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Abstract
Background and objective The global spread of antimicrobial-nonsusceptible Streptococcus pneumoniae is a major concern.
Molecular epidemiology of those strains in relation to vaccine serotype remains to be explored in Japan. This study aimed to
elucidate the distribution of molecular types with the serotypes and antimicrobial susceptibility of pneumococcus strains
isolated from adult pneumonia patients.

Methods We enrolled adult pneumonia patients from four sites in Japan between September 2011 and August 2014. S.
pneumoniae isolates from sputum and blood were analyzed for serotyping by the Quellung reaction and for antimicrobial
susceptibility by the agar dilution method and e-test and for multilocus sequence typing.

Results In total, 204 isolates were analyzed from 200 patients with a median age of 72.5 years, of whom 55 (27.5%) patients
had received a 23-valent pneumococcal polysaccharide vaccine (PPSV23). We detected 41 clonal complexes (CCs) and 62
sequence types (STs), including 10 new STs: CC/ST 180 of serotype 3 was the most common followed by CC/ST 236 of
serotype 19F and CC/ST 99 of serotype 11A; 144 (70.6%) isolates were PPSV23 serotypes; 40 (19.6%) and 121 (59.3%)
isolates were b-lactam nonsusceptible (bNS) and multidrug-nonsusceptible strains, respectively. Among the bNS strains, 18
(45%) were nonvaccine serotypes, and 4 CCs (CC236, CC63, CC242, and CC558) comprised of 62.5% of them.

Conclusion Multiple CCs of bNS strains, including nonvaccine serotype are spreading. It is crucial to monitor the antimicrobial
susceptibility, serotypes, and molecular types of pneumococci to predict the effectiveness of vaccines in preventing pneumonia
by bNS pneumococci strains.

Introduction
The disease burden of adult pneumonia remains high in both low-middle and high-income countries. Pneumonia was the �fth
leading cause of death in patients over 65 years old in Japan in 2018 (1). Streptococcus pneumoniae, or pneumococcus, is a
major pathogen that causes adult pneumonia. It has been estimated that 0.53 million cases of adult pneumococcal
pneumonia are treated annually in Japan and its incidence has drastically increased as the proportion of the elderly population
has also increased (2, 3). Prevention and effective treatment of pneumococcal pneumonia is of high public health importance
in the super-aging society in Japan. More than 95 serotypes of pneumococci are known, and some common serotypes can be
prevented by the 13-valent pneumococcal conjugate vaccine (PCV13) and 23-valent pneumococcal polysaccharide vaccine
(PPSV23).

Antimicrobial nonsusceptibility of S. pneumoniae is a growing concern. In recent studies in Asia, the level of antimicrobial
resistance in pneumococcal isolates for penicillin and ceftriaxone (CRO) was 11.9-16.0% and 34.8-38.1%, respectively (4-6).
The proportion of isolates that are nonsusceptible to meropenem (MEM) and macrolides has increased in recent years along
with the spread of multidrug-resistant (MDR) pneumococcal strains or multidrug- nonsusceptible (MDNS) pneumococcal
strains (7-9).

Monitoring the serotype distribution and antimicrobial susceptibility of circulating strains in Japan and understanding their
molecular epidemiology is crucial for developing rational prevention and treatment strategies. Multilocus sequence typing
(MLST) has revealed molecular epidemiological characteristics of antimicrobial-nonsusceptible pneumococcal strains in
various geographical areas (8, 10-13), and identi�ed the distribution of globally circulating strains, which are described as
clones of the Pneumococcal Molecular Epidemiology Network (PMEN) (https://www.pneumogen.net/pmen/) (14).

Studies evaluating sequence types (STs) and antimicrobial susceptibility in speci�c serotypes have been reported (9, 15).
However, to our knowledge, no hospital-based studies have investigated the combined distribution of serotypes, STs, and
antimicrobial susceptibility of pneumococcal strains from adult pneumonia patients. In this study, we aimed to describe the
distribution of pneumococcal strains with their serotypes, antimicrobial nonsusceptibility patterns, and STs among isolates
from adult pneumonia patients in Japan.

https://www.pneumogen.net/pmen/
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Methods
Study population and study outline

This study was conducted as a part of a prospective hospital-based study for adult pneumonia in Japan between September
2011 and August 2014 as previously described (2). Patients who ful�lled the following criteria were enrolled in the study: 1)
age ≥15 years, 2) symptoms compatible with pneumonia, and 3) new in�ltrates present on chest radiography or computed
tomography scan �lms. Patients who developed pneumonia after 48 hours after admission were excluded.

