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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 SP4011T , 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/ ) 
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The genus Streptococcus encompasses a diverse group of bac- 

eria, with 244 recognized species https://lpsn.dsmz.de/search? 
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ificant human pathogens, contributing to substantial morbidity 

nd mortality worldwide. They are found in almost every loca- 

ion in the human body and are the dominant species in the hu- 

an oral cavity and upper respiratory tract [ 2 ]. Traditionally, strep- 

ococci have been classified based on their hemolytic properties 
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emolytic depending on the type of hemolysis that the bacterium 

enerates on blood agar. The β-hemolytic streptococci were further 

lassified using Lancefield grouping, although it should be noted 

hat certain α-hemolytic and non-hemolytic streptococci also re- 

cted with specific Lancefield antisera. Historically, the oral strep- 

ococci were referred to as viridans streptococci ( Streptococcus viri- 

ans ) due to their high propensity to display partial hemolysis 

hen cultured on blood agar plates, resulting in a green coloration 

urrounding the colonies. Although the viridans streptococci or 

-hemolytic designations are still used today to classify the oral 

treptococci, this term is not fully accurate, as some isolates can 

isplay β-hemolysis or completely lack any hemolytic activity. 

To overcome the limitations of traditional methods, newer 

ethods have been developed for the classification and identifica- 

ion of Streptococcus species. Amplification and sequencing of uni- 

ersal gene targets, such as the 16S rRNA gene, have been exten- 

ively studied [ 3 , 4 ]. However, some studies have raised concerns 

egarding the resolution and taxonomic grouping capabilities of the 

6S rRNA gene in certain circumstances [ 5 , 6 ]. Recently, a more ro-

ust genome-based phylogenetic approach has been used to cat- 

gorize streptococci into nine distinct groups : bovis, gordonii, mi- 

is, mutans, pluranimalium, pyogenic, salivarius, sorbrinus, and suis 

 7 ]. The mitis group, the largest among those found in the oral cav-

ty with 20 species, presents challenges in species differentiation, 

eading to the reclassification of strains and the emergence of new 

pecies descriptions [ 8 ]. Another promising and newer approach 

or streptococci identification is matrix-associated laser desorp- 

ion/ionization time-of-flight mass spectrometry (MALDI-TOF MS). 

his method analyzes the protein mass spectra of bacterial iso- 

ates, providing a unique fingerprint for each species. However, 

urrent databases used in MALDI-TOF MS still face limitations in 

istinguishing Streptococcus pneumoniae from other closely related 

pecies of the Streptococcus mitis group [ 9 ]. This differentiation 

s crucial as S. pneumoniae is often highly pathogenic, and early 

dentification can facilitate prompt antimicrobial therapy, poten- 

ially improving clinical outcomes. Streptococcus parapneumoniae , a 

ewly discovered species in Japan in 2024, serves as an example 

f misidentification, initially mistaken as S. pneumoniae in a case of 

cute pyelonephritis with bacteremia [ 10 ]. This species shares mor- 

hological and biochemical similarities with S. pneumoniae , pos- 

ng challenges for accurate diagnosis. We hypothesized that some 

. parapneumoniae were previously misidentified as S. pneumoniae . 

herefore, we conducted targeted screenings for S. parapneumo- 

iae using polymerase chain reaction (PCR) with specific primers 

esigned for this species in 385 archived isolates previously re- 

orted as S. pneumoniae . Subsequently, we present the discovery 

nd detailed characterization of three additional clinical isolates 

f S. parapneumoniae in Hong Kong, originally misidentified as S. 

neumoniae . Through comprehensive genome sequencing analysis, 

e confirmed the true identities of these isolates as S. parapneu- 

oniae . Furthermore, we propose the utilization of a MALDI-TOF- 

ased method for precise differentiation between S. parapneumo- 

iae and S. pneumoniae . 

ethods 

atient and strains 

Clinical specimens were collected and processed following stan- 

ard protocols outlined in a previous study [ 11 ]. The specimens 

ere cultured on sheep blood agar at 37 °C with 5% CO2 to obtain 

ll three isolates. Patients’ clinical data were obtained by retrieving 

nd analyzing clinical records provided by the hospital. 

