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Table 1 Basic characteristics and TB-related findings of the study participants
Homeless persons Caregivers
(n = 263) (n=173)
Basic characteristics
Sex, female n (%) 2 (0.8) 94 (54.3)
Age, years mean median (range) 580 59 (30-74) 48.2 48 (30-71)
30-49 n (%) 40 (15.2) 97 (56.1)
50-59 n (%) 108 (41.1) 52 (30.1)
60-74 n (%) 115 {43.7) 24 (13.9)
Current smoker n (%) 189 (73.0) 63 (37.1)
Current drinker n (%) 134 (51.9) 54 (320)
Length of time spent living and/or working in the Airin district, years mean median (range) 13510 (0.1-58) 103 5 (0.1-64)
<5 years n (%) 63 (25.9) 73 (432)
5-10 years n (%) 46 (18.9) 33 (19.5)
210 years n (%) 134 (55.1) 63 (37.3)
TB-related findings
Past history of TB n (%) 33 (12.6) 6 (3.5
Past exposure to TB patients n (%) 50 (19.8) 32 (187)
Cough and/or sputum n (%) 64 (24.6) 6 (35)
General fatigue n (%) 51 (196) 9 (5.2)
Elevated body temperature n (%) 935 1(06)
Abnormal chest X-ray finding n (%) 68 (25.9) 7 4.1
Active TB case n (%) 4(1.5) 0 (0.0)
Positive QFT result n (%) 133 (50.6) 42 (24.3)
Indeterminate QFT result n (%) 4 (1.5) 1(06)

Abbreviations: TB, tuberculosis; QFT, QuantiFERON-TB Gold In-Tube.

The number of missing values was 20 for length of time spent in the Airin district, 10 for past exposure to TB patients, 4 for smoking, 5 for drinking and 3 for
cough and/or sputum, general fatigue and elevated body temperature among homeless persons, and 4 for length of time spent in the Airin district, 2 for past

exposure to TB patients, 3 for smoking and 4 for drinking among caregivers.

None of the participants had a history of extra-pulmonary TB or used immunosuppressive agents.

The trends for active TB prevalence among homeless
people varied considerably by location. In New York City,
the prevalence had a substantial decline, that is, 1,502 per
100,000 in 1992 to 171 per 100,000 in 2004 [23]. In the
Airin district, where approximately 80% of residents were

substantially from 1400 per 100,000 in 2000 to 680 in
2005, and declined further to a small extent to 653 per
100,000 in 2007 [22].

The substantial decline in the active TB prevalence

in New York City and the moderate decline in the

estimated to be homeless people, the prevalence declined  Airin district among homeless people were attributable

Table 2 Characteristics of active TB cases

Case 1 Case 2 Case 3 Case 4 Total*
Homeless or caregivers Homeless Homeless Homeless Homeless 4
Sex Male Male Male Male 4
Age 62 63 66 66 Mean 64.3
Current smoker - + + - 2
Current drinker - + - + 2
Length of time spent living and/or working in the Airin district, years 10 9 20 13 Mean 13.0
Past history of TB - + - - 1
Past exposure to TB patients - - - - 0
Cough and/or sputum + + + + 4
General fatigue + + + 3
Elevated body temperature - - - 0
Abnormal chest X-ray finding + + + 4
QFT-positivity + + 3

Abbreviations: TB, tuberculosis; QFT, QuantiFERON-TB Gold In-Tube.

*The number of positive for each factor or mean value for continuous variables among four active TB cases.
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Table 3 Age-adjusted and multivariate odds ratios (OR) and 95% confidence intervals (95% Cl) of QFT-positivity according to potential risk factors among
homeless persons and caregivers, after excluding the subjects with active TB disease or indeterminate QFT results

Homeless persons (n = 255)

Caregivers (n = 172)

No. of  No.(%) of QFT- Age-adjusted OR MultivariateOR No. of  No.(%) of QFT- Age-adjusted OR MultivariateOR
subjects positivity (95% Cl) (95% Ci)t subjects positivity (95% Cl) (95% CI)t

Sex Male 253 130 (514) NA NA 79 20 (25.3) 1.0 10
Female 2 0 (0.0) NA NA 93 22 (237) 0.95 (0.46-1.93) 091 (0.39-2.11)

