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Figure 1. Distribution of the 1gG antibody index and the time- and age-dependent proportion seropositive against parvovirus B19
in Japan from 2004-07. A. The distribution of IgG antibody index against parvovirus B19. The antibody index was calculated as the ratio of the
optical density of test sample to that of control. Using a logarithmic scale for the horizontal axis, a bimodal shape is clearly identified. B. The time- and
age-dependent proportion of seropositive against parvovirus B19. The collection of serum samples took place in 2004 (unfilled circles with thin solid
line), 2005 (crosses with dotted line), 2006 (diamonds with thick solid line) and 2007 (x marks with dashed line), respectively.

doi:10.1371/journal.pone.0092519.g001

A=31.8 years old (given the absence of age-dependence in the risk
of infection).

However, the goodness-of-fit for two other models were better
than that of the constant force of infection model (Figure 2A).
Employing the age-dependent force of infection ecither by the
parametric or the non-parametric model, all expected values were
included within the 95% CI of the observed proportion of
seropositive. AIC values for models (i), (ii) and (iii) were 203, 60.1
and 60.3, respectively, indicating that models (i) and (i) were
almost equally good and much better than the model (i) in
describing the observed pattern of the data. Figure 2B compares
the estimated force of infection by three different models. In the
case of the age-dependent parametric model (i), the peak of
infection was expected to occur at around the age of 5 years, while
the piecewise constant model (model (1)) predicted that the
highest force of infection 0.12 (95% CI: 0.00, 0.21) per year was
seen among those aged 5-9 years and the second highest force of
infection 0.05 (95% CI: 0.02, 0.10) among those aged 0—4 years.
For model (iii), upper bounds of the force of infection among those
aged 15-39 years and 40 years and older were 0.0059 and 0.0246
per year, respectively. The Ry using the age-dependent piecewise
constant model was estimated to be 2.07 (95% CI: 1.33, 2.98), the
expected value of which was smaller than the estimate based on
the constant force of infection model, but the difference was not
significant.

Figure 2C compares the observed age-specific proportions of
seropositive between 1993 and 2004-07, both of which were used
to parameterize the time- and age-dependent model (iv). Although
no significant difference can be identified in the constant force of
infection between 1993 and from 2004-07, we specifically
employed model (iv) to describe the time-dependent shift in a
dip in seropositive proportion from those aged 20-29 years in 1993
to 30-39 years from 2004-07. Comparing seroprevalence by birth
year (Figure 2D), it can be seen that the dip in seroprevalence is
observed in a birth cohort born from 1965-74. The relative
frequency of age-dependent forces was similar to the age-only
model (iii) in Figure 2B. The age-element of model (iv) was
compared against the observed seroprevalence data from 2004-07

PLOS ONE | www.plosone.org

(Figure 2E) and the time-dependent clement was compared
against the notification data in Figure 2F. The average over the
time-interval was only crudely captured (i.e. as was indicated by
estimates, there was no dramatic time-dependent trend in the risk
of infection), and a sharp peak in 1987 was perhaps smoothed out
by adjacent years and was not reflected in the estimated force of
infection from 1983-92. Although the time-clement was thus not
strongly aligned with the notification data, the predicted data
allowed us to realize the dip in seroprevalence among those aged
in their 30s (Figure 2E).

Blood donors

Assuming a random sampling assumption of blood donors from
the entire population, the age-specific proportion of antigen
positive was calculated among blood donors as a possible direct
measurement of the risk of infection. From 2001-07, a total of 38
million persons donated blood, among which 2,806 tested positive
for antigen (prevalence: 7.4 (95% CI: 7.1, 7.7) per 100,000
donors). Figure 3A shows the age-specific proportion of antigen
positive. Those aged 30-39 years yielded the highest prevalence
and those aged 4049 vyielded the second highest estimate.
Compared to those aged 20-29 years, the prevalence among
those aged 30-39 and 40-49 years were 2.6 and 2.0 times higher,
respectively. Figure 3B shows the age-specific proportion of IgM
antibody positive. Of 651 samples, 8 tested positive (1.2% (95%
CI: 0.4, 2.1)), and thus, the uncertainty was large, but the
proportion positive declined almost monotonically with age.