The type strains of S. pneumoniae NCTC 7465T and S. mitis NCTC 

2261T were sourced from the Biological Resource Center of Insti- 
2

ut Pasteur, France. S. pseudopneumoniae PW931 was a clinical iso- 

ate. 

icrobiological methods and phenotypic characterizations 

Standard protocols outlined in a previous study were followed 

or bacterial cultures and phenotypic identification [ 12 ]. The API 

ystem (20 STREP) (BioMérieux, France) was utilized to identify the 

acterial isolate in this study. The direct transfer method was em- 

loyed to conduct MALDI-TOF MS, with modifications, using the 

icroflex LT system with MALDI Biotyper 4.1.80 with the MBT IVD 

ibrary DB Revision G (Bruker Daltonik) [13] . Antibiotic suscepti- 

ility testing was carried out using the E-test method for penicillin 

nd the Kirby-Bauer disk diffusion method for the other antibiotics. 

he results were interpreted based on the Clinical and Laboratory 

tandards Institute’s guidelines updated in 2024 [ 14 ]. 

6S. rRNA gene sequencing, sequence identity analyses, and 

hylogenetic analyses 

Bacterial DNA extraction, PCR, and sequencing of the 16S rRNA 

ene for the three case isolates of S. parapneumoniae were con- 

ucted following the methods described in a previous publica- 

ion [ 15 ]. The primer pair 5′ -GAGTTGCGAACGGGTGAG-3′ and 5′ - 
TTGTTACGACTTCACCC-3′ were used for the 16S rRNA gene (1,534 

p) PCR and DNA sequencing. To construct a 16S rRNA phyloge- 

etic tree, the obtained DNA sequences, along with those of closely 

elated species available in the mitis group, were subjected to pair- 

ise alignment using MEGA 11 (version 11.0.11). The substitution 

odels were tested, and a phylogenetic tree was constructed us- 

ng the maximum likelihood method in MEGA 11 (version 11.0.11) 

 16 ]. The phylogenetic analyses included 883 nucleotide positions 

f the 16S rRNA sequences. 

creening of S. parapneumoniae in bacterial isolates initially 

dentified as S. pneumoniae 

PCR screening method was employed to detect the presence of 

. parapneumoniae in archived bacterial isolates previously iden- 

ified as S. pneumoniae . A total of 385 archived bacterial iso- 

ates, originally identified as S. pneumoniae , were subjected to PCR 

creening using primers 5′ -AGGTGTTTTAAATAATGCGTC-3′ and 5′ - 
ATATTATCAAACTCTGGAC-3′ targeting a unique 560-bp region of 

 hypothetical protein gene specific to S. parapneumoniae but not 

ound in other closely related Streptococcus species. 

enome sequencing and hybrid genome assembly 

The genomes of the three case isolates were determined us- 

ng Illumina paired-end short read sequencing. For PW5782, an 

dditional Oxford Nanopore long-read sequencing (ONT) was per- 

ormed. Genomic DNA extraction and the Illumina DNA library 

reparation were performed as described previously [ 15 ]. The Il- 

umina DNA library was sequenced on a NovaSeq 60 0 0 instrument 

run type: PE151 bp). The ONT long-read library was prepared us- 

ng SQK-RAD004 rapid sequencing kit (Oxford Nanopore Technolo- 

ies, Oxford, UK) following the manufacturer’s instructions and se- 

uenced on a MinION sequencer. Unicycler v.0.4.8 was employed 

o assemble the Illumina and Oxford Nanopore MinION reads to 

btain the draft genomes. 