Identi�cation of S. pneumoniae and antimicrobial susceptibility testing

Sputum and/or blood samples were collected from the enrolled patients upon their �rst hospital visit or admission.
Quantitative or semiquantitative cultures were performed at each hospital laboratory. We judged S. pneumoniae as the
causative pathogen of adult pneumonia using the following diagnostic criteria: 1) it grew more than 104 CFU/mL for
quantitative culture in sputum or its equivalent for semiqualitative culture or positive blood culture; 2) if the sample did not
satisfy the culture standard, microscopic Gram stained examination of the sputum scored Geckler group ≥3 (16) and S.
pneumoniae was the only potential pathogen. The isolates were transported to the Institute of Tropical Medicine at Nagasaki
University where the serotype was determined by the Quellung reaction test (Serum Statens Institut, Denmark) and
antimicrobial susceptibility to penicillin G (PEN), CRO, and MEM by the agar dilution method, and chloramphenicol (CHL),
azithromycin (AZM), tetracycline (TET), levo�oxacin (LVX), and sulfamethoxazole and trimethoprim (SXT) by the E-test strip
(Sysmex bioMérieux) (17). The susceptibility of isolates to antimicrobial agents was interpreted as susceptible, intermediate,
and resistant according to the standards of the Clinical and Laboratory Standards Institute (CLSI) 2014 guidelines (18). We
classi�ed the strains that were nonsusceptible to at least one of three b-lactam antimicrobials tested as b-lactam
nonsusceptible (bNS) pneumococcal strains. MDNS pneumococcus strains were de�ned as the isolates nonsusceptible to
three or more classes of antimicrobials.

We extracted DNA from isolates and con�rmed the pneumococcus identi�cation by lytA real-time PCR (19, 20). We performed
DNA sequencing for MLST; the details of the methods are described elsewhere (13). Sequence Typing was determined by
reference to the PubMLST (https://pubmlst.org/spneumoniae/) (21). We excluded one of the two strains to avoid duplication if
they were isolated both from sputum and blood cultures from the same patients, and their serotype and ST were same.

We submitted new ST data to PubMLST and assigned designations. The goeBURST algorithm via PHYLOViZ 2.0
(http://www.phyloviz.net/) was applied to estimate the relationship among the STs and classify the clonal complexes (CCs)
(22). In this study, we named each CC according to an ST number of the goeBURST predicted founder, which was de�ned as
the ST with the greatest number of single-locus variants and a smaller number of STs in a group consisting of more than two
different STs or a singleton itself. This goeBURST analysis was done on June 5th, 2020.

Analysis

We described characteristics of the enrolled patients with calculated CURB-65 score (23), antimicrobial susceptibility
interpretations, and CC distribution by serotypes of isolates. Genetic relationships of ST with allelic pro�le, CC, and serotype
presented as a dendrogram. The dendrogram was generated from a distance matrix among STs by using the unweighted pair
group method with arithmetic averages in PHYLOViZ 2.0. The proportions of categorical variables were compared by using the
chi-squared test, and the medians of continuous variables were compared by using the Wilcoxon rank sum test.

Ethics

The study was approved by the Institutional Review Boards (IRBs) of the Institute of Tropical Medicine at Nagasaki University,
Ebetsu City Hospital, Kameda Medical Center, Chikamori Hospital, and Juzenkai Hospital. The requirement for obtaining written
consent from all participants was waived by all IRBs because of the observational nature of the study and with no deviation

https://pubmlst.org/spneumoniae/
http://www.phyloviz.net/
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from current medical practice. Anonymized data were used for our analyses. All methods were performed in accordance with
the relevant guidelines and regulations.

Results
Pneumococcal isolates and characteristics of patients

A total of 287 pneumococcal isolates were identi�ed from sputum and blood cultures in this study. Three isolates did not ful�ll
the microbiologic diagnostic criteria and were excluded. 204 isolates subsequently re-grew on culture, and antimicrobial
susceptibility testing was performed. Real-time PCR of lytA con�rmed that they were pneumococcal isolates. These 204
isolates from 200 adult pneumonia patients which were considered causative pathogens for pneumonia, and their data were
processed for analysis (Selection �ow is shown in Additional Figure 1). The characteristics of the patients are shown in Table
1. The majority of patients (n=145, 72.5%) were ≥65 years old with a median age of 72.5 years. 159 (79.5%) cases were
community-acquired pneumonia (CAP) and mostly mild pneumonia with CURB-65 ≤2. 127 (63.5%) patients were admitted to
the hospital, and the mortality rate was 3.5%. Only 55 (27.5%) patients were con�rmed to have received PPSV23, and 32
(16.0%) had a course of antimicrobials prior to the enrollment.