Pregnant women

Table 1 shows the estimated age-specific numbers of infection
among women at child-bearing age and during pregnancy, along
with rough corresponding estimates of fetal deaths and hydrops
fetalis. Although the precision is limited in the estimates, up to
2374 infections are estimated to occur annually among pregnant
women in Japan. Assuming that the risk of fetal death following
PVBI19 infection during the first 20 weeks of pregnancy is 9.0%,
up to 107 fetal deaths are anticipated per year. Similarly, adopting
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Figure 2. Seroepidemiological investigation of parvovirus B19 infection in Japan. A. Comparison between observed and predicted
proportion of seropositive from 2004-07 without accounting for time-dependency. The mean of observed data are shown as filled circles with the
95% confidence intervals by whiskers. Thick solid line represents the prediction based on a constant force of infection model, dashed line a gamma-
type age-dependent model, and thin solid line a piecewise constant age-dependent model. B. Estimated force of infection with parvovirus B19 in
Japan. The differential styles of lines correspond to those in panel A. C. Comparison of observed seroprevalence data between 1993 and 2004-07.
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Filled circles represent the observed data from 2004-07, while unfilled diamonds represent the data from 1993. Whiskers extend to both ends of the
95% confidence intervals. D. Comparison of seroprevalence data between 1993 and 2004 by birth year. Dashed lines represent the 95% confidence
intervals. The horizontal line shows the birth year of 2004 participants, while the birth year of 1993 participants is calculated as the birth year minus 1
(i.e. those born from 1955-64 for 2004 participants are compared against those born from 1954-63 for 1993 participants). E. Comparison of predicted
data from 2004-07 using age-dependent model and age- and time-dependent model. Filled circles represent the observed data, and whiskers extend
to both ends of the 95% confidence intervals. Thick line shows the prediction based on time- and age-dependent assumption. F. The comparison
between the time-dependent element of the force of infection (dashed line; left vertical axis) and the annual notification rate of erythema infectiosum

from sentinel medical institutions in Fukuoka and Saga prefectures, Japan, from 1982 onwards (circles and solid line; right vertical axis).

doi:10.1371/journal.pone.0092519.g002

2.9% as the risk of hydrops fetalis among pregnant women at
weeks 9-20, up to 21 cases are estimated annually.

Discussion

The present study investigated the scroepidemiological profiles
of parvovirus B19 infection in Japan. Whercas various clinical
studies had taken place in Japan in advance of the present study
including those focused on pregnant women [26,27], to the best of
our knowledge, the present study is the first to explicitly estimate
the frequency of infection in blood donors and the burden of
infection among pregnant women in this country. The cstimated
measure of the transmissibility, Ry, was 1.3-3.0, which did not
deviate from an carlier estimate ranging from 2.6-3.5 based on
seroprevalence survey in the Netherlands [4]. Across Japan, it was
estimated that up to 2374 infections could have occurred during
pregnancy, although the uncertainty bound was wide, ranging
from 0 to 2374 (as was also the case in the UK study [8]). Similar
estimates of the force of infection between Europe and Japan
indicate that the level of endemicity for PVB19 (i.e. frequency of
infection) and the contact pattern are likely similar to each other.

Two specific lessons should be learnt from our exercise. First, a
strong age-dependency in the force of infection was observed,
while no obvious indication of time-dependent change (e.g.
declining trend) in the proportion of seropositive was seen from
1993 to 2007. The highest frequency of infection was seen among
those aged below 10 years, and thereafter both parametric and
non-parametric models agreed that the annual risk of infection was
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at most 1%. That is, the transmission dynamics of PVBI19 is likely
regulated by and 'maintained among children, yielding very
important implications for future control planning including age-
dependent vaccination strategy. In fact, the risk of infection among
pregnant women is known to be higher in households with small
children than those without [10,12] (which could partly explain
the observed peak among those in their 30s in Figure 3A), and
thus, within houschold contact between pregnant women and
children could play a key role in determining the optimality of
controlling the transmission by targeting children [28]. The
uncertainty in the age-dependent contact patterns could be a
plausible explanation for observing differential risk of infection
among pregnant women across European countries [12]. In the
future, the age-dependency should be closely monitored even in
the absence of vaccination, because a shift (e.g. delay) in the age at
infection can vary (e.g. increase) the number of infections among
pregnant women, as was observed for rubella under a partial
vaccination {29,30].

Second, in addition to age-dependent estimates of the force of
infection that could measure the incidence of infection among
blood donors (Figure 2B), we also analyzed the antigen screening
results among blood donors (Figure 3A). Age-specific proportion of
antigen positive yielded the peak among those aged 30-39 years
followed by 40-49 years. A similar age-specific antigen pattern was
previously reported from the Netherlands [31], but no explicit
reason has been clarified for this observation. The peak in
prevalence among those in their 30s agreed well with the dip in
age-specific seroprevalence, possibly reflecting the absence of
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Figure 3. Age-specific proportions positive for antigen and igM antibody against parvovirus B19 among blood donors from 2001~
2007 in Japan. A. Observed proportion of antigen positive as a function of age. Filled circles represent the mean, and whiskers extend to both ends
of the 95% confidence intervals. A receptor-mediated hemagglutination (RHA) assay was used. B. Observed proportion of IgM antibody positive. Solid
line and filled circles represent the mean, with the upper 95% confidence interval given by dashed line. Lower bound is identical to the horizontal
axis. )

doi:10.1371/journal.pone.0092519.g003
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child-bearing age in Japan.
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Table 1. Estimated age-specific annual numbers of parvovirus B19 infections and associated complications among women at

