used to remove flat-line spectra and anoma-
lous peaks [23].

Virulence factors identification

Protein coding regions of four isolates of S. parapneumoniae
were predicted, and automatic functional annotations were per-
formed using Prokka 1.14.0 [24]. Virulence genes were identified
by comparing the predicted sequences against the Virulence Fac-
tor Database (VFDB) [25]. Virulence factors of five S. pneumoniae
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strains were retrieved directly from the VFDB. Comparative anal-
ysis of virulence factors between S. parapneumoniae and S. pneu-
moniae was conducted based on functional annotations and se-
quence homology of the protein sequences. Only virulence factors
present in all four S. parapneumoniae isolates and the five S. pneu-
moniae strains were included in further analyses. The protein se-
quences of virulence factors from S. parapneumoniae SP4011T were
analyzed using tBLASTn against the genomes of the five S. pneumo-
niae strains.

Results

Screening of S. parapneumoniae in archived bacterial isolates
identified as S. pneumoniae

A total of 385 bacterial isolates initially identified as S. pneu-
moniae and collected between 2016 and 2024 were screened for S.
parapneumoniae using PCR with specific primers. Among these iso-
lates, three samples (0.78%) tested positive for S. parapneumoniae.
Sequence analysis of the positive samples revealed that they were
100% identical and showed 100% nucleotide identity to a hypothet-
ical protein gene sequence of S. parapneumoniae SP40117,

Patient information

The three putative S. parapneumoniae isolates recovered from
a 66-year-old man, an 86-year-old woman, and a 63-year-old
woman, who all came to Hong Kong public hospitals for treatment
with respiratory infection. The first two cases were in 2016, and
the third case was in 2023. Following 24 hours of incubation, a
Gram-positive, aerobic, non-sporulating coccus was isolated from
the sputum of the above three patients, referred to as PW5782,
PW7223, and PW7224. Upon further review of the clinical history,
there were no indications of nosocomial infections. All three pa-
tients developed community-acquired pneumonia prior to hospital
admission.

MALDI-TOF MS identification and phenotypic characterizations

MALDI-TOF MS identified the three putative S. parapneumoniae
isolates (PW5782, PW7223, and PW7224) as S. pneumoniae, with a
score of 2.17, 2.10, and 2.16, respectively. All three isolates grew on
sheep blood agar as «-hemolytic and grey colonies of 0.5-1 mm in
diameter after 24 hours of incubation at 37°C in an aerobic envi-
ronment (Supplementary Figure S1). Growth enhancement was ob-

S. parapneumoniae PW7224 (JBLGTI000000000)
S. parapneumoniae PW7223 (JBLGTI000000000)
0 S. parapneumoniae PW5782 (JBCHKK000000000)
S. parapneumoriae SPA011T (NZ_AP026968.1)
100 S. pseudopneumoniae CCUG 494557 (NZ_AICS01000067.1)
S. pneumoniae NCTC 7465 (NZ_AP026968.1)
85 S infantis ATCC 7007797 (LC096227.1)
45 5 mitis NCTC 122617 (NZ_CP028414.1)
S oralis subsp. tigurinus AZ_3a’ (NR_118234.1)
S sanguinis NCTC 7863 (LC145554.1)
S. australis NCTC 13166 (LS483444.1)
S. parasanguinis ATCC 159127 (CP002843.1)