Distribution of serotypes and molecular epidemiology

Figure 1 shows the STs, CCs, and serotypes of the isolates. We detected 41 CCs, 62 STs and 2 singletons (STs 7801 and
13216). CC/ST 180 of serotype 3 was the most frequently observed strain (n=45, 22%), followed by CC/ST 236 of serotype 19F
(n=12, 6%) and CC/ST 99 of serotype 11A (n=12, 6%). We identi�ed 10 new STs (STs 13216, 13217, 13218, 13219, 13220,
13221, 13302, 13303, 13304, and 13389). In total, 109 (53.4%) isolates belonged to PMEN-type CCs, and 144 (70.6%) isolates
were PPSV23-type serotypes.

Antimicrobial susceptibility

The susceptibility patterns for b-lactam antimicrobials, the number of nonsusceptible antimicrobial classes other than b-
lactams, and the number of MDNS strains in relation to CCs and PMEN strains are shown in Table 2. Susceptibility for
antimicrobials other than b-lactams are also shown in Additional Table 1. In total, 40 (19.6%) isolates (from 39 patients) were
categorized as bNS strains. The most common molecular type among bNS strains was CC 236 (n=9, 22.5%), followed by CC63
(n=6, 15%), CC242 (n=5, 12.5%), and CC558 (n=5, 12.5%). In total, 30 (75%) bNS strains were PMEN clones. The remaining 10
(25%) bNS strains, which had 6 CCs and one singleton, have not previously been categorized as PMEN-type CCs. These
included CC3111, which was isolated from 3 patients, and CC2756, which was isolated from 2 patients. Similarly, 121 (59.3%)
isolates from 119 cases (33 CCs out of the total 41 CCs, 80.5%) were categorized as MDNS strains. Of those, 62.8% (n=76) of
MDNS strains were PMEN related. MDNS strains were found among CC180 (n=36/50, 72% of total isolates in the CCs), CC236
(n=11/12, 91.7%), CC63 (n=7/8, 87.5%), CC2755 (n=7/8, 87.5%), and CC242 (n=7/7, 100%) (Table 2). A total of 83 (68.6%) of
MDNS strains, in particular CC180 and CC2755, met the MDNS criteria without being bNS strains, whereas almost all bNS
strains were MDNS strains.

Comparison of bNS and bS isolates

Figure 2 (A and B) compares the CC distribution by serotype among bS and bNS strains. Out of 40 bNS strains, 22 (55%) were
PPSV23 types (serotypes 6B, 11A, 14, 19A, 19F, and 23F), and the remainder belonged to PPSV23 nonvaccine types (serotypes
6A, 15A, 23A, and 35B). We found that bNS strains were signi�cantly associated with serotypes 19F, 15A, and 35B (Additional
Table 2, P<0.05, respectively) when compared to bS pneumococcal strains.

Serotype 19F strains were mainly CC236 and serotype 15A of CC63, while serotype 35B contained multiple CC strains. Among
bNS strains, CC63 and CC558 were exclusively present in the nonvaccine serotype 15A and 35B, respectively (Figure 2B).
Among PMEN-related bNS strains (n=30, 75%), 6 (20%) had different serotypes from those of the original PMEN strains. It was
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noted that the serotype had shifted from vaccine type to nonvaccine type in four of those six PMEN strains: from
CC242/serotype 23F to 23A (n=2) and from CC81/serotype 23F to 6A (n=1) and 15A (n=1) (Figure 1).

There was no signi�cant difference in demographic and clinical characteristics of patients with b-lactam-susceptible (bS)
pneumococcal strains compared with patients with bNS pneumococcal strains, except that patients with bNS strains tended to
be associated with bronchial asthma (Additional Table 2).

Discussion
This study elucidated the molecular epidemiology of antimicrobial-nonsusceptible pneumococcal strains causing adult
pneumonia in Japan in relation to vaccine-serotype. It showed that 19.6% of pneumococcal isolates from adult pneumonia
patients in Japan were bNS strains and 59.3% were MDNS strains. Among bNS strains, only a half were PPSV23 serotypes,
and 4 CCs out of 14 CCs comprised of 62.5% of bNS strains. There were multiple CCs of bNS strains, which were not covered
by PPSV23.

While our �ndings are similar to other study performed in Japan from 2003 to 2004. It showed that 49 STs, 27 CCs, and 3
singletons with the most common molecular type of CC/ST 180 of serotype 3, followed by CC/ST 236 serotype 19F, CC/ST
242 serotype 23F, the proportion of PPSV23 serotypes was 80.6% and the proportion of PMEN clone CCs was 63.6% (23). Our
study showed more diverse STs and CCs, and a lower proportion of vaccine-type serotypes and CCs related to the PMEN than
the previous study. The differences might be due to the vaccine availability; the previous study was conducted before the
implementation of routine immunization with the 7-valent PCV and PCV13 in children. We could not compare the proportion of
bNS strains or other factors because the previous study used an older antimicrobial susceptibility interpretation criterion, and
they did not report the susceptibility to MEM.