enome sequence analyses 

Intergenomic distances, represented by average nucleotide iden- 

ity (ANI) and digital DNA-DNA hybridization (dDDH), were calcu- 

ated between the proposed three isolates and the previously pub- 
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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 IO-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 10 0 0 

replicates. Names and nucleotide accession numbers are given as cited in GenBank. 
ished S. parapneumoniae SP4011T and reference strains of the clos- 

st related species. ANI and dDDH were performed using the web 

ervice available at https://www.ezbiocloud.net/tools/ani [ 17 ] and 

enome-to-Genome Distance Calculator v3.0 ( http://ggdc.dsmz.de/ 

istcalc2.php ), respectively. In addition to the three isolates, which 

ere sequenced completely as part of this study, the remain- 

ng complete genome sequences of six Streptococcus species were 

ownloaded from the National Center for Biotechnology Informa- 

ion (NCBI) databases (Supplementary Table S2). Genome charac- 

eristics, including the number of tRNA genes, rRNA genes, and 

oding sequences, were predicted using Prokaryotic Genome An- 

otation Pipeline (PGAP) provided by the NCBI [ 18 ]. The tRNA gene 

ounts were further validated with ARAGORN 1.2.41 [ 19 ]. The G + C

ontent was calculated directly from the genome sequence. 

hylogenomic characterization 

To determine the phylogenetic position of all four isolates of S. 

arapneumoniae among the current nine taxonomic groups within 

he genus Streptococcus [ 20 ] , a multigene-based phylogenomic ap- 

roach was employed. This approach involved the concatenation of 

ucleotide sequences from 92 bacterial core genes (Supplementary 

able S4). The alignment of the concatenated 92 core genes from 

5 Streptococcus genomes and one Lactococcus genome was gen- 

rated using the up-to-date bacterial core gene (UBCG) pipeline 

 https://www.ezbiocloud.net/tools/ubcg ) with default parameters, 

s described by Na et al. [ 21 ]. The Neighbor-joining tree was con-

tructed using MEGA 11 (version 11.0.11) [ 16 ]. 

ALDI-TOF MS analysis 

Bacterial isolates were processed according to the manufac- 

urer’s recommended direct transfer and ethanol–formic acid ex- 

raction protocols for MALDI-TOF MS [ 22 ]. A single isolated colony 

as inoculated directly onto the Main Spectrum Profile (MSP96) 

arget plate spot by the direct transfer method. The target plate 

as analyzed by the Bruker Microflex LT system. The protein pro- 

le of each spot with m/z values of 2,0 0 0–20,0 0 0 generated was

nalyzed by the MALDI Biotyper V.3.1 using the latest MBT IVD Li- 

rary (10,964 spectra for bacteria, 416 spectra for Streptococcus ). 

nly identification score > 2.0 indicated a reliable species-level 

dentification. 

Three S. parapneumoniae isolates, the S. pneumoniae type strain 

CTC 7465T , and 20 clinical S. pneumoniae isolates (with species 

dentities confirmed by genome sequencing) were subjected to 

pectral acquisition. The spectra were acquired using a Bruker Mi- 

roflex LT, equipped with a 60 Hz nitrogen laser operating in pos- 

tive linear mode over a mass range of 1,960-22,0 0 0 Daltons, with 

 FlexControlTM 3.4 software. The raw spectral data were auto- 

atically processed with MBT Compass Explorer software (version 

.1.80), which included smoothing, baseline subtraction, and inten- 

ity normalization to improve spectral quality. Spectra were then 

atched against reference spectra stored in the database; the li- 

rary included a total of 5,627 Streptococcus reference spectra, with 

xisting MSPs for S. pneumoniae . To further improve spectral qual- 

ty, FlexAnalysis was used to remove flat-line spectra and anoma- 

ous peaks [ 23 ]. 

irulence factors identification 

Protein coding regions of four isolates of S. parapneumoniae 

ere predicted, and automatic functional annotations were per- 

ormed using Prokka 1.14.0 [ 24 ]. Virulence genes were identified 

y comparing the predicted sequences against the Virulence Fac- 

or Database (VFDB) [ 25 ]. Virulence factors of five S. pneumoniae 
3

trains were retrieved directly from the VFDB. Comparative anal- 

sis of virulence factors between S. parapneumoniae and S. pneu- 

oniae was conducted based on functional annotations and se- 

uence homology of the protein sequences. Only virulence factors 

resent in all four S. parapneumoniae isolates and the five S. pneu- 

oniae strains were included in further analyses. The protein se- 

uences of virulence factors from S. parapneumoniae SP4011T were 

nalyzed using tBLASTn against the genomes of the five S. pneumo- 

iae strains. 