0.02

Figure 1. 16S rRNA gene-based phylogenetic tree of Streptococcus parapneumoniae
and related Streptococcus spp. The tree was inferred from the 16S rRNA gene us-
ing the maximum-likelihood method with Kimura’s two parameter correction and
general time reversible models (K2+G+I), with Lactococcus lactis subsp. lactis 10-1
as the outgroup. The scale bar indicates the estimated number of substitutions per
base. Numbers at nodes indicate levels of bootstrap support calculated from 1000
replicates. Names and nucleotide accession numbers are given as cited in GenBank.
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Figure 2. Comparative genomic analyses of Streptococcus parapneumoniae and closely related species. (a) Core genome phylogenetic tree of S. paraneumoniae and related
Streptococcus spp. The tree was inferred from concatenated nucleotide sequences of 92 core genes using the UBCG pipeline, with Lactococcus lactis designated as the outgroup.
The gene names and accession numbers are given as cited in the Database of Clusters of Orthologous Genes (COGs), listed in Supplementary Tables S4 and S5. Streptococcus
genomes were classified into nine taxonomic groups: bovis, gordonii, mitis, mutans, pluranimalium, pyogenic, salivarius, sobrinus, and suis. The color represents different
taxonomic groups. The scale bar corresponds to the average number of nucleotide substitutions per site on each branch. (b) Genomic comparison of four S. parapneumoniae
isolates and S. pneumoniae type strain. The innermost circle (yellow) represents the genome of S. parapneumoniae SP4011T (yellow circle), used as the reference. The outer
circles show the genomes of PW5782 (purple), PW7223 (blue), PW7224 (green), and S. pneumoniae NCTC7465" (pink). Virulence genes shared by both species are annotated
in the figure. (c) Virulence genes common to S. parapneumoniae and S. pneumoniae? in the annotated genome.

UBCG, up-to-date bacterial core gene.

served for all three case isolates under 5% CO, conditions at 37°C.
No growth was observed in the presence of 6.5% NaCl. Further-
more, similar to the typical features of S. pneumoniae, the three
isolates demonstrated sensitivity to optochin and were bile sol-
uble. They were also resistant to bacitracin. Detailed biochemical
profiles of the isolates and S. pneumoniae are presented in Supple-
mentary Table S1. The antibiotic susceptibility test results showed
that all three isolates were sensitive to chloramphenicol and van-
comycin, but resistant to penicillin, erythromycin, co-trimoxazole,
levofloxacin, and clindamycin.

Molecular characterizations

PCR amplification of the 16S rRNA gene of the three iso-
lates (PW5782, PW7223, and PW7224) yielded DNA products with
lengths of approximately 1,500 bp. The three isolates had the same
16S rRNA gene sequence and were identical to the type strain
of S. parapneumoniae SP4011T. The next closest species was S.
pseudopneumoniae CCUG 494557 with a 99.93% nucleotide iden-
tity. They shared 99.48% nucleotide identities with S. pneumoniae

NCTC 7465T. The 16S rRNA phylogenetic tree of S. parapneumoniae
and other representative species in the mitis group is shown in
Figure 1.

Comparative genomic characterizations

Genome sequencing was performed to confirm the species
identities of the three isolates (PW5782, PW7223, and PW7224).
Using both Illumina and Nanopore reads generated four con-
tigs for PW5782, with a total genome size of 2,273,213 bp
(N50 = 1,532,916 bp, 595x coverage) and an average G-+C con-
tent of 39.73%. The de novo assembly using Illumina reads gen-
erated 31 and 38 contigs for PW7223 and PW7224 of 2,235,223
bp and 2,260,293 bp with 39.73% and 39.77% G+C content, re-
spectively. The contigs of all three isolates were submitted to the
NCBI Prokaryotic Genome Annotation Pipeline (PGAP) for anno-
tation, with results provided in Supplementary Table S2. The re-
sults of phylogenetic analysis using 92 core genes are summarized
in Figure 2a. An in-silico genome-to-genome comparison showed
that all three isolates were highly related to each other (ANI of
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m/z 6,960

Figure 3. MALDI-TOF MS differentiation of Streptococcus parapneumoniae against Streptococcus pneumoniae. (a) Biotyper software analysis of S. parapneumoniae isolates
(PW5782, PW7223, PW7224) compared with the reference MSP of S. pneumoniae NCTC 7465". Peak color coding indicates match quality: green (full match), yellow (partial
match), and red (mismatch). Reference spectra (blue) are displayed in the lower panel. (b) Overlaid average spectra of S. pneumoniae NCTC 7465" (dark blue) and S. parapneu-
moniae isolates (PW5782: purple, PW7223: red, PW7224: green) showing species-discriminative peaks. Red boxes highlight characteristic S. parapneumoniae-specific peaks
at m/z 6,399 and m/z 6,960. Spectra were aligned and intensity-normalized using flexAnalysis software.

