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Fig. 1.
Cells are stained dark blue using a methylene blue. Capsule

Capsular swelling reaction of S. pneumoniae type 6B.

is observed outside of cell wall.
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Table 1. List of 93 capsular polysaccharide serotypes in §. pneumoniae
Type group Type group Type group Type group
13 25 (25F, 25A) 39
27 40
15 (15F, 15A, [15B} 15C) 28 (28F, 28A) 41 (41F, 41A)
@ 16 (16F, 16A) 29 42
17 ([IL7H, 17A) 31 43
6 (6A,6B) 6C, 6D) 18 (18F, 184, 18B,d80) 32 (32F, 32A) 44
7 (7H, 7A, 7B, 7C) 19 (@ [19A] 19B, 19C) 33 (B3H| 33A, 33B,33C,33D) | 45
34 46
9 (9A, 9L, PN,@V) 21 35 (35F, 35A, 35B, 35C) 47 (47F, 47A)
10 (10F, 10B, 10C) 22 22A) 36 48
11 (11F, L1A] 11B, 11C,11D, 11E) 23 (@3E) 23A, 23B) 37
12 (I2F, 12A, 12B) 24 (24F, 24A, 24B) 38

Circles indicate the serotypes contained in PCV7.
Circles and squares indicate the serotypes contained in PPV23.
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Fig. 2. Proportion of IPD due to the most common serotypes spread globally in young children.
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Fig. 3. Number of patients with IPD by age and outcome.
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1 (] outcome unknown
Fig. 4. Outcomes based on presence or absence of underlying diseases in IPD patients.
Table 2. Clinical laboratory findings associated with fatal outcome in adults with IPD*)
Medi % (25/75 til d Univariat lysi
edian or % (25/75 percentiles) an Non-survivors (n = 43) Survivors (n = 147) nivariate analysis Pvalue
(no./total) OR?
WBC (10° cells/L)" 5.1 (2.3-8.8) (37/43) 13.2 (8.2-19.1) (136/147)
<5.0% 10° cells/L 48.6% (18/37) 11.0% (15/136) 7.64 (3.30-17.68) P<0.001
C-reactive protein (mg/dL) 24.8 (16.3-31.7) (36/43) 20.6 (8.9-33.6) (131/147)
>15 mg/dL 77.8% (28/36) 65.6% (86/131) 1.83 (0.77-4.35) P=0.166
PLT (10° cells/L)® 119 (69-171) (36/43) 197 (130-262) (134/147)
<130%10°/L 55.6% (20/36) 23.1% (31/134) 4.15(1.92-8.97) P=0.001

2 Data are expressed as odds ratio values (95% confidence interval).
b WBC, white blood cell count; PLT, platelet count.
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Serotype distribution and resistance genes identified by PCR in S. pneumoniae isolat-

ed from children. “Other” includes serotypes of 15B, 23A, 8, 24, 34, 35, and 38, respective-
ly. NT, non-typeable
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Fig. 6. Serotype distribution and resistance genes identified by PCR in §. pneumoniae isolated

from adults. Other-1 includes serotypes of 9N, 11A, 33, 18C, 20, 2, 7F, 8; Other-2 includes sero-
types of 35, 7C, 15A, 38, 15C, 31, 16, and 36, respectively.
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Fig. 7. Relationship between pneumococcal capsular types and the diseases in adults.
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Kanagawa

Fig. 8 A) PFGE patterns digested with Apal enzyme for chromosomal DNA from serotype 12F
isolates. A, gPISP (pbp2b) (Lane 1-19); B, gPSSP (Lane 20—24); C, gPISP (pbp2x+2b) (Lane 25,
26); D, gPRSP (pbpla+2x+2b) (Lane 27). B) Plot of serotype 12F isolates in Japan, 2003 to