esults 

creening of S. parapneumoniae in archived bacterial isolates 

dentified as S. pneumoniae 

A total of 385 bacterial isolates initially identified as S. pneu- 

oniae and collected between 2016 and 2024 were screened for S. 

arapneumoniae using PCR with specific primers. Among these iso- 

ates, three samples (0.78%) tested positive for S. parapneumoniae . 

equence analysis of the positive samples revealed that they were 

00% identical and showed 100% nucleotide identity to a hypothet- 

cal protein gene sequence of S. parapneumoniae SP4011T . 

atient information 

The three putative S. parapneumoniae isolates recovered from 

 66-year-old man, an 86-year-old woman, and a 63-year-old 

oman, who all came to Hong Kong public hospitals for treatment 

ith respiratory infection. The first two cases were in 2016, and 

he third case was in 2023. Following 24 hours of incubation, a 

ram-positive, aerobic, non-sporulating coccus was isolated from 

he sputum of the above three patients, referred to as PW5782, 

W7223, and PW7224. Upon further review of the clinical history, 

here were no indications of nosocomial infections. All three pa- 

ients developed community-acquired pneumonia prior to hospital 

dmission. 

ALDI-TOF MS identification and phenotypic characterizations 

MALDI-TOF MS identified the three putative S. parapneumoniae 

solates (PW5782, PW7223, and PW7224) as S. pneumoniae , with a 

core of 2.17, 2.10, and 2.16, respectively. All three isolates grew on 

heep blood agar as α-hemolytic and grey colonies of 0.5-1 mm in 

iameter after 24 hours of incubation at 37 °C in an aerobic envi- 

onment (Supplementary Figure S1). Growth enhancement was ob- 

https://www.ezbiocloud.net/tools/ani
http://ggdc.dsmz.de/distcalc2.php
https://www.ezbiocloud.net/tools/ubcg
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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 NCTC7465T (pink). Virulence genes shared by both species are annotated 

in the figure. (c) Virulence genes common to S. parapneumoniae and S. pneumoniaea in the annotated genome. 

UBCG, up-to-date bacterial core gene. 
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erved for all three case isolates under 5% CO2 conditions at 37 °C. 

o growth was observed in the presence of 6.5% NaCl. Further- 

ore, similar to the typical features of S. pneumoniae , the three 

solates demonstrated sensitivity to optochin and were bile sol- 

ble. They were also resistant to bacitracin. Detailed biochemical 

rofiles of the isolates and S. pneumoniae are presented in Supple- 

entary Table S1. The antibiotic susceptibility test results showed 

hat all three isolates were sensitive to chloramphenicol and van- 

omycin, but resistant to penicillin, erythromycin, co-trimoxazole, 

evofloxacin, and clindamycin. 

olecular characterizations 

PCR amplification of the 16S rRNA gene of the three iso- 

ates (PW5782, PW7223, and PW7224) yielded DNA products with 

engths of approximately 1,500 bp. The three isolates had the same 

6S rRNA gene sequence and were identical to the type strain 

f S. parapneumoniae SP4011T . The next closest species was S. 

seudopneumoniae CCUG 49455T with a 99.93% nucleotide iden- 

ity. They shared 99.48% nucleotide identities with S. pneumoniae 
4

CTC 7465T . The 16S rRNA phylogenetic tree of S. parapneumoniae 

nd other representative species in the mitis group is shown in 

igure 1 . 

omparative genomic characterizations 

Genome sequencing was performed to confirm the species 

dentities of the three isolates (PW5782, PW7223, and PW7224). 