MALDI-TOF MS, matrix-associated laser desorption/ionization time-of-flight mass spectrometry; MSP, Main Spectrum Profile.

99.74-100%) and were also most closely related to the published S.
parapneumoniae SP4011T (ANI of 99.76-99.97%), falling within the
species boundary threshold (ANI >95%). The next closest Strep-
tococcus species was S. pseudopneumoniae (ANI of 93.99-94.19%).
These results confirmed that all three isolates in this study were
classified as members of S. parapneumoniae species. Further com-
parative genomic analyses using digital DNA-DNA hybridization
(dDDH) with other closest species also supported the classification
of the three isolates as typical of members of S. parapneumoniae
(Supplementary Table S3).

To elucidate the taxonomic position of the S. parapneumoniae
isolates among the genus Streptococcus, a multigene-based phy-
logenomic analysis was performed. The tree based on the con-
catenated nucleotide sequences of 92 bacterial core genes showed
that the four isolates of S. parapneumoniae, including the type
strain published previously, clustered with members of the mitis
group. The mitis group currently includes some medically impor-
tant pathogens such as S. pneumoniae, S. pseudopneumoniae, and
S. mitis, forming a distinct and well-supported phylogenetic clade.
The tree was also able to recover members of the remaining eight
taxonomic groups, including bovis, gordonii, mutans, pluranimal-
ium, pyogenic, salivarius, sorbrinus, and suis (Figure 2a), as de-
scribed in previous studies [11].

Virulence genes shared between S. parapneumoniae and S.
pneumoniae

S. parapneumoniae shares many of the same virulence factors
as S. pneumoniae, enabling it to colonize the upper respiratory
tract and progress to lower respiratory tract infection (i.e., pneu-
monia), and possibly to invasive bacteremia, as in the case of
the isolate previously reported from Japan. The genomes of all
three isolates identified in this study contains homologs of sev-
eral virulence genes found in S. pneumoniae, including phospho-
rylcholine esterase CbpE (cbpE), Rqc2 family fibronectin-binding
protein PavA (pavA), cholesterol-dependent cytolysin pneumolysin
(ply), N-acetylmuramoyl-L-alanine amidase LytA (LytA), serine pro-

tease HtrA (htrA), sortase SrtA (srtA), and metal ABC transporter
substrate-binding lipoprotein/adhesin PsaA (psaA); these genes are
known to be involved in adhesion, exotoxin, exoenzyme, or nutri-
tional/metabolic factor (Figure 2b and c) [26-28]. The protein iden-
tity values for the matches are presented in Figure 2c.

Mass spectra analysis

MALDI-TOF MS and conventional laboratory biochemical tests
could not distinguish between S. parapneumoniae and S. pneumo-
niae; mass spectral analysis was performed to identify any spectral
peaks that could distinguish between the two species. The MSP of
S. pneumoniae NCTC 74657 was used as a reference, and the three
S. parapneumoniae isolates were compared with it one by one us-
ing MBT Compass (Bruker Daltonik GmbH, Bremen, Germany). The
results showed that three S. parapneumoniae isolates had different
matching degrees with MSP of S. pneumoniae (Figure 3a) and ob-
tained log scores of 2.11, 2.22, and 2.29, respectively. Comparison
of MSP of the three S. parapneumoniae isolates and 50 S. pneu-
moniae isolates (comprising 30 isolates from the Bruker database
and 20 isolates with species identity confirmed by WGS) identi-
fied two discriminatory peaks of m/z 6,399 and m/z 6,960 (Table 1,
Figure 3b). These two spectra peaks were present in the three S.
parapneumoniae isolates and absent in all 50 S. pneumoniae isolates
(Table 1, Figure 3b).

