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Objectives: It is feared that the serotype replacement of Streptococcus pneumoniae occurred by the introduction of 

pneumococcal vaccines as periodical inoculation leads to reduced efficacy of the approved vaccines and altered 

antimicrobial susceptibility. 

Methods: We determined serotypes of 351 S. pneumoniae isolates collected at a commercial clinical laboratory 

in Hokkaido prefecture, Japan, from December 2018 to February 2019 by using the polymerase chain reaction 

procedure of the US Centers for Disease Control and Prevention. Antimicrobial susceptibility and resistance gene 

profiles were also examined. 

Results: Vaccine coverage rates were 7.9% for 13-valent conjugate vaccine, and 32.5% for 23-valent polysaccha- 

ride vaccine, respectively. Non-typable strains were 19.7%. cpsA -positive isolates (group I), and null capsule clade 

(NCC)1, NCC2 and NCC3 (group II) comprised 31.3%, 28.4%, 32.8%, and 7.5% of the 69 non-typable strains, re- 

spectively. No penicillin-resistant/intermediate isolates were found; however, serotypes 35B and 15A/F showed 

low susceptibility to 𝛽-lactams. Only five strains (1.4%) were levofloxacin-resistant, and all were from the older 

persons, and three strains were serotype 35B. 

Conclusion: The progression of serotype replacement in non-invasive pneumococcal infections has occurred dur- 

ing the post-vaccine era in Japan, and non-encapsulated isolates, such as NCC, have increased. Antimicrobial 

susceptibility is not worsened. 
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Streptococcus pneumoniae is a major causative agent of community

neumonia in the older persons and of upper respiratory infectious dis-

ases, such as acute otitis media and sinusitis, in children. Invasive infec-

ions, such as meningitis and sepsis, often occurs. Pneumococcus colo-

izes in the nasopharyngeal cavity of healthy children, and the colonized

acteria are the source of infections [1] . 

Pneumococcus is classified into more than 100 serotypes based on

he diverse structures of the capsular polysaccharides [2] . The capsular
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olysaccharides are a major pathogenic factor that mediate resistance

o host complement, whereas they also act as a protective antigen by

liciting production of antibodies that trigger opsonophagocytosis by

ost immune cells. Two types of pneumococcal vaccines, the 13-valent

onjugate vaccine (PCV13) and the 23-valent polysaccharide vaccine

PPSV23) are approved for routine vaccination of infants and the older

ersons, respectively, in Japan. The introduction of PCV13 and its proto-

ype 7-valent conjugate vaccine (PCV7) for children led to a reduction in

nvasive pneumococcal infections not only in children but also in adults

nd the older persons via herd immunity [3] . However, pneumococcal
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Table 1 

Genotypes of cpsA -negative non-typable (group II non-typable) strains. 

Genes present Null capsule 

clade (NCC) 

Number of 

strains 
pspK aliC aliD lytA 

+ - - + NCC1 19 

- + + + NCC2 22 

- - + + NCC3 3 

- - + - NCC3 2 
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3  
nfections occurred by strains of non-vaccine serotypes have been in-

reasing, and the phenomenon is known as the serotype replacement

4–6] . 

In addition, non-typable (NT), namely, non-capsulated strains, have

een identified [ 7 , 8 ]. Group I NT isolates carry csp locus, and the locus

s similar to that of conventional encapsulated isolates; however, the lo-

us is unfunctional to generate capsular polysaccharides [7] . Group II

T isolates, which lack a cps locus, are classified into three null cap-

ule clades (NCC): NCC1, NCC2, and NCC3. NCC1 carries the pspK gene

nstead of the cps locus. pspK encodes pneumococcal surface protein K,

hich allows bacteria to adhere to host epithelial cells before nasopha-

yngeal colonization [9] . NCC2 shares both aliC and aliD , and NCC3

hares aliD only [ 7 , 8 ]. aliC and aliD encode oligopeptide transporters,

hich regulate expression of several genes, including the gene encod-

ng choline-binding protein AC (CbpAC). Cell surface expression of Cb-

AC mediated by AliC and AliD protects cells against deposition of C-

eactive protein (CRP), C1q, and C3b, thereby escaping opsonophago-

ytosis [10] . These activities are considered to compensate for capsular

unctions. 