Among bNS strains, CC236/serotype 19F in vaccine type and CC63/serotype15A and CC558/serotype 35B in nonvaccine type
were common. CC 236 of serotype 19F is a PMEN-related strain (Taiwan19F-14), and many reports show that it has
successfully spread among children and globally as MDNS strains (24, 25). CC63 of serotype 15A (Sweden15A-25) was
reported as a MEM-nonsusceptible strain isolated from children in Japan (9), and CC558 of serotype 35B (single locus variant
of Utah35B-24) was reported as one of the emerging nonvaccine serotypes in the United States after PCV introduction (26, 27).
Our results indicate that bNS isolates from adult pneumonia patients in Japan consisted mainly PMEN clones, and part of
those are epidemic strains in children.

There was no signi�cant difference in clinical characteristics, including mortality, between patients who had bNS strains and
those with bS strains. The exception was asthma, which has been found to be a risk factor for penicillin-resistant
pneumococcal pneumonia (28) (Additional Table 2). Epidemic and widespread prevalence of nonvaccine type bNS strains
might still be a problem, especially in invasive pneumococcal disease, because 95% of bNS strains showed nonsusceptibility
for MEM, a potential �rst choice of antimicrobial if a patient’s condition is severe.

We showed that there were many CCs in the MDNS group of isolates in Japan. A number of studies have shown that MDR or
MDNS pneumococci are predominantly PMEN-related strains and nonsusceptible to TET, SXT, and macrolides (29-31). The
antimicrobials recommended for treatment CAP in the guidelines are b-lactams, macrolides, and �uoroquinolones (32, 33). In
addition to nonsusceptibility of pneumococci to macrolides, we should be concerned about b-lactam or �uoroquinolone
nonsusceptibility of pneumococci.

There were a few limitations in the study. The �rst limitation was that some isolates failed to remain viable after transport from
the research sites to our laboratory. Changes in during transportation from each hospital to our laboratory may have been a
critical factor (34). The second limitation was that we included most of the obtained S. pneumoniae strains that were isolated
from sputum even if the sputum quality or bacterial load in sputum culture was low (35). We considered that elderly patients
could not expectorate good-quality sputum in this clinical situation that might have limited isolation of pneumococci in culture.
However, we did a sensitivity analysis for 187 samples with better sputum quality and middle to high bacterial load, and it did
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not suggest that the quality of sample had a signi�cant impact on our results (data not shown). And the third limitation was
that we used different methods (the agar dilution method and the E-test strip) for antimicrobial susceptibility testing. Although
the methods were different, studies have shown a good correlation between them for pneumococcal antimicrobial
susceptibility with �uoroquinolones, macrolides, CP, TET, and SXT (36-38).

Conclusion
We reported the molecular epidemiology of pneumococcal isolates from adult pneumonia patients in four regions of Japan.
We found that a high proportion of the isolates were bNS and MDNS strains, and majority of them were related to the PMEN.
Multiple CCs of bNS strains, including serotype not covered by PPSV23, are spreading. It is important to monitor the
distribution of antimicrobial susceptibility, serotypes, and sequence types of pneumococci to detect the clonal spread of
antimicrobial-nonsusceptible pneumococci, particularly nonvaccine serotype bNS strains, such as serotypes 15A and 35B.

Abbreviations List
PCV13, 13-valent pneumococcal polysaccharide conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine;
PCV7, 7-valent pneumococcal polysaccharide vaccine; MDR, multidrug-resistant pneumococcal strains; MDNS, multidrug-
nonsusceptible pneumococcal strains; MLST, multilocus sequence typing; PMEN, Pneumococcal Molecular Epidemiology
Network; STs, sequence types; CC, clonal complex; S, susceptible; I, intermediate; R, resistant; CLSI, Clinical and Laboratory
Standards Institute; bNS, b-lactam-nonsusceptible; bS, b-lactam-susceptible; CAP, community-acquired pneumonia; COPD,
chronic obstructive pulmonary disease; SLV, single locus variant.

Declarations
Ethics approval and consent to participate: The study was approved by the Institutional Review Boards (IRBs) of the Institute of
Tropical Medicine at Nagasaki University, Ebetsu City Hospital, Kameda Medical Center, Chikamori Hospital, and Juzenkai
Hospital. The requirement for obtaining written consent from all participants was waived by all IRBs because of the
observational nature of the study and with no deviation from current medical practice. Anonymized data were used for our
analyses.

Consent for publication: Not applicable

Availability of data and materials: The clinical epidemiology datasets generated and analyzed during the current study are not
publicly available due to being a part of the prospective cohort study but are available from the corresponding author on
reasonable request. The sequence type datasets generated during the current study are available in the PubMLST repository,
https://pubmlst.org/bigsdb?db=pubmlst_spneumoniae_isolates&page=query

With following IDs: 63774, 63775, 63778, 63779, 63780, 63781, 63776, 63777, 63782, and 63773.