Discussion

The recent discovery of S. parapneumoniae as a novel species
within the mitis group underscores the ongoing challenges in dif-
ferentiating closely related streptococci, particularly those with
overlapping phenotypic and biochemical profiles such as S. pneu-
moniae. In this study, we identified three clinical isolates of S. para-
pneumoniae in Hong Kong, shortly after the first report of this
species (S. parapneumoniae SP40117) in Japan in 2024 [10]. These
isolates, alongside the Japanese type strain, were initially misiden-
tified as S. pneumoniae using conventional methods, highlighting
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Table 1
Characteristic MALDI-TOF masses selected as potential biomarkers for distinguishing Streptococcus parapneumoniae from Streptococcus pneumoniae. The MSPs of 50 S. pneu-
moniae isolates were compared with the MSPs of the three S. parapneumoniae isolates identified in this study. Only S. parapneumoniae strains showed peaks at m/z 6,399
and m/z 6,960, whereas none the 50 S. pneumoniae isolates showed peaks at these two m/z values.
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MALDI-TOF MS, matrix-associated laser desorption/ionization time-of-flight mass spectrometry; MSP, Main Spectrum Profile.

systemic limitations in current diagnostic workflows. MALDI-TOF
MS identified the three isolates as S. pneumoniae with a score ex-
ceeding 2.0. Phenotypically, the isolates closely resembled S. pneu-
moniae in key tests such as «-hemolysis, optochin sensitivity, and
bile solubility, further complicating their differentiation. Subse-
quent genomic analysis confirmed that these three isolates should
be classified as S. parapneumoniae based on ANI and dDDH val-
ues that unequivocally placed them within the species boundary
(Supplementary Table S3). Although no additional S. parapneumo-
niae strains have been reported at the time of writing, our find-
ings suggest that clinical isolates previously identified as S. pneu-
moniae may, in fact, be S. parapneumoniae. The specificity of our

designed hypothetical protein gene primers for detecting S. parap-
neumoniae may offer a potential rapid molecular tool for targeted
screening. However, further validation is required to confirm its
specificity and sensitivity using a larger collection of S. pneumoniae
and closely related streptococci, including mitis group species.
The clinical and epidemiological implications of the present
findings are significant. All three S. parapneumoniae isolates in
Hong Kong were recovered from patients with respiratory infec-
tions (bronchitis or pneumonia), with one patient exhibiting un-
derlying comorbidity. These cases occurred in 2016 and 2023, with
no travel history reported prior to symptom onset. This temporal
distribution, combined with the recent identification of S. para-
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Alpha-hemolytic
+

Gram-positive diplococci

Bile solubility test: positive
+

Optochin susceptibility test: susceptible

MALDI-TOF MS: peaks are present at m/z 6399 and m/z 6960

S. parapneumoniae S. pneumoniae

Figure 4. Proposed identification scheme for differentiating Streptococcus parapneu-
moniae from Streptococcus pneumoniae.

1. Characteristics of «-hemolytic and Gram-positive diplococci. 2. A positive bile sol-
ubility result along with optochin susceptibility indicates a probable identification
of either S. parapneumoniae or S. pneumoniae. 3. MALDI-TOF MS analysis: detection
of peaks at m/z 6,399 and m/z 6,960 confirms the isolate as S. parapneumoniae; oth-
erwise, it is classified as S. pneumoniae.