In the present study, we examined the serotype distribution and an-

imicrobial susceptibility of S. pneumoniae isolates obtained from pa-

ients with non-invasive infections in 2018-2019 in Hokkaido prefec-

ure, Japan. A gold standard procedure for serotype determination of S.

neumoniae is the capsular quellung test; however, this method is labori-

us and expensive. In this study, we used a multiplex polymerase chain

eaction (PCR) procedure distributed by the Centers for Disease Control

nd Prevention (CDC; Atlanta, GA) of the US. 

ethods 

acteria 

In total, 351 clinical isolates of S. pneumoniae isolated between De-

ember 2018 to February 2019 and stocked in Hokkaido Laboratory,

RL, Inc. (Sapporo, Japan) were analyzed. The clinical samples were

rom the patients who visited the community clinics and hospitals of oto-

aryngology, pediatrics, and internal medicine. Analysis of multiple iso-

ates derived from the same patients was avoided. The laboratory serves

lmost all areas of Hokkaido prefecture, but the strains used were col-

ected mainly from the Sapporo district. Identification of S. pneumoniae

as carried out using MicroScan WalkAway (Beckman Coulter, Tokyo,

apan). 

etermination of serogroup/serotype and resistance genes 

Serotypes/serogroups were determined using a multiplex PCR pro-

edure distributed by the CDC of the US. The protocol for the multiplex

CR —S. pneumoniae SEROTYPING —clinical specimens and pneumococ-

al isolates (USA set) was obtained from the CDC website [11] . The pro-

ocol comprises a conventional multiplex PCR assay using 41 primer

airs for detection of 70 pneumococcal serotypes [12] . 

The PCR of respective genes [and their primer names] were per-

ormed as described previously; lytA [Aly3 and Aly4] [13] , ermB

ERM721S and ERM922R], mefE [MEF180S and MEF562R] [14] , cpsA

5202 and 3202], aliC [5433 and 3433], aliD [5434 and 3434], and pspK

5743 and 3743] [8] . lytA is a marker of S. pneumoniae [13] . The entire

oding region of pspK was amplified by PCR using primer pair: pspK-

ullF: ATGAATAATAAGAATATCATCCCGAT, pspK-fullR: CTAATTTT-

ATGTTTAACAAATGGAAGA. Mutations in the quinolone resistance de-

ermining region (QRDR) of topoisomerase IV and DNA gyrase were ex-

mined by PCR, followed by direct sequencing, as previously described

15] . DNA sequencing was carried out at Hokkaido System Science Co.,

td. (Sapporo, Japan). 

PCR was performed using the KAPATaq Extra HotStart Ready Mix

ith dye (Nippon Genetics, Tokyo, Japan). The PCR products were an-
106 
lyzed by agarose electrophoresis, followed by ethidium bromide stain-

ng. pHY markers (Takara Bio, Kusatsu, Japan) and 100 bp DNA Ladder

LUS (Nippon Genetics) were used as size markers. 

ntibiotic susceptibility testing 

The minimum inhibitory concentrations (MICs) of antibiotics were

etermined by a broth microdilution method using Dryplate 96 (Eiken,

okyo, Japan) and the MicroScan WalkAway. Susceptibility was deter-

ined according to the guidelines of the Clinical and Laboratory Stan-

ards Institute (CLSI) [16] . Breakpoints were according to CLSI [16] and

he European Committee on Antimicrobial Susceptibility Testing (EU-

AST) [17] . 

nhibition of efflux pumps 

To evaluate the effect of efflux pumps on the fluoroquinolone resis-

ance, MICs were determined in the presence (10 𝜇g/ml) or absence of

eserpine (Daiichi Sankyo, Tokyo, Japan) [18] . 

esults 

etails of isolates 

In total, 351 isolates were examined. These were originated from

asal discharge (n = 314), sputum (n = 18), pharyngeal mucus (n = 17),

asal cavity (n = 1), and otorrhea (n = 1). Regarding gender, 182 pa-

ients were male, 151 were female, and 18 were unknown. Age ranged

-4 (n = 218), 5-9 (n = 76), 10-29 (n = 9), 30-49 (n = 12), 50-69 (n = 5),

 70 (n = 17), and unknown (n = 14). 