Current smoker No 66 33 (500) 1.0 10 106 27 (25.5) 1.0 1.0
Yes 185 93 (50.3) 1.19 (0.66-2.14) 1.23 (0.63-2.40) 63 13 (20.6) 0.81 (0.38-1.75) 0.72 (0.29-1.74)

Current drinker No 121 56 (46.3) 1.0 10 114 26 (22.8) 1.0 1.0
Yes 129 70 (54.3) 1.74 (1.02-2.96)* 1.84 (1.01-3.37)* 54 13 (24.1) 1.23 (0.56-2.69) 1.15 (0.48-2.74)

Length of time spent living and/or working <10 years 107 38 (35.5) 10 1.0 105 18 (17.1) 1.0 1.0

in the Airin district, year

210 years 128 78 (60.9) 252 (1.46-4.35)* 253 (1.39-461)* 63 24 (38.1) 260 (1.24-5.42)* 232 (1.05-5.13)*

Past exposure to TB patients No 196 96 (49.0) 1.0 1.0 138 27 (19.6) 1.0 1.0
Yes 50 31 (62.0) 2.05 (1.05-3.99)* 1.51 (0.71-3.21) 32 14 (43.8) 363 (1.55-847)* 321 (1.30-7.91)*

Cough and/or sputum No 194 100 (51.6) 10 1.0 166 42 (25.3) NA NA

Yes 59 29 (49.2) 091 (0.50-1.67) 064 (0.32-1.32) 6 0 (0.0) NA NA

General fatigue No 207 102 (49.3) 10 1.0 163 40 (24.5) 10 10
Yes 46 27 (58.7) 1.66 (0.84-3.29) 1.47 (0.66-3.28) 9 2 (22.2) 0.96 (0.19-4.93) 1.06 (0.19-5.96)

Elevated body temperature No 244 124 (50.8) NA NA 17 42 (24.6) NA NA

Yes 9 5 (55.6) NA NA 1 0 (00 NA NA

Past history of TB No 225 109 (484) 10 10 166 37 (223) NA NA

Yes 30 21 (70.0) 2.23 (0.95-5.21) 1.51 (043-531) 6 5(83.3) NA NA

Abnormal chest X-ray finding No 193 86 (44.) 10 10 165 37 (224) NA NA

Yes 62 44 (71.0) 2.62 (1.39-4.93)* 1.90 (0.78-4.60) 7 5714) NA NA

*p < 0.05.

Abbreviations: TB, tuberculosis; NA, not applicable.

+Multivariate-adjusted for the listed factors and age.
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to intensive population-based TB screening and
DOTS [5,26].

Prevalence of latent TB infection

We found high prevalence of QFT-positivity for home-
less persons (50.6%) and for caregivers (24.3%) at the
ages of 30-74 years. When we restricted the sample to
those of ages 40-69 years, the respective proportions
were 50.4% for homeless persons and 30.8% for care-
givers. These prevalences were far higher than that of
the general Japanese population aged 40-69 years, which
is estimated to be 7.1% [27].

Latent TB infection among vulnerable persons including
homeless people

Garfein et al. investigated latent TB infection among 280
homeless persons in a Mexican city with the highest TB
prevalence using an IGRA and found the prevalence of
QFT-positivity was 51.8% [28], which was nearly equal
to the prevalence in our study. In addition to homeless
people, high-risk individuals for latent TB infection can
be detected by the IGRA. For example, the prevalence
of IGRA-positivity was reported to be 29.8% among
immigrants, mostly from Latin America, in Italy [29],
33.6% among drug users in Houston, USA [30], and
53.9% among immigrants with close contact to sputum
smear-positive TB patients in Netherlands [31].

Latent TB infection among caregivers

A study in Italy showed that the prevalence of latent TB
infection (positive QFT) was 55.5% among caregivers
working at a homeless shelter [11], which showed higher
latent TB prevalence than the caregivers in our study.
However, compared with healthcare workers for latent
TB infection, the caregivers of our study had higher pre-
valence of latent TB infection. The prevalence of latent
TB infection among healthcare workers in low- to inter-
mediate-prevalence countries including Japan ranged
from 1% to 19% [15,32-35], which was much lower than
that of the caregivers in our study. Mirtskhulava et al.
reported an extremely high prevalence of latent TB
infection (60.0%) among healthcare workers, probably
because they had frequent contact with TB patients and
also high prevalence of TB in the community [36].