Competing interests: The funding sources had no role in the study design; the collection, analysis and interpretation of data;
the writing of the report, or the decision to submit the article.

Funding: The APSG-J study was supported by P�zer and Nagasaki University. KM belongs to the department of respiratory
infections which sponsored by P�zer and Nagasaki University.

Author contributions: Conceived and designed the experiments: SK MS CMP KM KA. Performed the experiments: SK BGD TI
KW CMP. Analyzed the data: SK BGD MS KM KA. Wrote the paper: SK BGD MS CMP KM KA.

Acknowledgements:

We would like to thank the members of Adult Pneumonia Study Group-Japan (APSG-J): Masahiko Abe1, Takao Wakabayashi1,
Masahiro Aoshima2, Naoto Hosokawa3, Norihiro Kaneko2, Naoko Katsurada2, Kei Nakashima2, Yoshihito Otsuka4, Eiichiro

https://pubmlst.org/bigsdb?db=pubmlst_spneumoniae_isolates&page=query


Page 7/13

Sando5, Kaori Shibui5, Daisuke Suzuki3, Kenzo Tanaka6, Kentaro Tochitani3, Makito Yaegashi5, Masayuki Chikamori7, Naohisa
Hamashige7, Masayuki Ishida7, Hiroshi Nakaoka7, Norichika Aso8, Hiroyuki Ito8, Kei Matsuki8, Yoshiko Tsuchiha- shi8, Akitsugu
Furumoto9, Sugihiro Hamaguchi1,9, Shungo Katoh1,9, Emi Kitashoji9, Takaharu Shimazaki9, Masahiro Takaki9, Lay-Myint
Yoshida10

1. Department of General Internal Medicine, Ebetsu City Hospital, Hokkaido, Japan

2. Department of Pulmonology, Kameda Medical Center, Chiba, Japan

3. Department of Infectious Diseases, Kameda Medical Center, Chiba, Japan

4. Department of Laboratory Medicine, Kameda Medical Center, Chiba, Japan

5. Department of General Internal Medicine, Kameda Medical Center, Chiba, Japan

�. Emergency and Trauma Center, Kameda Medical Center, Chiba, Japan

7. Department of Internal Medicine, Chikamori Hospital, Kochi, Japan

�. Department of Internal Medicine, Juzenkai Hospital, Nagasaki, Japan

9. Department of Clinical Medicine, Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan

10. Department of Pediatric Infectious Diseases, Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan

References
1. Vital Statistics of Japan 2018 [Internet]. 2018. Available from: https://www.mhlw.go.jp/english/database/db-hw/dl/81-

1a2en.pdf. Accessed June 5th, 2020.

2. Morimoto K, Suzuki M, Ishifuji T, Yaegashi M, Asoh N, Hamashige N, et al. The burden and etiology of community-onset
pneumonia in the aging Japanese population: a multicenter prospective study. PloS one. 2015;10(3):e0122247.

3. Takaki M, Nakama T, Ishida M, Morimoto H, Nagasaki Y, Shiramizu R, et al. High incidence of community-acquired
pneumonia among rapidly aging population in Japan: a prospective hospital-based surveillance. Jpn J Infect Dis.
2014;67(4):269-75.

4. Lee HY, Wu TL, Su LH, Li HC, Janapatla RP, Chen CL, et al. Invasive pneumococcal disease caused by ceftriaxone-resistant
Streptococcus pneumoniae in Taiwan. Journal of microbiology, immunology, and infection = Wei mian yu gan ran za zhi.
2018;51(4):500-9.

5. Choi MJ, Noh JY, Cheong HJ, Kim WJ, Kim MJ, Jang YS, et al. Spread of ceftriaxone non-susceptible pneumococci in
South Korea: Long-term care facilities as a potential reservoir. PloS one. 2019;14(1):e0210520.

�. Li XX, Xiao SZ, Gu FF, Zhao SY, Xie Q, Sheng ZK, et al. Serotype Distribution, Antimicrobial Susceptibility, and Multilocus
Sequencing Type (MLST) of Streptococcus pneumoniae From Adults of Three Hospitals in Shanghai, China. Front Cell
Infect Microbiol. 2019;9:407.

7. Bergman M, Huikko S, Huovinen P, Paakkari P, Seppala H, Finnish Study Group for Antimicrobial R. Macrolide and
azithromycin use are linked to increased macrolide resistance in Streptococcus pneumoniae. Antimicrob Agents
Chemother. 2006;50(11):3646-50.