erotype and genotype of NT isolates 

Among the 351 isolates examined, 282 isolates were typed serotypes

y PCR using the CDC protocol ( Figure 1 ). Vaccine coverage rates were

.28% for PCV7, 7.9% for PCV13, and 32.5% for PPSV23, respectively.

nly one isolate was serotyped as 19F, which is included in PCV7. With

espect to serotypes included in PCV13 other than PCV7, 16 and 8 iso-

ates were serotyped as 3 and 19A, respectively. Strains of serotypes

ncluded in PPSV23 (other than those including PCV13) were 89 strains

25.4%), and major serotypes were 15B/C, 11A/D, 10A, and 33F/A/37.

trains of serotypes not included in the approved vaccines were 169

trains (47.9%), and major serotypes were 23A, 34, 15A/F, 21, 35B,

nd 31. 

Among the remaining 69 isolates, 23 were positive for cpsA , but any

erotypes were not detected by the multiplex PCR ( Figure 1 ). Among

he other 46 cps -negative isolates, namely NCC,19 isolates were pspK -

ositive (NCC1), 22 were positive for both aliC and aliD (NCC2), and

ve were positive for only aliD (NCC3) ( Table 1 ). The sizes of pspK gene

aried among isolates. Agarose electrophoresis revealed that the full-

ength pspK PCR products were 1-2k base pairs in size ( Figure 2 ). 

All strains (14/14) of serotype 3, and 75.0% strains (6/8) of serotype

3F/A/37 appeared colonies with mucoid phenotype on the agar plates.
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Figure 1. Serotype distribution of Streptococ- 

cus pneumoniae isolated from patients with 

non-invasive infections in 2018-2019. 

Underlining denotes the serotypes included 

in each vaccine. PPSV23 does not include 

serotype 6A. 

NCC, Null capsule clade; PCV7, 7-valent conju- 

gate vaccine; PCV13, 13-valent conjugate vac- 

cine; PPSV23, 23-valent polysaccharide vac- 

cine. 

Figure 2. Full sizes of pspK coding region determined by polymerase chain reaction with agarose gel electrophoresis 

Full length of pspK polymerase chain reaction products were analyzed by 1%(w/v) agarose gel electrophoresis. The pHY marker was used as a size marker; the 

numbers on the left refer to x 10 3 base pairs. The numbers above the gel denote strain names. 

Std, size marker. 
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The antimicrobial susceptibility of all isolates and specific serotypes

s shown in Table 2 and Figure 3 , respectively. No penicillin-G-

esistant/intermediate according to CLSI breakpoint strain was found.

owever, 32.2% of strains showed resistance to penicillin G according

o the CLSI and EUCAST breakpoint for meningitis. Only a few strains

f resistant/intermediate to clavulanic acid/amoxicillin and cephem

ntibiotics tested other than cefotiam were observed. Strains of two

0.6%) resistant according to CLSI and EUCAST breakpoint and 27

7.7%) intermediate according to CLSI breakpoint to meropenem were

dentified. With respect to 𝛽-lactam antibiotics, isolates of serotypes

5B and 15A/F contained frequently less susceptible isolates to peni-

illin G, meropenem, and amoxicillin/clavulanic acid. In addition,

solates of 23A also contained less susceptible strains to penicillin

 ( Figure 3 ). 
107 
More than 70% and approximately 40% of all isolates were resistant

o erythromycin and clindamycin, respectively. Approximately 80% of

trains shared either one or both ermA or mefE genes, and almost all

trains carrying either gene were resistant to erythromycin (Supplemen-

ary material S1). All clindamycin-resistant isolates shared ermA , but

nly 37% of ermA -positive isolates were susceptible to clindamycin. 

Approximately 27% and 28% of strains were resistant and in-

ermediate according to CLSI breakpoint to minocycline, respec-

ively. According to EUCAST breakpoint, 78.3% were resistant to

inocycline. 