Age group

(years) No. females No. maternities

Total infections

Infections during
pregnancy

Fetal deaths Hydrops fetalis

3,116,000

373,452

37,435

5 (0-225) 0 (0-10)

20 (0-761) 1 (0—345

0 (0-289)

major epidemics during childhood among those born during 1965-
74 and substantial number of transmission events from children to
parents. Nevertheless, the antigen positive estimates among those
in their 30s and 40s were more than double of those in their 20s
(while the fraction susceptible, based on seroprevalence survey,
was not as different as the proportion of antigen positive).More-
over, IgM antibody data yielded an approximately monotonic
decline in the age-specific proportion positive. These findings were
not fully consistent with anticipating substantial child-to-parent
transmissions in explaining the observed pattern, and other
reasons might also explain observed phenomena (e.g. other
factors, including age-dependent biological reaction to the virus
and possible sampling effect (i.e. blood donors may not have well
represented the general population), might also explain the
observed pattern).

Four limitations should be noted. First, our subjects were limited
to the population in Fukuoka and Saga prefectures, both of which
are located on Kyushu Island, the western part of Japan. Our
estimates involve a limitation in the representativeness of the
finding and may not fully reflect that of entire Japan. Nevertheless,
rather than ensuring the representativeness, the present study
focused on two prefectures as the first attempt to explicitly
characterize infection risks while allowing comparability between
1993 data and the result from 2004-07. Second, the estimated risk
of infection among blood donors (Figure 3A) and pregnant women
(Table 1) rested on an assumption that they were randomly
sampled from the population irrespective of infection status.
However, as briefly noted above, household structure (e.g. if a
pregnant woman has any children) and other risk factors are
known to influence the risk of infection with PVB19 during
pregnancy. A more precise estimation would require us to account
for known epidemiological risk factors using a more sophisticated
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Among 641 pneumococcal isolates recovered from 2002 to 2012 in Japan, 19 (3.0%) were serotype 35B.
Twelve of the 19 were ST558 (single-locus variant of Utah35B-24-ST377) and seven were ST2755.
Continuous monitoring of serotypes and their clonal association is important, especially in Japan where
PCV7 was licensed only in 2010.

© 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

Introduction of the 7-valent pneumococcal conjugate vaccine,
which contains capsular polysaccharides of serotypes 4, 6B, 9V, 14,
18C, 19F, and 23F (PCV7), led to dramatic reductions in the inci-
dence of invasive pneumococcal disease (IPD) both in vaccinated
young children and among non-vaccinated groups due to herd
immunity [1,2]. On the other hand, an increase in non-vaccine se-
rotypes (NVTs) has occurred and is called “serotype replacement”
[3]. Such examples of NVTs are 7F, 15, 19A, 22F, and 33F.

In 2010, a 13-valent pneumococcal vaccine (PCV13) was intro-
duced in the United States. PCV13 covers the 7 serotypes in PCV7 as
well as serotypes 1, 3, 5, 6A, 7F, and 19A. Richter et al. recently
reported that the increase of infection caused by serotype 19A has
stopped, whereas serotype 35B is the only serotype that kept
increasing after introduction of PCV13 [4].

We previously reported a relatively high prevalence of serotype
35B pneumococci (4.8%) in Japan, in a pilot surveillance study
performed between 2001 and 2003 [5]. PCV7 was introduced in
2010 in Japan and we herein report the change in the prevalence
and characteristics of serotype 35B pneumococcal isolates from
2002 to 2012.

* Corresponding author. Center for Infectious Diseases, Nara Medical University,
840 Shijo Town, Kashihara City, Nara 634-8522, Japan. Tel.: +81 744 22 3051;
fax: +81 744 24 9212.

E-mail address: kassan@naramed-u.ac.jp (K. Kasahara).