MALDI-TOF MS, matrix-associated laser desorption/ionization time-of-flight mass
spectrometry.

pneumoniae SP4011T in Japan in 2024 [10], suggests the global
presence of this species for nearly a decade, potentially caus-
ing both respiratory and invasive infections akin to S. pneumo-
niae. The Japanese case, involving an older adult individual with
metabolic syndrome who developed bacteremia secondary to acute
pyelonephritis [10], underscores the pathogenic potential of S.
parapneumoniae across diverse patient populations, including both
immunocompromised and immunocompetent individuals. Indeed,
genomic comparisons have revealed shared critical virulence genes
between S. parapneumoniae and S. pneumoniae, involved in adhe-
sion (e.g., cbpE, and pavA genes), invasion (e.g., lytA, htrA and srtA
genes), immune evasion (e.g., psaA genes), and toxin release (e.g.,
ply genes) (Figure 2b and c). These shared pathogenic mechanisms
likely account for the overlapping clinical syndromes associated
with S. pneumoniae. Notably, all four S. parapneumoniae isolates, in-
cluding the type strain S. parapneumoniae SP40117, exhibited mul-
tidrug resistance and levofloxacin resistance, which is not common
among S. pneumoniae isolates in Hong Kong. This resistance pat-
tern, uncommon in local S. pneumoniae isolates 0-4.4% in recent
surveillance [29], raises concerns that such misidentification could
distort local antimicrobial resistance surveillance data of S. pneu-
moniae and lead to inappropriate empiric therapy.

The utilization of spectral peaks analysis-based identification
has shown to be a promising approach for distinguishing between
S. parapneumoniae and S. pneumoniae. MALDI-TOF MS, a rapid,
cost-effective, and high-throughput diagnostic technology widely
adopted in clinical microbiology, has significantly contributed to
bacterial identification over the past decade [30]. Although MALDI-
TOF MS has demonstrated success in differentiating some species
within the S. mitis group that bear close resemblance to S. pneumo-
niae [31], concerns regarding its specificity persist [32]. For exam-
ple, Yahiaoui et al. have highlighted the limitations of the Bruker

International Journal of Infectious Diseases 160 (2025) 108042

database in accurately identifying S. pneumoniae, with over 50%
of non-pneumococcal isolates being misidentified [32]. This lack
of specificity is attributed to the low phylogenetic resolution of
MALDI-TOF MS systems, which only capture a small fraction of
the microbial proteome in whole-cell spectra [32]. In this study,
we encountered a similar challenge of misidentification within the
mitis group, despite ongoing updates to reference databases. Of
the 385 pneumococcal isolates screened, three were misidentified,
highlighting the current limitations of MALDI-TOF spectral libraries
in effectively resolving species within the mitis group. Previous
studies showed that mass spectral analysis offers improved reso-
lution for bacterial identification [30,31], prompting us to create
MSPs of the three isolates using a full extraction protocol with
30 replicates to reveal distinct profiles between S. parapneumoniae
and S. pneumoniae. We further compared these three isolates with
50 additional S. pneumoniae isolates and identified two character-
istic peaks at m/z 6,399 and m/z 6,960 that can accurately distin-
guish the two species (Figure 3b, Table 1). These peaks represent
potential biomarkers for enhancing MALDI-TOF databases, enabling
rapid and accurate differentiation between S. parapneumoniae and
S. pneumoniae (Figure 4). Further research is warranted to validate
the findings by expanding the study to include a broader range of
strains of S. parapneumoniae, S. pneumoniae, and other closely re-
lated streptococci, particularly those within the mitis group.

Conclusion

In conclusion, this study identified three S. parapneumoniae iso-
lates from patients with respiratory infections in Hong Kong, fol-
lowing the initial report of this novel species in Japan in 2024.
Similar to the first strain in Japan, all isolates were initially
misidentified as S. pneumoniae. The resistance of these isolates to
levofloxacin, uncommon in local S. pneumoniae isolates, raises con-
cerns about the distortion of local antimicrobial resistance surveil-
lance data and the risk of inappropriate empiric therapy. The uti-
lization of spectral peak analysis for distinguishing between S.
parapneumoniae and S. pneumoniae shows promise to improve di-
agnostic accuracy in clinical microbiology. Further research is war-
ranted to understand the global prevalence and distribution of this
emerging pathogen.
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