Putative risk factors for latent TB infection

Another aim of our study was to determine putative risk
factors for latent TB infection. QFT-positivity was asso-
ciated with past exposure to TB patients among care-
givers, but not among homeless people. Caregivers
usually know when and how they have been in contact
with people with TB, whereas homeless persons often
ignored or did not notice this [37]. Homeless people
who drank almost every day had higher QFT-positivity
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than those who did not. Habitual drinkers may be more
likely to have contact with other drinkers and had a
higher risk of being infected [38]. The past history of
TB was not significantly associated with a positive QFT
result among homeless persons, which might be related
to the waning of immune responses in the time course
of TB infection [27]. The duration of living and/or
working in Airin district was associated with QFT-posi-
tivity among both homeless people and caregivers, but
this was the case only for > 5 years among homeless
people.

The risk of QFT-positivity was found to increase with
increasing length of time spent in the Airin district,
independently of acknowledgement of exposure to TB
patients. Even caregivers without known exposure to TB
patients in this study had approximately twofold higher
QFT-positivity (19.6%, Table 3) than healthcare workers
in Japan (9.9%) [16], indicating that they may be at high
risk for TB infection. As mentioned above, caregivers at
a homeless shelter had high latent TB prevalence even
in a low-prevalence country [11]. Thus, anti-TB mea-
sures for caregivers should be strengthened to ensure
their safety.

Limitations

This study has several potential limitations. The setting
and selection of homeless persons in our study may
limit the ability to generalize our results to the entire
Airin district. Our sample of homeless persons may be
at high risk to have been in contact with TB patients.
The information on homelessness, past history of TB,
past exposure to TB patients and length of time spent
living and/or working in the Airin district was self-
reported. Homeless people may be less likely to recall
such information accurately because they are less
health-conscious. The cross-sectional nature of the data
limits the degree to which we can assign causality, espe-
cially with respect to temporality. However, it might be
plausible that the exposure, such as past exposure to TB
patients and length of time spent in the Airin district,
may precede TB infection or disease. Information
regarding TB-related factors such as HIV infection, drug
abuse and history of incarceration was not included in
the data collection. However, it is well known that TB/
HIV co-infection is quite low in Japan [39]. In the pre-
sent study, TST was not carried out because we wanted
to avoid the refusal of study participation by homeless
persons, and there is poor agreement between TST and
QFT results caused by the effect of BCG vaccination in
Japan [16].

Conclusions
We found that the prevalence of latent TB infection was
approximately 50% for homeless people and 25% for
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caregivers, and a long duration spent by both groups in
the Airin district in Osaka, Japan, was associated with
latent TB infection. Although no active TB was found
for caregivers, one-quarter of them had latent TB infec-
tion. In addition to homeless persons, caregivers need
examinations for latent TB infection as well as active
TB and careful follow-up, especially when they have
spent a long time in a high TB prevalence area and/or
have been exposed to TB patients.
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SUMMARY: In Japan, the 7-valent pneumococcal conjugate vaccine (PCV7) was introduced in 2010.
To assess the effects of PCV7 on invasive pneumococcal infection in children, a population-based
prospective survey has been conducted in 10 prefectures. As a part of the study, blood and nasopharyn-
geal isolates from children admitted to the Shibata Hospital, Niigata Prefecture, were analyzed for de-
termining the serotypes, their susceptibilities to antimicrobial agents, and multilocus sequence types.
Sixteen blood isolates were obtained from October 2007 to December 2009. Sixty-three nasopharyngeal
isolates were obtained from the posterior nares of 118 children with pneumonia from April to Septem-
ber 2008. The coverage rates of the blood and nasopharyngeal isolates for PCV7 were 81.3% and
57.1%, respectively. Although none of these children had received PCV7, serotype 19A isolates were
recovered from 12.5% (2/16) of the blood samples and 12.7% (8/63) of the nasopharyngeal samples.
The sequence type of a nasopharyngeal isolate of serotype 19A was ST320, and the minimum inhibitory
concentration of penicillin G was 4 ug/mL. In addition to the continuous prospective survey of pneu-
mococcal infection, early introduction of the 13-valent conjugate vaccine, in which the 19A conjugate is

included, will be necessary in Japan.