�. Ardanuy C, Rolo D, Fenoll A, Tarrago D, Calatayud L, Linares J. Emergence of a multidrug-resistant clone (ST320) among
invasive serotype 19A pneumococci in Spain. The Journal of antimicrobial chemotherapy. 2009;64(3):507-10.

9. Nakano S, Fujisawa T, Ito Y, Chang B, Matsumura Y, Yamamoto M, et al. Spread of Meropenem-Resistant Streptococcus
pneumoniae Serotype 15A-ST63 Clone in Japan, 2012-2014. Emerg Infect Dis. 2018;24(2):275-83.

10. Zhang B, Gertz RE, Jr., Liu Z, Li Z, Fu W, Beall B. Characterization of highly antimicrobial-resistant clinical pneumococcal
isolates recovered in a Chinese hospital during 2009-2010. Journal of medical microbiology. 2012;61(Pt 1):42-8.

11. Golden AR, Adam HJ, Gilmour MW, Baxter MR, Martin I, Nichol KA, et al. Assessment of multidrug resistance, clonality and
virulence in non-PCV-13 Streptococcus pneumoniae serotypes in Canada, 2011-13. The Journal of antimicrobial
chemotherapy. 2015;70(7):1960-4.

https://www.mhlw.go.jp/english/database/db-hw/dl/81-1a2en.pdf


Page 8/13

12. Setchanova L, Alexandrova A, Pencheva D, Sirakov I, Mihova K, Kaneva R, et al. Rise of multidrug-resistant Streptococcus
pneumoniae clones expressing non-vaccine serotypes among children following introduction of the 10-valent
pneumococcal conjugate vaccine in Bulgaria. J Glob Antimicrob Resist. 2018;15:6-11.

13. Enright MC, Spratt BG. A multilocus sequence typing scheme for Streptococcus pneumoniae: identi�cation of clones
associated with serious invasive disease. Microbiology. 1998;144 ( Pt 11):3049-60.

14. McGee L, McDougal L, Zhou J, Spratt BG, Tenover FC, George R, et al. Nomenclature of major antimicrobial-resistant
clones of Streptococcus pneumoniae de�ned by the pneumococcal molecular epidemiology network. Journal of clinical
microbiology. 2001;39(7):2565-71.

15. Kasahara K, Komatsu Y, Koizumi A, Chang B, Ohnishi M, Muratani T, et al. Serotype 35B Streptococcus pneumoniae,
Japan, 2002-2012. Journal of infection and chemotherapy : o�cial journal of the Japan Society of Chemotherapy.
2014;20(3):228-30.

1�. Geckler RW, Gremillion DH, McAllister CK, Ellenbogen C. Microscopic and bacteriological comparison of paired sputa and
transtracheal aspirates. Journal of clinical microbiology. 1977;6(4):396-9.

17. Wiegand I, Hilpert K, Hancock RE. Agar and broth dilution methods to determine the minimal inhibitory concentration (MIC)
of antimicrobial substances. Nat Protoc. 2008;3(2):163-75.

1�. Institute CaLS. Performance Standards for Antimicrobial Susceptibility Testing; Twenty-Fourth Infromational Supplement.
M100-S24. Wayne, PA: CLSI; 2014.

19. Dhoubhadel BG, Yasunami M, Yoshida LM, Thi HA, Thi TH, Thi TA, et al. A novel high-throughput method for molecular
serotyping and serotype-speci�c quanti�cation of Streptococcus pneumoniae using a nano�uidic real-time PCR system.
Journal of medical microbiology. 2014;63(Pt 4):528-39.

20. Carvalho Mda G, Tondella ML, McCaustland K, Weidlich L, McGee L, Mayer LW, et al. Evaluation and improvement of real-
time PCR assays targeting lytA, ply, and psaA genes for detection of pneumococcal DNA. Journal of clinical microbiology.
2007;45(8):2460-6.

21. Jolley KA, Bray JE, Maiden MCJ. Open-access bacterial population genomics: BIGSdb software, the PubMLST.org website
and their applications. Wellcome Open Res. 2018;3:124.

22. Francisco AP, Bugalho M, Ramirez M, Carrico JA. Global optimal eBURST analysis of multilocus typing data using a
graphic matroid approach. BMC Bioinformatics. 2009;10:152.

23. Imai S, Ito Y, Ishida T, Hirai T, Ito I, Maekawa K, et al. High prevalence of multidrug-resistant Pneumococcal molecular
epidemiology network clones among Streptococcus pneumoniae isolates from adult patients with community-acquired
pneumonia in Japan. Clinical microbiology and infection : the o�cial publication of the European Society of Clinical
Microbiology and Infectious Diseases. 2009;15(11):1039-45.