Only five isolates (1.4%) were resistant to levofloxacin; all were ob-

ained from older patients (i.e., aged > 62 years). Three isolates iden-

ified as serotype 35B, and commonly shared S79F in ParC and S81F

n GyrA as resistant mutations (Supplementary material S2). The occur-

ence rate of levofloxacin-resistance in serotype 35B was 14.3% (3/21

trains). One levofloxacin-resistant serotype 15A isolate shared S81F
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Figure 3. Cumulative antibiotic MIC curves for each serotype 

The serotypes and genotypes of NT strains detected in more than ten isolates are shown. 

I, intermediate; MIC, minimum inhibitory concentration; NT, non-typable; R, resistant; R(m), resistant for meningitis; S, susceptible; S(m): susceptible for meningitis. 

These breakpoints are defined according to the Clinical and Laboratory Standards Institute guideline [16] . 

108 
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Table 2 

Antimicrobial susceptibility of Streptococcus pneumoniae clinical isolates. 

Drug Number of isolates (percentages of total isolates) 

Resistant Intermediate Susceptible 

Penicillin G (non-meningitis) 0 (0%) 0 (0%) 351 (100%) 

Penicillin G (meningitis) 113 (32.2%) - 238 (67.8%) 

Cefotiam 33 (9.4%) 19 (5.4%) 299 (85.2%) 

Cefotaxime 1 (0.3%) 1 (0.3%) 349 (99.4%) 

Cefepime 0 (0%) 1 (0.3%) 350 (99.7%) 

Ceftriaxone 0 (0%) 3 (0.9%) 348 (99.1%) 

Cefozopran 0 (0%) 4 (1.1%) 347 (98.9%) 

Clavulanic acid/amoxicillin 0 (0%) 2 (0.6%) 349 (99.4%) 

Meropenem 2 (0.6%) 27 (7.7%) 322 (91.7%) 

Erythromycin 258 (73.5%) 13 (3.7%) 80 (22.8%) 

Azithromycin 243 (69.2%) 23 (6.9%) 85 (24.2%) 

Clindamycin 140 (39.9%) 7 (2.0%) 204 (58.1%) 

Minocycline 97 (27.6%) 98 (27.9%) 156 (44.4%) 

Chloramphenicol 11 (3.1%) - 340 (96.9%) 

Levofloxacin 5 (1.4%) 0 (0%) 346 98.6%) 

Sulfamethoxazole/trimethoprim 0 (0%) 38 (10.8%) 313 (89.2%)) 

Vancomycin - - 531 (100%) 

Breakpoints are determined according to the Clinical and Laboratory Standards Institute guideline [16] . 

-, Not defined. 
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n GyrA as a resistant mutation, and S114G in GyrA, and I460V and

475K in ParE, which amino acid residues are observed in oral strepto-

occi [19] . One levofloxacin-resistant serotype 19A isolate did not de-

ect known resistant mutation(s) in QRDRs, whereas the levofloxacin

IC was reduced (8 to 2 mg/ml) in the presence of the efflux pump

nhibitor, reserpine. 

No isolates resistant to vancomycin and sulfamethoxa-

ole/trimethoprim (ST) were observed; however, 3.4% of isolates

howed intermediate according to CLSI breakpoint to ST. Of these

T-intermediate isolates, 82% (31/38) were serotypes 35B, 31 and

4F/A/B, and NCC1. 

iscussion 

The present study examined the serotype distribution and antibiotic

usceptibility of S. pneumoniae strains isolated from patients with non-

nvasive infections between 2018 to 2019 in Japan. The introduction of

neumococcal vaccines caused serotype replacement similar to previ-

us observations [4–6] . With respect to the vaccine serotypes in PCV13,

erotype 3, which is mucoid phenotype and associated with invasive

nfections, especially in adults [20] , was the most dominant serotype

f PCV13, and this phenomenon was also observed in other studies

 5 , 21 , 22 ]. Among the non-vaccine serotypes, 15A, 23A, 6C, and 35B are

he top four detected in the post-vaccine era in Japan [ 5 , 21 , 22 ]; of these,

5A, 23A, and 35B show low susceptibility to penicillin G [ 21 , 23 ]. Con-

istent with the previous studies, we also found that serotypes 15A/F

nd 35B were less susceptible to 𝛽-lactams, including carbapenem. In

ddition, serotype 23A showed reduced susceptibility to penicillin G.

lthough fluoroquinolone-resistant strains were rare (found in only five

solates), three and one of these were serotype 35B and 15A/F, respec-

ively. In addition, 14.3% of 35B isolates were resistant to levofloxacin.

ll levofloxacin-resistant isolates were isolated from older persons and

ot from children, and the trends did not alter before the introduction

f periodical vaccination [19] , even after tosufloxacin was approved for

hildren in 2018 in Japan. 