sing both Illumina and Nanopore reads generated four con- 

igs for PW5782, with a total genome size of 2,273,213 bp 

N50 = 1,532,916 bp, 595 × coverage) and an average G + C con- 

ent of 39.73%. The de novo assembly using Illumina reads gen- 

rated 31 and 38 contigs for PW7223 and PW7224 of 2,235,223 

p and 2,260,293 bp with 39.73% and 39.77% G + C content, re- 

pectively. The contigs of all three isolates were submitted to the 

CBI Prokaryotic Genome Annotation Pipeline (PGAP) for anno- 

ation, with results provided in Supplementary Table S2. The re- 

ults of phylogenetic analysis using 92 core genes are summarized 

n Figure 2 a. An in-silico genome-to-genome comparison showed 

hat all three isolates were highly related to each other (ANI of 
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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 7465T . 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 7465T (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. 
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9.74-100%) and were also most closely related to the published S. 

arapneumoniae SP4011T (ANI of 99.76-99.97%), falling within the 

pecies boundary threshold (ANI > 95%). The next closest Strep- 

ococcus species was S. pseudopneumoniae (ANI of 93.99-94.19%). 

hese results confirmed that all three isolates in this study were 

lassified as members of S. parapneumoniae species. Further com- 

arative genomic analyses using digital DNA-DNA hybridization 

dDDH) with other closest species also supported the classification 

f the three isolates as typical of members of S. parapneumoniae 

Supplementary Table S3). 

To elucidate the taxonomic position of the S. parapneumoniae 

solates among the genus Streptococcus, a multigene-based phy- 

ogenomic analysis was performed. The tree based on the con- 

atenated nucleotide sequences of 92 bacterial core genes showed 

hat the four isolates of S. parapneumoniae , including the type 

train published previously, clustered with members of the mitis 

roup. The mitis group currently includes some medically impor- 

ant pathogens such as S. pneumoniae, S. pseudopneumoniae , and 

. mitis , forming a distinct and well-supported phylogenetic clade. 

he tree was also able to recover members of the remaining eight 

axonomic groups, including bovis, gordonii, mutans, pluranimal- 

um, pyogenic, salivarius, sorbrinus, and suis ( Figure 2 a), as de- 

cribed in previous studies [ 11 ]. 

irulence genes shared between S. parapneumoniae and S. 

neumoniae 

S. parapneumoniae shares many of the same virulence factors 

s S. pneumoniae , enabling it to colonize the upper respiratory 

ract and progress to lower respiratory tract infection (i.e., pneu- 

onia), and possibly to invasive bacteremia, as in the case of 

he isolate previously reported from Japan. The genomes of all 

hree isolates identified in this study contains homologs of sev- 

ral virulence genes found in S. pneumoniae , including phospho- 

ylcholine esterase CbpE ( cbpE ), Rqc2 family fibronectin-binding 

rotein PavA ( pavA ), cholesterol-dependent cytolysin pneumolysin 

 ply ), N-acetylmuramoyl-L-alanine amidase LytA ( LytA ), serine pro- 
5

ease HtrA ( htrA ), sortase SrtA ( srtA ), and metal ABC transporter 

ubstrate-binding lipoprotein/adhesin PsaA ( psaA ); these genes are 

nown to be involved in adhesion, exotoxin, exoenzyme, or nutri- 

ional/metabolic factor ( Figure 2 b and c) [ 26–28 ]. The protein iden-

ity values for the matches are presented in Figure 2 c. 

ass spectra analysis 

MALDI-TOF MS and conventional laboratory biochemical tests 

ould not distinguish between S. parapneumoniae and S. pneumo- 

iae ; mass spectral analysis was performed to identify any spectral 

eaks that could distinguish between the two species. The MSP of 

. pneumoniae NCTC 7465T was used as a reference, and the three 

. parapneumoniae isolates were compared with it one by one us- 

ng MBT Compass (Bruker Daltonik GmbH, Bremen, Germany). The 

esults showed that three S. parapneumoniae isolates had different 

atching degrees with MSP of S. pneumoniae ( Figure 3 a) and ob- 

ained log scores of 2.11, 2.22, and 2.29, respectively. Comparison 

f MSP of the three S. parapneumoniae isolates and 50 S. pneu- 

oniae isolates (comprising 30 isolates from the Bruker database 

nd 20 isolates with species identity confirmed by WGS) identi- 

ed two discriminatory peaks of m/z 6,399 and m/z 6,960 ( Table 1 ,

igure 3 b). These two spectra peaks were present in the three S. 