24. Golden AR, Rosenthal M, Fultz B, Nichol KA, Adam HJ, Gilmour MW, et al. Characterization of MDR and XDR Streptococcus
pneumoniae in Canada, 2007-13. The Journal of antimicrobial chemotherapy. 2015;70(8):2199-202.

25. Hsieh YC, Huang YC, Lin HC, Ho YH, Chang KY, Huang LM, et al. Characterization of invasive isolates of Streptococcus
pneumoniae among Taiwanese children. Clinical microbiology and infection : the o�cial publication of the European
Society of Clinical Microbiology and Infectious Diseases. 2009;15(11):991-6.

2�. Gertz RE, Jr., Li Z, Pimenta FC, Jackson D, Juni BA, Lyn�eld R, et al. Increased penicillin nonsusceptibility of nonvaccine-
serotype invasive pneumococci other than serotypes 19A and 6A in post-7-valent conjugate vaccine era. The Journal of
infectious diseases. 2010;201(5):770-5.

27. Sharma D, Baughman W, Holst A, Thomas S, Jackson D, da Gloria Carvalho M, et al. Pneumococcal carriage and invasive
disease in children before introduction of the 13-valent conjugate vaccine: comparison with the era before 7-valent
conjugate vaccine. Pediatr Infect Dis J. 2013;32(2):e45-53.

2�. Aliberti S, Cook GS, Babu BL, Reyes LF, A HR, Sanz F, et al. International prevalence and risk factors evaluation for drug-
resistant Streptococcus pneumoniae pneumonia. The Journal of infection. 2019;79(4):300-11.



Page 9/13

29. Raddaoui A, Tanfous FB, Chebbi Y, Achour W, Baaboura R, Benhassen A. High prevalence of multidrug-resistant
international clones among macrolide-resistant Streptococcus pneumoniae isolates in immunocompromised patients in
Tunisia. International journal of antimicrobial agents. 2018;52(6):893-7.

30. Siira L, Jalava J, Tissari P, Vaara M, Kaijalainen T, Virolainen A. Clonality behind the increase of multidrug-resistance
among non-invasive pneumococci in Southern Finland. European journal of clinical microbiology & infectious diseases :
o�cial publication of the European Society of Clinical Microbiology. 2012;31(5):867-71.

31. Geng Q, Zhang T, Ding Y, Tao Y, Lin Y, Wang Y, et al. Molecular characterization and antimicrobial susceptibility of
Streptococcus pneumoniae isolated from children hospitalized with respiratory infections in Suzhou, China. PloS one.
2014;9(4):e93752.

32. Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K, et al. Diagnosis and Treatment of Adults with
Community-acquired Pneumonia. An O�cial Clinical Practice Guideline of the American Thoracic Society and Infectious
Diseases Society of America. Am J Respir Crit Care Med. 2019;200(7):e45-e67.

33. Mikasa K, Aoki N, Aoki Y, Abe S, Iwata S, Ouchi K, et al. JAID/JSC Guidelines for the Treatment of Respiratory Infectious
Diseases: The Japanese Association for Infectious Diseases/Japanese Society of Chemotherapy - The JAID/JSC Guide to
Clinical Management of Infectious Disease/Guideline-preparing Committee Respiratory Infectious Disease WG. Journal of
infection and chemotherapy : o�cial journal of the Japan Society of Chemotherapy. 2016;22(7 Suppl):S1-S65.

34. Siberry G, Brahmadathan KN, Pandian R, Lalitha MK, Steinhoff MC, John TJ. Comparison of different culture media and
storage temperatures for the long-term preservation of Streptococcus pneumoniae in the tropics. Bull World Health Organ.
2001;79(1):43-7.

35. Kalin M, Lindberg AA, Tunevall G. Etiological diagnosis of bacterial pneumonia by gram stain and quantitative culture of
expectorates. Leukocytes or alveolar macrophages as indicators of sample representativity. Scandinavian journal of
infectious diseases. 1983;15(2):153-60.

3�. Jacobs MR, Bajaksouzian S, Appelbaum PC, Bolmstrom A. Evaluation of the E-Test for susceptibility testing of
pneumococci. Diagn Microbiol Infect Dis. 1992;15(5):473-8.

37. Clark CL, Jacobs MR, Appelbaum PC. Antipneumococcal activities of levo�oxacin and clarithromycin as determined by
agar dilution, microdilution, E-test, and disk diffusion methodologies. Journal of clinical microbiology. 1998;36(12):3579-
84.

3�. Wang H, Huebner R, Chen M, Klugman K. Antibiotic susceptibility patterns of Streptococcus pneumoniae in china and
comparison of MICs by agar dilution and E-test methods. Antimicrobial agents and chemotherapy. 1998;42(10):2633-6.