The present study was conducted at Nara Medical University, a
tertiary care hospital with 850 beds in Nara prefecture, which is
located in central Japan. Streptococcus pneumoniae isolates were
consecutively collected from clinical specimens, from both in-
patients and outpatients, submitted to the laboratory of clinical
microbiology at our university hospital over a 11-year period
(2002-2012). In order to avoid duplication of samples, isolates
consecutively isolated from the same individual were excluded.
Pneumococcal isolates were identified using standard techniques,
including Gram stain, colonial morphology, optochin susceptibility,
and bile solubility. Determination of the capsular serotype was first
screened by the slide agglutination method using a panel of
commercially obtained antisera (Seiken Co., Tokyo, Japan) and
further determined by capsular swelling reaction with antiserum
(the Statens Serum Institut, Copenhagen, Denmark). Customized
MIC panels of antimicrobial agents (Eiken Co., Tokyo, Japan) were
used to determine MIC by broth microdilution method according to
CLSI (Clinical and Laboratory Standards Institute). Penicillin and
macrolide resistant gene analysis were performed according to the
previously described methods [5]. Multilocus sequence typing
(MLST) was performed as described previously [6]. Briefly, internal
fragments of each of the seven housekeeping genes, aroE, gdh, gki,
recP, spi, xpt and ddl, were amplified by PCR and their sequence
types (STs) were determined by reference to a database (http://
spneumoniae.mist.net/).

A total of 641 pneumococcal isolates were analyzed, 19 (3.0%) of
which were serotype 35B. The origin, isolate date, antibiotic

1341-321X/$ — see front matter © 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Table 1
Description of serotype 35B isolates from 2002 to 2012.
Case no. Infout  Age (year) Specimen Date of recovery  MIC (pg/mL) pbpla  pbp2b  pbp2x ermB  mefAlE
ST PCG CTX EM CLDM

1 In 2 month Blood 11/12/02 558 2 0.5 4 <012 - - - - +
2 Out 1 Otorrhoea 01/14/03 558 1 0.5 <0.12 <012 - - - - -
3 Out 67 Sputum 04/03/03 558 1 0.5 =012 =012 - - - - -
4 Out 36 Bartholine gland 04/30/03 558 1 0.5 <0.12 =012 - - - - -
5 in 62 Sputum 06/12/03 558 1 0.5 4 <012 - - - - -+
6 out 39 Sputum 01/20/04 558 1 05  >8 <012 - - - - +
7 Out 70 Sputum 11/04/04 2755 012 0.5 >8 >8 - 4 - + -
8 Out 68 Sputum 07/19/06 558 1 0.5 4 =012 - - - - —+
9 Out 77 Otorrhoea 03/26/08 558 1 0.5 >8 <012 - - - - -+
10 In 74 Bronchoalveolar fluid  07/28/08 2755 003 <003 =8 =8 + -+ + -+ -
11 Out 1 Throat 09/10/08 558 2 05 4 <012 - - - - +
12 In 67 Sputum 09/09/09 558 1 1 >8 <012 - - - - +
13 Out 77 Sputum 02/10/11 2755  0.06 025 =8 »8 + + - + -
14 In 53 Sputum 02/24/11 558 2 1 <012 <012 - - - - -
15 Out 63 Oral abscess 04/25/11 558 1 0.5 4 <012 - - - - -+
16 Out 69 Nasal discharge 08/01/11 2755  0.06 025 =8 =8 + + - + -
17 out 53 Sputum 03/07/12 2755 006 025 >8 >8 + + - + -
18 Out 64 Sputum 03/18/12 2755 003 025 =28 =8 + + - + -
19 Out 64 Sputum 07/09/12 2755 006 025 =8 >8 + + - + -

In, inpatient; Out, outpatient, ST, sequence type; PCG, penicillin G; CTX, cefotaxime; EM, erythromycin; CLDM, clindamycin; VCM, vancomycin; if pbp1la, pbp2b, and pbp2x

were not amplified by PCR due to mutations in these genes, the results are expressed as

w_u.

; if ermB and mefAJE were not amplified by PCR due to the absence of these genes,

the results are expressed as “-*.

susceptibility data, antibiotic resistant genes and MLST data are
shown in Table 1.

The first 35B isolate was recovered from the blood culture of 2-
month-old child in 2002. MLST revealed that this belonged to
ST558, which is a single-locus variant of Utah35B-24-ST377. Twelve
ST558 isolates were recovered from 2002 to 2011; all isolates had
the same mutations in pbp1a, pbp2b, and pbp2x found in Utah35B-
24-ST377. Eight of the 12 ST558 isolates were resistant to eryth-
romycin but susceptible to clindamycin due to a mefA/E gene not
found in Utah35b-24-ST377.

In 2004, an ST2755 isolate was recovered from sputum of 70-
year-old female. As compared to ST558, all ST2755 isolates
exhibited low penicillin MICs and were highly resistant to both
erythromycin and clindamycin due to the ermB gene. Interestingly,
the frequency of ST2755 among serotype 35B increased after 2011,
although ST558 was still recovered in 2011 (Fig. 1).