2008.
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Table 3. Association of serotypes with multilocus sequence typing profiles and genetic pbp patterns among S. pneumoniae strains®"
No. of Allele gene First reported
Serotype cc ST Genotype .
strains | qroE | gdh | gki | recP | spi | xpt | ddl | Year Country (city)
1 306 5239 gPSSP 1 12 8 13 5 16 | 336 20
3 180 5234 2x 1 7 15 2 10 6 1| 383
246 246 gPSSP 4 16 13 4 5 6 10 18 1997 UK
6A 3115 3115 gPRSP 2 7 32 6 1 6 14 14 1989 Korea
3787 2756 gPRSP 1 8 8 19 16 77 1 68 | 2004 China
3787 3787 2x 1 8 8 19 16 6 1 68 UN Singapore
6B 156 90 gPRSP 7 5 6 1 2 6 3 4 | 1986 Spain
156 3387 gPRSP 1 5 6 1 2 6 3 26 | 2002 Korea
156 2983 2x, la+2x 3 5 6 1 2 6 1 | 271 | 2003 | Japan (Okayama)
490 902 gPRSP 1 2 13 2 1 6 | 121 121 2000 Singapore
490 2923 2x, la+ 2x 2 2 13 2 5 6 | 121 29 | 2003 Japan (Kurume)
2224 2224 gPRSP, Ia+2x 2 7 12 7 1 116 14 29 | 1996 UK
2924 2924 2x 1 1 5 2 6 6 1 14 | 2003 Japan (Hyogo)
6C 2924 2924 2x 1 1 5 2 6 6 14 | 2003 Japan (Hyogo)
156 5247 2x 1 1 29 8 6 6 6 14
490 2923 2x 1 2 13 2 5 6 | 121 29 | 2003 Japan (Kurume)
9V 280 280 2x,2x+2b 3 15 17 4 16 6 1 17 1998 Vietnam
280 5231 2x 3 15 17 4 148 6 1 17
12F 1527 | 4846 2b 4 12 32 | 111 1| 13| 48 6| UN Japan (Osaka)
14 554 343 gPRSP 2 8 8 4 15 39 12 14 1998 Norway
320 236 gPRSP 1 15 16 19 15 6 20 26 1993 Taiwan
230 5240 gPRSP, 1a+2x 4 5 19 2 17 6 22 14
15 13 la+2x 1 1 5 4 5 5 27 8 1997 Australia, USA
15 2922 la+2x 3 1 5 4 5 5 20 8 | 2003 Japan (Hyogo)
15A 63 63 la+2x 1 2 5 36 12 17 21 14 | 1992 Sweden
15B 199 199 la+2x 1 8 13 14 4 17 4 14 1987 Netherlands
15C 199 199 2x 1 8 13 14 4 17 4 14 | 1987 Netherlands
19F 320 236 gPRSP 16 15 16 19 15 6 20 26 1993 Taiwan
115 115 gPRSP 1 15 16 19 15 30 20 39 | 1994 Taiwan
19A 3111 3111 2x,la+2x 2 61 60 67 16 10 | 104 14 1989 USA
2331 2331 2x 1 10 16 150 1 17 1 29 | 1999 Czech
23F 242 242 gPRSP 7 15 29 4 21 30 1 14 | 1996 Taiwan
1437 1437 gPRSP 1 1 32 6 6 6 1 14 | 2000 Japan
63 63 gPRSP 1 2 5 36 12 17 21 14 1992 Sweden
156 338 gPRSP, 2x + 2b 3 7 13 8 6 1 6 8 1995 Colombia
23A 156 338 gPRSP, 2x + 2b 3 7 13 8 6 1 6 8 1995 Colombia

New sequence types (STs) are shown in bold face and underlined. CC, clonal complex. Year, first isolation year of the same ST clone referred

from the MLST database. Country, first country of isolation for the same ST clone referred from the MLST database.
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Fig. 9. Evolution of S. pneumoniae under the selective pressures such as antimicrobial

agents and vaccines.
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Current status of invasive pneumococcal diseases
and the preventive pneumococcal vaccines in Japan

Naoko Chiba

Laboratory of Molecular Epidemiology for Infectious Agents, Kitasato Institute for Life Sciences, Kitasato University,
5-9-1 Shirokane, Minato-ku, Tokyo, Japan

Streptococcus pneumoniae induce invasive pneumococcal diseases(IPD) that may cause serious sequelae or
be fatal, even in these days when effective antibacterial therapies are available. This article discusses the
current status of IPD in Japan as well as capsular typing involved in the prediction of vaccination efficacy,
primarily based on the results of an epidemiological survey conducted in 2006. The age groups that were
most frequently affected by IPD were infants aged <1 year, and adults aged=50 years. In contrast to sepsis
and bacteremia which were common among children, severe pneumonia was predominant among adults. Pa-
tients with underlying conditions were at a high risk for death or neurological sequelae (P = 0.04 for children
and P<0.01 for adults). Statistical analysis revealed that a white blood cell count of <5.0 X 10° cells/L and a
platelet count of <130 x 10° cells/L on hematology tests immediately after hospital admission were highly
predictive of a poor prognosis.

In Japan, voluntary vaccination with pneumococcal conjugate vaccine(PCV7) for children was licensed in
2010, and the coverage for IPD was 75%. Pneumococcal polysaccharide vaccine(PPV23) covered 85% of
adult IPD cases. The capsular types of strains isolated from children and from adults were obviously differ-
ent. Specifically, serotypes 6B, 19F, 14, and 23F, which are common among gPRSP strains, were predominant
in isolates from children, while serotypes 12F, 3, 6B, and 14, which are common among gPISP strains, ac-
counted for the majority of isolates from adults. Among these isolates, the serotype 12F strain from adults
was subjected to pulsed field gel electrophoresis, which showed an identical DNA profile among strains with
the same genotype. This finding suggests that strains with a new capsular type spread rapidly in a short
time around Japan, a densely populated country. Analysis using multilocus sequence typing, which allows
global comparison and sharing of epidemiological information on bacterial infections, suggested the occur-
rence of genetic recombination among capsular serotypes (capsular switching).

S. pneumoniae are evolving by changing themselves, as represented by (i) the emergence of highly patho-
genic strains with new capsular serotypes, such as 6C and 11E; (ii) the emergence of highly resistant strains
due to antibiotic pressure; and (iii) the emergence of strains with capsular switching caused by the global
popularization of pneumococcal vaccines. It is concluded that global-scale epidemiological studies are
needed in addition to vaccination, which is indispensable for the control of IPD.