Tables
Table 1. Characteristics of enrolled patients
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 Total

Enrolled patients, number (%) 200

Median age (range) 72.5 (18-95)

Sex (male%) 120 (60.0)

CAP (%) 159 (79.5)

Inpatients (%) 127 (63.5)

Past PPSV23 history (%)  

Yes 55 (27.5)

No 110 (55.0)

Unknown 35 (17.5)

Underlying diseases  

Diabetes 46 (23.0)

Hypertension 85 (42.5)

Hyperlipidemia 40 (20.0)

Asthma 27 (13.5)

COPD 44 (22.0)

Preuse of antimicrobials before enrollment (%) 32 (16.0)

Mortality (%) 7 (3.5)

CURB-65 (n, %) 160

≤2 119 (74.4)

≥3 41 (25.6)

Region  

Hokkaido 30 (15.0)

Chiba 126 (63.0)

Kochi 16 (8.0)

Nagasaki 28 (14.0)

CAP: community-acquired pneumonia, PPSV23: 23-valent pneumococcal polysaccharide vaccine, COPD: chronic

obstructive pulmonary disease 

  

Table 2. Distribution of clonal complexes,  b-lactams, and other classes of antimicrobial-susceptibility, and
multidrug nonsusceptible strains
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CCs PEN CRO MEM No. of
bNS

strains 
(n)

 No. of NS
antimicrobials
classes other

than b-lactams (n)

MDNS
strains 

(n)

Total 
(n)

Related PMEN
clones

S
(n)

NS
(n)

S
(n)

NS
(n)

S
(n)

NS
(n)

0 1 2 3 4

180 50  50  50   3 2 9 34 2 36 50 Netherlands3-31
99 14  14  14     10 4  4 14  

236 12  9 3 3 9 9   2 10  11 12 Taiwan19F-14
433 9  9  9   1 5  3  3 9  
199 8  8  8   1  4 2 1 3 8 Netherlands15B-

37
63 6 2 8  2 6 6   7 1  7 8 Sweden15A-25

2755 8  8  8     1 7  7 8  
242 7  6 1 3 4 5    7  7 7 Taiwan23F-15

3111 6 1 7  4 3 3   5 2  5 7  
338 6  6  6     5 1  1 6 Colombia23F-26
280 5  5  5   2 2 1    5  

15 5  4 1 5  1   5   1 5 SLV England14-
9

5236 5  5  5     4 1  1 5  
558 5  5   5 5  2 3   3 5 SLV Utah35B-24

2331 5  5  5     3 2  2 5  
5241 4  4  4    3  1  1 4  

62 4  4  4     3 1  1 4  
2756 4  3 1 2 2 2  1 1 2  2 4  

90 3  3  3      2 1 3 3 Spain6B-2
Singleton 3  3  2 1 1   2  1 2 3  

2924 3  3  3     2 1  1 3  
2572 3  3  3      3  3 3  

81 1 2  3  3 3     3 3 3 Spain23F-1
2923 3  3  3    1  2  2 3  
5832 2  2  2    1  1  1 2  
2758 2  2  2      2  2 2  
5238 1  1   1 1     1 1 1  

343 1  1  1       1 1 1  
246 1  1  1     1    1  

7494 1  1  1     1    1  
902 1  1   1 1    1  1 1  

3113  1  1  1 1    1  1 1  
156  1  1  1 1    1  1 1 Spain9V-3

3116 1  1  1    1     1  
191 1  1  1     1    1 Netherlands7F-

39
3117 1  1  1   1      1  
6433 1  1  1      1  1 1  
3594 1  1  1       1 1 1  
7800 1  1  1    1     1  
1591  1  1  1 1     1 1 1  
4745 1  1  1      1  1 1  
5233 1  1  1     1    1  
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Total 196 8 192 12 166 38 40 8 19 71 94 12 121 204  

Bold CCs indicate β-lactam-nonsusceptible (bNS) strains, CC: clonal complex, PEN: penicillin G, CRO: ceftriaxone,

MEM: meropenem, S: susceptible, 

NS: nonsusceptible, bNS: β-lactam-nonsusceptible strains, MDNS: multidrug-nonsusceptible strains, PMEN:
Pneumococcal Molecular Epidemiology Network

Figures

Figure 1
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Distribution of clonal complexes, sequence types, and serotypes in this study. * new STs and alleles that were found in the
study, ST: sequence type, CC: clonal complex, PMEN: Pneumococcal Molecular Epidemiology Network, SLV: single locus
variant

Figure 2

Distribution of clonal complexes in β-lactams susceptible strains and nonsusceptible strains in serotypes with β-lactams-
nonsusceptible strains. A. Distribution of CCs in β-lactams-susceptible strains by serotypes. B. Distribution of CCs in β-lactams-
nonsusceptible strains by serotypes. CC: clonal complex, PPSV23: 23-valent pneumococcal polysaccharide vaccine
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