ST558 is a single-locus variant of Utah35B-24-ST377 which was
reported in 2002 as a penicillin-nonsusceptible and invasive strain

in the United States [7]. ST558 was present in Massachusetts before
the widespread use of PCV7 and the increase of ST558 after intro-
duction of PCV7 has been reported worldwide [8,9]. Our study
clearly shows that ST558 was also present in Nara before the
introduction of PCV7 in Japan. Togashi et al. collected 66 pneu-
mococcal isolates from children with community-acquired pneu-
monia in Chiba, Japan and found two ST558 clone in a study
performed from 2008 to 2009 [10]. Ohishi et al. also found one
ST558 isolate among 63 nasopharyngeal pneumococcal isolates in a
study performed in Niigata, Japan from 2007 to 2008 [11]. These
findings show that ST558 was present throughout Japan before the
introduction of PCV7.

We also found that infections caused by ST2755 emerged in
2004 and apparently increased thereafter. This ST is penicillin
susceptible but highly resistant to macrolides and clindamycin due
to the presence of the ermB gene. Emergence of ST2755 has not
been previously reported to our knowledge. The MLST database
(http://spneumoniae.mlist.net/sql/burstspadvanced.asp, accessed

5
4
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23
5
5 % 5T2755
g~} 2 J
£ BST558
3 .
il l l
0 I _— . . , .
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
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(number of isolates tested)

Fig. 1. Proportion of ST558 and ST2755 among Streptococcus pneumoniae serotype 35B isolates, Nara, Japan, 2002—2012.
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on July 14th, 2013) shows that a total of five ST2755 isolates have
been submitted, with the first one submitted in 2004 from China.
Another four ST2755 isolates were submitted from Japan after 2011,
all of which were recovered either from cerebrospinal fluid or blood
culture. This shows that ST2755 can cause invasive disease. The
relationship between the introduction of PCV7 in 2010 in Japan and
the emergence of ST2755 is unknown.

Our study shows that serotype 35B isolates have been present in
Nara, Japan since at least 2002, and that these are found in two
different ST types, ST558 and ST2755, with ST2755 becoming
dominant. Both ST558 and ST2755 have the potential to cause
invasive disease. Considering recent studies that show an increase
of serotype 35B after introduction of PCV7 and PCV13 in the United
States, continuous monitoring of serotypes and their clonal asso-
ciation is important, especially in Japan where PCV7 was licensed
only in 2010.
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hY IR BRROMAREMEDOREROP TELRENS <, EHULH Y IFEIRFNCGEHBEICEBIEHENTE
B, hYIRREEICH T BBEOEMBHHESICHO TG, BRBHOSRAREICSVLTERdika S OB, R
RBICBOTE COAT MRS EBLHEICIRY. OF, BROBOEICLESTSY V/NERTHS NKT @S, S£3&7%
BEYVORECHBHT DRBOECBETHIEINTRBSNTOSH, HhY IARRIIHH S NKT BROBEICDOLTIER
BHTGW. ichld, 28MH Y IFEDTOIRET VST D NKT BIBORENCDOVTHER LI, £9, NKT Mgk
BYDRTH 3 Ja18KO ¥V OREBVWTRZT>1-H, CDOEREIGRENTH 1o, —A T, BEEERS LT NKT 1852
EEM S VoA, AN ERITEBL, BEABRSERITIBIOLTO . NAT, NS LOBHMPOFPIk
KHABDLTO EHBIT, IFNyKO YR T, NKTBERICEDh Yy I XRBROBBMNEIIEEELL. £, BE
AREMOMEE h Y IXBEFRRS YIS A, hY ISR S HRLU T, BEERRMETL, CORRMEEICE
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Key words : Candida albicans, | FNy, iINKT, co-infection, a-GalatosylCeramide

D7z, CONdRMEY VNS LTHEHIOTONS.

NKT #ifg & 13

Natural killer T (NKT) @23 T U > /\8kD—ETdH
U, a BEIT #BRaZ B K (T cellreceptor: TCR) & NK
BEOSAEEAETHFEIRLTLS"? . NKT BEEEK
OBECHT BN, FBREDIGVa24Ja18 (XNHRT
FVa1ldda18) BEFTEEMSNIC2EREICZLL
(invariant) TCR #RIBI 5B THY, invariant
NKT #8838 (NKT) EFRsns"? . @, CDAT #@pat
CD8T #BBam TCR (&, MEIBN@BELICHKIEL - ma-
jor histocompatibility complex (MHC) AFRITERS
N3MEEFHTSD. —7. NKTH#ERO TCR &, R
BRBBEICHEIBETS, MHC class I HEDF TH D
CDId AFICBRSNIEEENRERHTZ' ™. ¥

NKT #BR2SBREENRBVBICL Y THPHNCZEDY
ARAAY LAPIFNy B E) ZEETDIEICLY,
NEBRE B8oRZ RRRE ZUULF-E0R
BUBSICES L, BROBEETREODMGICEBER
BITEHRBENTNE™ .