Streptococcus pneumoniae infection is a leading
cause of childhood morbidity. In 2005, the World
Health Organization estimated that pneumococcal dis-
eases caused 1.6 million deaths, including 0.7-1 million
deaths per year in children under 5 years of age (1). The
7-valent pneumococcal conjugate vaccine (PCV7) has
been widely used in USA and other countries; this has
resulted in a dramatic reduction of invasive pneumococ-
cal disease (IPD) in both immunized children (2-10) and
non-immunized adults (2-5)—the ‘‘herd immunity”’ ef-
fect. PCV7 has also reduced hospitalization due to all-
cause pneumonia in children under the age of 2 years in
USA (11). In Japan, PCV7 became available in Febru-
ary 2010. Several surveys on IPD had been conducted in
Japan before the introduction of the vaccine (12-16).
To characterize invasive pneumococcal infection and
respiratory infection/colonization in the same popula-
tion before the introduction of PCV7, we obtained
blood and nasopharyngeal S. pneumoniae isolates from
hospitalized children, and analyzed the serotypes, their
susceptibility to antimicrobial agents, and multilocus se-
quence types.

All pneumococcal isolates were obtained from chil-
dren hospitalized at the Department of Pediatrics,

*Corresponding author: Mailing address: Department of

Niigata Prefectural Shibata Hospital. This hospital is
the only one in the region that has inpatient wards for
children. The population of Shibata City in 2011 is
102,758, of which 3,835 are children under 5 years of
age. Blood isolates were obtained from October 2007 to
December 2009. Posterior nares swabs were obtained
from 118 children with pneumonia from April to Sep-
tember 2008. Pneumonia was diagnosed by fever,
cough, sputum production, chest radiography examina-
tion, blood cell count, and/or elevation of C-reactive
protein. The pneumococcal isolates were serotyped by
the Quellung reaction with serotype-specific antisera
(Statens Serum Institut, Copenhagen, Denmark) and
factor serum for serotype 6C, which was made in our
laboratory (17). Susceptibilities to antimicrobial agents
were determined by the microbroth dilution method us-
ing Dry Plate (Eiken Chemical Co., Tokyo, Japan), ac-
cording to the Clinical and Laboratory Standards In-
stitute M100-S18 guidelines (18). Although the penicillin
G susceptibility criteria have changed in M100-S18, the
previous criteria in minimum inhibitory concentration
(MIC) (penicillin-susceptible S. pneumoniae [PSSP],
<0.06 ug/mL; penicillin-intermediate S. pneumoniae
[PISP], 0.12-1 ug/mL; penicillin-resistant S. prneumo-
niae [PRSP], =2 ug/mL) were used in this study. To
determine the sequence type (ST) of the isolates, mul-

Pediatrics, Niigata University Medical and Dental tilocus sequence typing (MLST) was performed as de-
Hospital, Asahimachidori 1-757, Chuo-ku, Niigata scribed previously by Enright and Spratt (19). STs were
951-8520, Japan. Tel & Fax: + 81-25-227-2222/ determined by the Internet database search at http:/

+81-25-227-0778, E-mail: 000612@hotmail.com
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spneumoniae.mlst.net/. Informed consent for this
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Fig. 1. Relationship between serotype and penicillin G resistance categories for S. pneumoniae isolates from (A)
blood and (B) posterior nares. Shaded bar, gray bar, and dotted bar represent PRSP (penicillin G MIC =2
ug/mL), PISP (penicillin G MIC 0.12-1 ug/mL), and PSSP (penicillin G MIC <0.06 ug/mL), respectively. One
serotype 14 isolate, in which MIC could not be determined, is not included in panel B.

study was obtained from parents or guardians, in accor-
dance with the Helsinki Declaration. None of the chil-
dren had received PCV7 or the 23-valent polysaccharide
vaccine.