arapneumoniae isolates and absent in all 50 S. pneumoniae isolates 

 Table 1 , Figure 3 b). 

iscussion 

The recent discovery of S. parapneumoniae as a novel species 

ithin the mitis group underscores the ongoing challenges in dif- 

erentiating closely related streptococci, particularly those with 

verlapping phenotypic and biochemical profiles such as S. pneu- 

oniae . In this study, we identified three clinical isolates of S. para- 

neumoniae in Hong Kong, shortly after the first report of this 

pecies ( S. parapneumoniae SP4011T ) in Japan in 2024 [ 10 ]. These 

solates, alongside the Japanese type strain, were initially misiden- 

ified 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. 

Isolates Sources m/z value [Da] a 

4,033 4,043 4,199 6,399 6,511 6,621 6,635 6,890 6,960 8,394 8,431 

S. parapneumoniae PW5782 Clinical isolate N N N Y N N Y N Y N Y 

S. parapneumoniae PW7223 Clinical isolate N N N Y N N Y N Y Y Y 

S. parapneumoniae PW 7224 Clinical isolate N N N Y N N Y N Y N Y 

S. pneumoniae PW5776 Clinical isolate N N N N N N N N N N N 

S. pneumoniae PW5777 Clinical isolate N N N N N Y N N N N N 

S. pneumoniae PW5778 Clinical isolate Y N N N N Y N N N N N 

S. pneumoniae PW5779 Clinical isolate N N N N N N N N N N N 

S. pneumoniae PW5788 Clinical isolate N N Y N N N N N N N N 

S. pneumoniae PW5789 Clinical isolate N N Y N N N N N N N N 

S. pneumoniae PW5790 Clinical isolate N N N N Y N N N N N Y 

S. pneumoniae PW5791 Clinical isolate N N N N Y N N N N N Y 

S. pneumoniae PW5792 Clinical isolate N N N N N N N N N N N 

S. pneumoniae PW5793 Clinical isolate N N N N N N N N N N N 

S. pneumoniae PW5794 Clinical isolate N N N N N N N N N N N 

S. pneumoniae PW7242 Clinical isolate N N N N N N N Y N N N 

S. pneumoniae PW7243 Clinical isolate N Y N N N Y N N N N N 

S. pneumoniae PW7244 Clinical isolate Y N N N Y Y N N N N Y 

S. pneumoniae PW7245 Clinical isolate N N Y N N N N N N Y N 

S. pneumoniae PW7247 Clinical isolate N Y Y N N N N Y N Y N 

S. pneumoniae PW7250 Clinical isolate N N N N Y N N N N N Y 

S. pneumoniae PW7252 Clinical isolate N N Y N N N N N N Y N 

S. pneumoniae PW7268 Clinical isolate N N Y N N N N N N Y N 

S. pneumoniae PW7269 Clinical isolate N N Y N Y N N N N N N 

S. pneumoniae ATCC 49619 Bruker database Y N Y N Y Y N Y N Y N 

S. pneumoniae bes St 29 THL Bruker database Y N N N N N N N N Y Y 

S. pneumoniae DSM 11865 Bruker database N Y Y N N N Y Y N Y N 

S. pneumoniae DSM 11866 Bruker database N Y N N N Y N Y N N N 

S. pneumoniae DSM 11868 Bruker database N Y Y N N Y N Y N Y N 

S. pneumoniae DSM 14377 Bruker database N Y N N Y N Y N N N N 

S. pneumoniae DSM 14378 Bruker database Y N Y N N Y N N N Y N 

S. pneumoniae DSM 20566T Bruker database N N Y N Y Y Y N N Y N 

S. pneumoniae NRZ 22582 Bruker database N N Y N N N N Y N Y N 

S. pneumoniae NRZ 22589 Bruker database Y N N N N N N Y N Y N 

S. pneumoniae NRZ 22904 Bruker database N N N N N N Y Y N Y N 

S. pneumoniae NRZ 23033 Bruker database Y N Y N N Y N Y N Y N 

S. pneumoniae NRZ 23311 Bruker database Y N Y N N N N Y N Y N 

S. pneumoniae NRZ 23321 Bruker database N N Y N N N N Y N Y N 