H I TEOBRRRE

MY IFBIIBAPERG EORRPEEBICSREEE U
TRAET SBEKER THY, KM - KRONY PHHR
BLICES, FIYVROF—Y3 % RILVTCREMNE
BEERET DY . hYIXMEL NENBEHT—
T, LEABEORS, 1I3PHEDEEDEREF T
HB"Y. Flo, WYY IBEHRABMEDRDMED

BIMMEERSE - BABA
T 350-0495 BERABBESLHESHE 38
BEERKXSRIER - BERfimEs
tarumoto@saitama-med.ac.jp
SRS
T 162-8640 REEFFHBXPW 1-23-1

EURCHENIRAT BREE=F (REHIEPRE)
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=170 -



J 116

DBHTELERICRY EFENY, BHTE Candi-
da albicans DSBENBWN"? . £8MHV IFFEDIE
TR(FE, BEITLY 5~NBEBLODY, BEFTX
EN~N%ICEBRY. ZO-D, 28U HVITED
REABNI D EIEETHS.
SHURVIFEOQERBEHICEVT, BRESEEE
BOEEINAEETHD?. Bhkprvs0T»—
VR EOEBRL. HYIADED (B-D-FIhP
RYFV, FH) A#RETIFEME (C-type lectin re-
ceptors, IFD) BEANLTEBEZRANTSD. ¥LT
IL-1, 1L=12, TNFa® IFNy g EOREMEY A ~ha1 Y
EEETDEEHIC, NBEEEUHEZRETS. £/, M
FEIRTREEN S OBIAMERIC LY Th1 B4 CD4 T #8378 &
DEBRENFESN, EfERRIMEECND. KER
ZICHNOTIE, Thi7 B COAT #BREH Hh Y I XFEDO R ZE
CEETHAHIENBESNTLS® . NKT B8,
IL-12 B EDH A R AAVICKYBRIEEND, IFNy
BREDNERYA LA VARBT SN TH
U, NKTHRE AV IARRGEICEEZ LT TR
MBS, T, EBSENKTBRICKDHY IR
RERBBECRIFTRECDOTREI L.

NKT #i58 & fl B R RAE

NKT R0 a=m&E 2 BT 57-0(21& NKT
MRRORBYOREBVBSCENERATHD. HIEIER
PDFTdd COId D knockout (KO) ¥R (CD1dKO
THOR) ¥, TCROValdJa18 BEFORIEBY DR (J
a18KO YD R) HNEETDH, FEG COId I/RMED
NKT RN TN TREBLTODDIIHR L, #HELINKT
RO HDHERBICKRIBL TS, NS5O NKT 882
RIEY DR EBOTEITICLY, NKT BI2IEEL DM
EYRERICHTIRBNSICEBGREARFTT &N
BESINTWVD. 12EZE BBICHOTIE, CDIdKO
YORFIWE Ja18KO ¥ o R T Pseudomonas

aeruginosa®™ , Listeria monocytogenes® , Borre-
lia  burgdorfer*® , Streptococcus  pnheumo-
niae®?® , Sphingomonas capsulata® , Chlamy-

dophila pneumoniae® 732 Sl & DRELDIBBHRE S
NTHY, INKTBRBIECNSHBEREEICDOT, &
RBEHMCFELTOLREEZABND. — AT,
Lesgionella pneumophila BT, Ja18KO ¥ RI(C
BOTRLERAUIEO I ENBESNTHUY,
INKT BRE DR IC L BDAEZ BRI B EEHDEE
ABNS.
BHEEICHT 3 NKT filanEE

BERREICSH S NKT BROBEICEL TOHKkE
0. Aspergillus fumigatus R Cryptococ-

cus neoformans RERICHUVT, J a 18KO ¥R TRk
PIEEBFT B ENBEENTOBEN? . LHL, HYV

AARERERME $55% 35 FH264E

A RERBEAICES T B NKT BREOBESIC DV TIERD
DoTORW, ¥IT, EEHE £8MHVINEIC
BiFBNKT BREOEREIZFSHITHLHIC, Ja
18KO ¥ RIC C. albicans #&8RA/ES L, £FXP
fBes (FF - B - 2B @YY 1 A VEEERA
Lz, LAL, Ja18KO ¥ o REBERTIIORBIC
EAERDBN 12 . ZOBBO—DELT, C. albi-
cans & NKT Mg %= 2 <FE I 2EENREL>T
WO TJEEMENAE R BN,