Sixteen blood isolates were obtained from 16 patients
with bacteremia (age, 4 months to 3 years). No meningi-
tis or sepsis was observed in the study period. In addi-
tion, a total of 63 nasopharyngeal isolates were ob-
tained. Out of the 63 isolates, 58 (2 isolates of different
serotypes were obtained from 2 patients) were from 56
hospitalized patients (age, 1 month to 15 years) who had
preumonia without bacteremia, and 5 isolates were
from 5 patients with pneumonia and bacteremia. One-
year-old children were most frequently affected by inva-
sive and respiratory infections; these children account
for 68.8% and 38.1% of those with bacteremia and
pneumonia, respectively. The serotypes of the 16 blood
isolates were as follows: type 6B (5 isolates, 31.3%),
types 19F and 23F (3 isolates each, 18.8%), types 14 and
19A (2 isolates each, 12.5%), and type 10A (1 isolate,
6.3%) (Fig. 1A). The coverage rates of PCV7 and the
13-valent conjugate vaccine (PCV13) for the blood iso-
lates were 81.3 and 93.8%, respectively. The serotypes
of the 63 nasopharyngeal isolates were as follows: type
19F (11 isolates, 17.5%); types 6B and 23F (10 isolates
each, 15.9%); type 19A (8 isolates, 12.7%); types 14
and 15A (3 isolates each, 4.8%); types 9V, 6A, 10A, and
33F (2 isolates each, 3.2%); other serotypes (9 sero-
types, including 6C, with 1 isolate of each type, 1.6%);
and untypeable (1 isolate, 1.6%) (Fig. 1B). Isolates of
serotypes 19F and 33F were obtained from 1 patient and
those of serotypes 6B and 14 from another patient.
Some isolates obtained from both blood and
nasopharyngeal samples of a single patient showed the
same serotypes: 6B (1 patient), 19F (2 patients), and 23F
(2 patients). The coverage rates of PCV7 and PCV13 for
the nasopharyngeal isolates were 57.1% and 73.0%, re-
spectively. The blood isolates were tested for suscepti-
bility to penicillin G, and the results were as follows: 7
isolates (43.8%), PSSP; 7 isolates (43.8%), PISP; and 2
isolates (12.5%), PRSP. The relationship between sero-
types and penicillin G susceptibility in the blood isolates
is shown in Figure 1A. Isolates of serotypes 19F and
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23F were PISP or PRSP, while those of serotypes 14,
19A, and 10A were PSSP. The 63 nasopharyngeal iso-
lates were examined for susceptibility to penicillin G
also, and 62 isolates showed the following results: 25
isolates (40.3%), PSSP; 27 isolates (43.6%), PISP; and
10 isolates (16.1%), PRSP. Isolates of serotypes 6B,
19F, 23F, and 19A were PRSP (Fig. 1B). The an-
timicrobial susceptibility of a serotype 14 isolate could
not be determined because it did not show growth in
Mueller Hinton broth.

The results of the MLST analysis of the blood and
nasopharyngeal isolates are shown in Table 1. Blood
isolates of serotype 6B comprised ST90 and ST2983,
and those of serotype 19F comprised ST236 and ST115.
ST2983 and ST115 are double-locus variants (DLVs) of
ST90 and ST236, respectively. Isolates of serotypes 23F,
14, and 19A showed had only 1 ST (ST1437, ST13, and
ST3111, respectively). Nasopharyngeal isolates showed
more variation in STs than blood isolates. For example,
isolates of serotype 6B comprised 4 STs: ST90, ST2983,
ST902, and ST5864. ST2983 is a DLV of ST90, but
ST90, ST902, and ST5864 are not related to each other.
Another example was serotype 19A with 3 STs—ST320,
ST3111, and ST5842—that are not related to each
other. The isolates of serotype 23F comprised 5 STs, but
these STs could be grouped under 2 STs (ST242 and
ST1437). Two blood isolates and 6 nasopharyngeal iso-
lates of serotype 19F showed resistance to penicillin G at
MIC of 2-4 ug/mL; all the isolates were ST236 or
ST115. The MIC of penicillin G for a nasopharyngeal
serotype 19F isolate with ST257 was 0.03 ug/mL. This
was the only PSSP found among isolates of serotype
19F. The MIC of penicillin G for a nasopharyngeal iso-
late of serotype 19A with ST320 was 4 ug/mL, whereas
other serotype 19A isolates with ST3111 or ST5842 were
PSSP or PISP (Fig. 1B). The MIC of cefotaxime,
meropenem, and panipenem for the isolate of serotype
19A with ST320 was 2 ug/mL, 0.5 ug/mL, and 0.12
ug/mlL, respectively.