S. pneumoniae NRZ 23346 Bruker database N Y Y N N Y N Y N Y N 

S. pneumoniae NRZ 28221 Bruker database N N Y N N N Y Y N Y N 

S. pneumoniae NRZ 29853 Bruker database Y N Y N N N Y Y N Y N 

S. pneumoniae NRZ 29861 Bruker database Y N Y N N N N Y N Y N 

S. pneumoniae NRZ 30494 Bruker database N Y Y N N N N Y N Y N 

S. pneumoniae NRZ 31870 Bruker database Y N Y N N N N Y N Y N 

S. pneumoniae NRZ 49091 Bruker database N N Y N N N Y Y N Y N 

S. pneumoniae 15116113201 LMH Bruker database N N Y N N N N Y N Y N 

S. pneumoniae V17_2011100 MUZ Bruker database N Y Y N N N N Y N Y N 

S. pneumoniae V17_2011122 MUZ Bruker database Y N Y N Y N N N N Y N 

S. pneumoniae V17_201192 MUZ Bruker database N N N N N N N Y N N N 

S. pneumoniae V17_201193 MUZ Bruker database N Y N N N N Y N N N N 

S. pneumoniae V17_201194 MUZ Bruker database N N Y N N N N Y N Y N 

S. pneumoniae V17_201197 MUZ Bruker database Y N Y N N N N Y N Y N 

S. pneumoniae V17_201198 MUZ Bruker database N N Y N N Y N Y N Y N 

S. pneumoniae V17_201199 MUZ Bruker database N N Y N N N N N N Y N 

a N, absence of peak; Y, presence of peak at a given m/z value. 

MALDI-TOF MS, matrix-associated laser desorption/ionization time-of-flight mass spectrometry; MSP, Main Spectrum Profile. 
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ystemic limitations in current diagnostic workflows. MALDI-TOF 

S identified the three isolates as S. pneumoniae with a score ex- 

eeding 2.0. Phenotypically, the isolates closely resembled S. pneu- 

oniae in key tests such as α-hemolysis, optochin sensitivity, and 

ile solubility, further complicating their differentiation. Subse- 

uent genomic analysis confirmed that these three isolates should 

e classified as S. parapneumoniae based on ANI and dDDH val- 

es that unequivocally placed them within the species boundary 

Supplementary Table S3). Although no additional S. parapneumo- 

iae strains have been reported at the time of writing, our find- 

ngs suggest that clinical isolates previously identified as S. pneu- 

oniae may, in fact, be S. parapneumoniae . The specificity of our 
6

esigned hypothetical protein gene primers for detecting S. parap- 

eumoniae may offer a potential rapid molecular tool for targeted 

creening. However, further validation is required to confirm its 

pecificity and sensitivity using a larger collection of S. pneumoniae 

nd closely related streptococci, including mitis group species. 

The clinical and epidemiological implications of the present 

ndings are significant. All three S. parapneumoniae isolates in 

ong Kong were recovered from patients with respiratory infec- 

ions (bronchitis or pneumonia), with one patient exhibiting un- 

erlying comorbidity. These cases occurred in 2016 and 2023, with 

o travel history reported prior to symptom onset. This temporal 

istribution, combined with the recent identification of S. para- 
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Figure 4. Proposed identification scheme for differentiating Streptococcus parapneu- 

moniae from Streptococcus pneumoniae . 