BLEBE CH S C. heoformans RERREICH T D NKT
MEAREBY DRATORI TR, BRIBEHNROSEN
1= COMRBEELT, BIEOBRICEETHS IFNy
EEAEHELLTh RIGOFEEA, RERSHITHIC
ERBUICNKT BRMERT S, JE/MEBABNTVS.
hIBZIHBNTE, IFNy KOXORTlEHV IR
POBBAETIEREDNBY™ | IFNy (GE &R
CEBRREARILCTEEIASNTLE?. INB0
ZEDB, 28MAYVIECHOT NKT @REi=E
T IFN y EEBRR TR0, hY IRRERORREIC
EEEZSARH LUk ERSN.. LHL, B+
DEFYUNHVISEY, BEUMOHYIFECHTS
NKT #BRaDBENIRBTHY, SHROBNMVETH
3.

ETEE NKT #IflR & BRtcDW T

NKT #i2 05889 2R E L THD TRAESNID
& BRBFEOBEEAREILCERINTT a-
GalactosylCeramide (a GalCer) WS EBAEID R
T4V TREEET, BEEEN M a P/ I—RELTVWS
EWLHEBESHS. aGalCer DEEFDHH COId HF
DHRBEEUD_DOBEIHEL, BHIRBICBET
3. NKT#Eld, TCRICT CD1d AFICKVBRSN
TREEEEARET D EICLURE RSN, THP
MCKBDOIFNy ® IL-4 B EDY A MhaVEDuL
T, RERSERB T EPNBNTOED T | i
REICEBL T EF VR TH S aGalCer @ DR
EE(C LD NKT MEOEEALT D1 LR PBEDO R
PERT B EPBESNTET (Table 1) #7579
BBRRRCPVLTE 29U T RIVvHRECBNT
NKT #BRa%FBMET D& Th RISPHERL T, 2U S
FIOVOIDOFEBRNMBEESND I ENMESNTO
3 LHL, hUIBRERICELTORSEHL. &
FHBE C. albicans BERICH T B NKT MBS E LD
BAEMMT LT, C. albicans BRBHO T DRI,
aGalCer ##% 5 L TABHRBEZBRLICEZA, B8
ICRLTaGalCer #539RTIIAEBRNBEITSHE
Lic. &7, aGalCer #E5VIORTIIRER2HBOE
BABHOBELENERD, =SITDEICEESEHE
BLUICREREMESONICIEHNS, BERROBEC
FURBBMHYIEARILICEEZAL®. ¥HR
BROREBEHARE LT, BERMEEDREEODHUICIEEFSD
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Table 1. List of pathogenic infections improved with glycolipid treatment

and its route of administration

pathogen route of glycolipid injection  Refs
Streptococcus pneumoniae intratracheal 26, 27
Escherichia coli intraperitoneal 38
Pseudomonas aeruginosa
Staphylococcus aureus
Listeria monocytogenes intraperitoneal 39
Mycobacterium tuberculosis intraperitoneal 40
Coxsackievirus B3 intraperitoneal 41
hepatitis B virus intravenous 42
murine cytomegalovirus intraperitoneal 43
Cryptococcus neoformans intraperitoneal 44

ottt o0

activated by infection ne’\uﬂt(;c':%izls, Thi, Thi7

protective
modest amount of \
inflammatory cytokines
including IFNy Candidiasis

NKT cells activated by
glycolipid {(aGalCer)

reduction of
neutrophils

/det\rimental

Excessive amount of
IFNy in early phase of
infection

Fig. 1. The different outcome of Candida albicans infection induced by IFN y

KOEBH DO, BFPEBEERTELTHOSND
KC., MIP-2, G-CSF, IL-17 DEE=mTLIZ. LHL

TNBEES LTOBRA ST, BIOMEDEENT

®=nic.

IFNY R EROFRRMEEMF L TH DS BRE
b3 (A )

HEEEE R S5 C &S NKT #5E 1L, C. albicans
REASHDOGRENEICEDLDBRELAERITITDIESD
. EESG, BEERSLUICYOITREEBRSELICE
FKEDPD IFNy B'sBERLIZCE, IFNy (& NKT @82
PELETEITELGHYA FhHAVO—DTHBIZ DB,
IFNy [CBB L TR %T>7c. C. albicans 7% RS
T THEEABRSLBVES, IFNyKO Y OXTIEE
ERTOREEBRLUTERICATRORETA#RDIC.
IFNyKO ¥ DR Tld, BER®R 10 B%2BETICENDBYD
AP LI EDD, INETICHRESNTODED
2, AV IAPBRIINTIEBREOFEICIFNy H'E