A population-based survey has been conducted across
10 prefectures of Japan to assess the effect of PCV7 on
invasive pneumococcal infection in children. This study
was started in 2007, 3 years before the introduction of
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Table 1. Serotype and sequence type of blood and posterior nares isolates

Blood Nasopharynx
Serotype Remarks?
Sequence type No. of isolates Sequence type No. of isolates
6B ST90, ST2983 3,2 ST90, ST2983 6, 2 ST2983, DLV of ST90 (xpt, ddi)
ST902 1
ST5846% 1
19F ST236, ST115 2,1 ST236, ST257 10, 1 ST115, DLV of ST236 (spi, ddl)
ST257, DLV of ST236 (aroE, ddl)
23F ST1437 3 ST1437, ST58452 2,1 ST5845, SLV of ST1437 (gdh, gki)
ST242, ST58412, ST58442 51,1 ST5841, DLV of ST242 (gdh, recP)
ST5844, SLV of ST242 (xp1)
14 ST13 2 ST13, ST2922 1, 1 ST2922, SLV of ST13 (xpt)
ST5240% 1
19A ST3111 2 ST3111 6
ST320 1
ST5842% 1
10A ST64122 1 ST1263 1
ST5236 1
6A ST3787 2
6C ST5241 1
A% ST280 2
15A ST63 3
15B ST199 1
15C ST58432 1 ST5843, SLV of ST199 (spi)
33F ST5840% 2
11A ST99 1
18B ST3594 1
23A ST5246 1
34 ST3116 1
35B STS58 1
38 ST393 1
Untypeable ST1106 1

D: SLV/DLYV, single-/double-locus variant.
2: newly identified sequence type in this study.
3: MICs could not be determined (see text).

PCV7. Shibata Hospital participated in this surveillance
study from the beginning, and the period of this study
corresponds to the period just prior to the introduction
of PCV7. The children in Shibata City and the sur-
rounding area did not receive PCV7 in this period. In
spite of this, S. preumoniae serotype 19A—well recog-
nized as a major replacement serotype following PCV7
introduction in USA and other countries (2,3,5,7,20)—
was isolated in 12.5% and 12.7% of the blood and
nasopharyngeal cultures, respectively. These rates are
much higher than those observed before PCV7 in-
troduction in USA (2,3,20) and Canada (5) and are
comparable to those that had been observed in France
(7). In a country-wide survey in Japan, Chiba et al.
reported 12 pediatric invasive cases by serotype 19A
S. pneumoniae (6.2%) out of a total of 193 cases from
2006 to 2007 (15). MLST analysis showed that the ST of
a nasopharyngeal isolate of serotype 19A was ST320. S.
pneumoniae with this serotype and ST has been isolated
from multiple regions in Japan (unpublished data) and
from many other countries, including USA, Venezuela,
Spain, Italy, China, and South Korea (http:/
spneumoniae.mlst.net/sql/burstspadvanced.asp). The
penicillin G MIC of all the ST320 isolates obtained from
patients in Japan was 2-4 ug/mL. However, the 2 blood
isolates of serotype 19A obtained in this study showed a
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penicillin G MIC of 0.03 ug/mL and belonged to
ST3111. At all of the 7 loci [aroE, ghd, gki, recP, spi,
xpt, and ddl] in the pneumococcal MLST analysis, the
alleles differed between ST320 and ST3111 (ST320 [4,
16, 19, 15, 6, 20, 1] and ST3111 [61, 60, 67, 16, 10, 104,
14]). In addition, ST5842 [10, 16, 150, 1, 13, 1, 29], iso-
lated from a swab sample, had allele numbers that were
different from those of both ST320 and ST3111. These
findings suggest that multiple serotype 19A variants
have already spread in children in the Shibata City
region; these variants may cause respiratory infections
and would cause invasive infections. The invasive infec-
tion surveillance in 10 prefectures showed that various
STs, including ST320 and ST3111, have been observed
in serotype 19A isolates (unpublished data). In Japan,
routine immunization with PCV7 has been recently in-
itiated in 2011, and the reduction in the number of inva-
sive and respiratory infection cases caused by the vac-
cine-serotype S. pneumoniae is anticipated, as has been
observed in USA and other countries (2-11). PCV13,
however, is not yet available in Japan. The domestic
phase 111 study is still on-going in 2011. This situation
raises concern about the rapid replacement of the PCV7
serotypte by non-PCV7 serotypes, as has been observed
in USA (2,3,20). Replacement by serotype 19A (ST320),
in particular, would be serious because of its high
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resistance to penicillin and non-susceptible phenotype to
meropenem. The prospective survey of pneumococcal
infection in both children and adults, together with in-
tensive laboratory analysis, will be necessary for detect-
ing the very early stage of the replacement. We do an-
ticipate the early introduction of PCV13 in Japan.
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