1. Characteristics of α-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. 
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neumoniae SP4011T in Japan in 2024 [ 10 ], suggests the global 

resence of this species for nearly a decade, potentially caus- 

ng both respiratory and invasive infections akin to S. pneumo- 

iae . The Japanese case, involving an older adult individual with 

etabolic syndrome who developed bacteremia secondary to acute 

yelonephritis [ 10 ], underscores the pathogenic potential of S. 

arapneumoniae across diverse patient populations, including both 

mmunocompromised and immunocompetent individuals. Indeed, 

enomic comparisons have revealed shared critical virulence genes 

etween S. parapneumoniae and S. pneumoniae, involved in adhe- 

ion (e.g., cbpE, and pavA genes), invasion (e.g., lytA, htrA and srtA 

enes), immune evasion (e.g., psaA genes), and toxin release (e.g., 

ly genes) ( Figure 2 b and c). These shared pathogenic mechanisms 

ikely account for the overlapping clinical syndromes associated 

ith S. pneumoniae . Notably, all four S. parapneumoniae isolates, in- 

luding the type strain S. parapneumoniae SP4011T , exhibited mul- 

idrug resistance and levofloxacin resistance, which is not common 

mong S. pneumoniae isolates in Hong Kong. This resistance pat- 

ern, uncommon in local S. pneumoniae isolates 0-4.4% in recent 

urveillance [ 29 ], raises concerns that such misidentification could 

istort local antimicrobial resistance surveillance data of S. pneu- 

oniae and lead to inappropriate empiric therapy. 

The utilization of spectral peaks analysis-based identification 

as shown to be a promising approach for distinguishing between 

. parapneumoniae and S. pneumoniae . MALDI-TOF MS, a rapid, 

ost-effective, and high-throughput diagnostic technology widely 

dopted in clinical microbiology, has significantly contributed to 

acterial identification over the past decade [ 30 ]. Although MALDI- 

OF MS has demonstrated success in differentiating some species 

ithin the S. mitis group that bear close resemblance to S. pneumo- 

iae [ 31 ], concerns regarding its specificity persist [ 32 ]. For exam- 

le, Yahiaoui et al. have highlighted the limitations of the Bruker 
7

atabase in accurately identifying S. pneumoniae , with over 50% 

f non-pneumococcal isolates being misidentified [ 32 ]. This lack 

f specificity is attributed to the low phylogenetic resolution of 

ALDI-TOF MS systems, which only capture a small fraction of 

he microbial proteome in whole-cell spectra [ 32 ]. In this study, 

e encountered a similar challenge of misidentification within the 

itis group, despite ongoing updates to reference databases. Of 

he 385 pneumococcal isolates screened, three were misidentified, 

ighlighting the current limitations of MALDI-TOF spectral libraries 

n effectively resolving species within the mitis group. Previous 

tudies showed that mass spectral analysis offers improved reso- 

ution for bacterial identification [ 30 , 31 ], prompting us to create 

SPs of the three isolates using a full extraction protocol with 

0 replicates to reveal distinct profiles between S. parapneumoniae 

nd S. pneumoniae . We further compared these three isolates with 

0 additional S. pneumoniae isolates and identified two character- 

stic peaks at m/z 6,399 and m/z 6,960 that can accurately distin- 

uish the two species ( Figure 3 b, Table 1 ). These peaks represent

otential biomarkers for enhancing MALDI-TOF databases, enabling 

apid and accurate differentiation between S. parapneumoniae and 

. pneumoniae ( Figure 4 ). Further research is warranted to validate 

he findings by expanding the study to include a broader range of 

trains of S. parapneumoniae, S. pneumoniae , and other closely re- 

ated streptococci, particularly those within the mitis group. 

onclusion 

In conclusion, this study identified three S. parapneumoniae iso- 

ates from patients with respiratory infections in Hong Kong, fol- 

owing the initial report of this novel species in Japan in 2024. 

imilar to the first strain in Japan, all isolates were initially 

isidentified as S. pneumoniae . The resistance of these isolates to 

evofloxacin, uncommon in local S. pneumoniae isolates, raises con- 

erns about the distortion of local antimicrobial resistance surveil- 

ance data and the risk of inappropriate empiric therapy. The uti- 

ization of spectral peak analysis for distinguishing between S. 

arapneumoniae and S. pneumoniae shows promise to improve di- 

gnostic accuracy in clinical microbiology. Further research is war- 

anted to understand the global prevalence and distribution of this 

merging pathogen. 
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