BTHBEPERINC. ULHALERRN &IC, ##
EEA RS LIRS, BEEITOXREEERY, IFNy
RV IR TCIIEEERER S ERERB THERDER
KOBVEROED 12 . BHIZ, IFNyKO ¥R
T3R5 O EEEER S TCHERETEROIEN
oG H oIz, INBOBRH S, IFNy DAY IR
RERCH T BDE/REICOO TSR EICER QAL
HEDDICHL, BEREHICHHT BRI IFNy dhY
IZDEHRICEDEEARITTEODTIEERLTO
o, ESBIEHBALCKRSR, BRI IFNy IC&KYBMbO
PR NERR SN, KEMPOFPECRHD DS =i
CENBEPRBENTC
BDRDEDY, hY IFECH T DEEBREBCHBNT,
IFN y (FRERBEEECE<® ™ LHL, IFNy BhY
IERPOEBEICA< EVSBEEHDY . BRI IFN
Y [ REMEHBRDMEICEEERIFL™?, BIIBLL
BRI C LY, hYINRAMBELI-EEZ BN
1= (Fig. 1. '
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Table 2. Microbial glycolipids

organisms

glycolipid Refs

Mycobacterium tuberculosis

phosphatidylinositol mannosides 58

Sphingomonas spp. a-glucuronosylceramides 28, 59, 60
a-galacturonosylceramides

Borrelia burgdorferi a -galactosyldiacylglycerols 61
Streptococcus pneumoniae a -glucosyldiacylglycerols 62
group B Streptococcus

Bacteroides fragilis a -galactosylceramide 63
Helicobacter pylori cholesteryl a-glucosides 64
Chlamydia muridarum glycolipid exoantigen 65
Aspersgillus spp. asperamide B 66
Leishmania donovani lipophosphoglycan 67
Entamoeba histolytica lipopeptidophosphoglycan 68

HE - h VS HBRICSITIEREBREETICONT

NET, BIMEORSEDLZ<(FE—REEFICLDE
DOTH>1D, BEERREICLDMMEICETBHRSEE
DR, BEFEREIBERICREENICSE, $#
PELRBIEIBRESNTUVBED . AV IXEBE
DHBRICBNOTE, BEBRBRBROAY IARRMEHE
BNICLL®, Wy IFBRRERLUBBIBOE SN
BHP  XFDBHIFESHTERL. FhizbBE €0
FREEDNKT #MBREY IFN y EE%Z N L TLBDTIEFRO
hERELLL. B NBERSTER CT N ORBIERE LY
SLRERUED—DO TH IR T4 VIEFREAVINE
DOERBERTIRE, AV IFEMRDBE TEREOHRIC
BIL CHB@BrET 12 .

& - DY IAHERRBETE, hY I KBRS
&L T, BBROEBRSLU IL-6 ELEHNEEITIE
ML, REMPD IFNy ASEERLTOWC. ¥LT,
NKT #BR2(E IFN y DEBRELMWBETH D EHD
Hofc. =5, IFNy REYDRAY Ja18KO ¥ IR T
I, BEERRICLI2EBHROBERE 2RO
Dol EhD, BBERELICHH S NKT @r20;E 41t
BT IFNy EEDEEHBROBETZEIS5L TS E
ZZONC. R724VIEFROHEET, BLTRD
VEIEREEM TS LREMEICE T SREBEDLRRICHL
TH, WY IFEMBELCHE L TEEHROBE TSR
Hic. WEEDOFHERERT NKT BIRSE b=, BEl
D IFNy NSRESNBRRTE, AV INRBANERY
BOREED DD, i, BEBICRERINS T FOREE
FEEMS D LBRERE, ZLOMBREICMEETRT. O
DEHHPHFEBEBOHBERTIE, BBRHNEE(TZT
BEMDTRBEND.

ERCPBOTE, REMAEERIEDOREICKTIS
BERLED U RO ERBTREMNBESNTOBT .

AHFRDY I RETVICTERD SN ICREREREBEE
& EFORBUEERREMEORE L C(HIEBHEZIE
I DDA THERBGNRERDTREMNRESND.

FhUIC

RT7 4> TEF RN, NKT BRE%SHESED
RERIRE L TlE, Streptococcus bheumoniae, group
B Streptococcus, Mycobacterium tuberculosis,
Helicobacter pylori, Bacteroides frasilis, Aspersil-
us spp. /R EDHSNTWS (Table2) % | ¥EpsE
HRIZEK D NKT MBEO;E S A B EEROEICE L
DD, Flold REPBRICEDD, DRI HRAS
NdEEBELIZO.

E I

ARRO—HIEELESBHNETHREBHS (H5-5
B8 -001, H25-37 B35 E-002, Ho5- %78 -—
-006), RERSHEEMD, BOLAESRHFEL,
IR/ \A A4 1 TV R EBH D OB A B 1=

X #
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