Serotype 35B has emerged and expanded in various regions of the

orld, including Japan [ 5 , 6 , 22–24 ]. The increase is indicated to be due

o clonal expansion of clonal complex (CC) 558, which is less susceptible

o 𝛽-lactam antibiotics, and carries transposons containing macrolide-

nd tetracycline-resistant genes [25] and rrgC gene encoding an adhesin

ilus-1 [23] . 

Resistant rates of erythromycin and clindamycin were very high,

hereas those were low only in serotypes 21 and 31. Although resis-
109 
ant rates of clindamycin were low in serotypes 34 and 35B, those of

rythromycin were high. High prevalence of macrolide resistance is ob-

erved pre- and post-vaccine era in Eastern Asian countries, such as

hina, Japan, and Korea, and this is indicated to be closely associated

ith antibiotic use [26] . 

A significant proportion of stains (69 isolates; 19.7% of total ones)

ere not able to identify serotypes. Approximately one-third (33.3%) of

hese shared the cpsA gene. This suggests that these are either capsule-

earing bacteria whose serotypes were not detectable using the PCR

ystem used in this study, or non-encapsulated bacteria with an unfunc-

ional cps gene (i.e., group I NT). Another one-third (27.5%) of these

ere NCC1, which carries the pspK gene. The sizes of pspK coding region

aried ( Figure 2 ), and this should be due to differences in the number

f repeating motifs [(E)EEAK(R/Q)KA] [27] . This suggests the spread of

lural NCC1 clones during the post-vaccine era. The remaining one-third

31.9%) were NCC2 ( aliC + / aliD + ), with the remainder comprising sev-

ral isolates (7.2%) of NCC3 ( aliC -/ aliD + ). Two strains of NCC3 were

egative for lytA , a marker of S. pneumoniae . Phylogeny suggests that

CC3 is linked closely with Streptococcus pseudopneumoniae and Strepto-

occus mitis [8] . The antimicrobial susceptibility of NCC 1, 2, and 3 was

imilar to that of other serotypes, but the NCC clades tended to be less

usceptible to penicillin G, similar to the findings of a previous report

28] ; however, the prevalence of low susceptibility was less noticeable

hen compared with serotypes 35B, 15A/F, and 23A. 

This study has several limitations. First, we examined a relatively

imited number of isolates, and most were from children. Because the

linical specimens were from the symptomatic patients visiting clinics

f otolaryngology, pediatrics, and internal medicine, the isolates should

epresent infections rather than colonization. Also, the samples were

rom a single commercial clinical laboratory; however, the laboratory

overs the entire area of Hokkaido prefecture. Serotypes were deter-

ined using a conventional PCR established by CDC in the US [ 11 , 12 ].

he method provides limited data regarding subtypes. We did not per-

orm multilocus sequence typing. Although these issues need to be ad-

ressed in the future, the data in the present study point to certain trends

f pneumococcal serotype distribution and antimicrobial susceptibility

n this region. 

Serotype replacement, including the increase in non-capsular type

solates, might progress in the future. New pneumococcal vaccines that

nclude other serotype capsules have been approved or are under devel-

pment [29] . Recent observations, including those reported herein, sug-

est that the number of non-capsule type isolates has increased signifi-

antly in the post-vaccine era. New types of vaccines containing protein
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ntigens common to pneumococci, such as pneumolysin (Ply), pneu-

ococcal surface protein A (PspA), choline-binding protein A (CbpA),

neumococcal choline-binding protein A (PcpA), and polyhistidine triad

roteins D (PhtD) are undergoing research and development [30] . These

pproaches may result in promising prophylaxis against pneumococcal

nfections caused by NT and non-encapsulated strains. 
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