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Table 4. MIC values for drugs and mutations in rpoB, katG, inhA, gryA, and rrs of isolates in the MDR-TB SC.

MDR
isolates MDR or

MDR

mutations

cluster No. MIC (ug/ml)

>32 >32 64 >128 16 8 4

Asp 516 Val A 1400 G Asp 94 Ala

4 Al

Asp 94 Ala, Thr 95
Thr/Pro

Ser 315 Thr, G none
944 C

A 1400 G

A 1400 G

A 1400 G Asp 94 Ala

A 1400 G

Asp 94 Ala
Asp 94 Al

A 1400 G

Asp 94 Ala

Ser315Thr C-15T A 1400G  Asp 94 Gly/Asp

Ser 315 Thr A 1400 G

Asp 94 Gly

Asp 94 Ala

Asp 94 Gly

indicating that HIV is not a considerable factor involved in this
high XDR/MDR ratio.
In this study, the percentage of Beijing lineage genotypes found

among MDR-Mtb isolates (79/89, 88.8%) was significantly higher.

than that of population-based non MDR-Mtb (425/550, 77.3%)
which was almost same as obtained nationwide in Japan [18]. The
Beijing lineage is of particular concern because it has a high
predilection’ for developing drug resistance [24], which may
explain the high percentage of the Beijing lineage in MDR-Mtb
seen in this study. Beijing strains can be classified into modern and
ancient sub-lineages. Although the modern Bejjing sub-lineage was
reported to be disseminating worldwide [25], the ratio of modern
sub-lineage of the 79 MDR-Mtb isolates belonging to Beijing
lineage was 24.1%, which is similar to that reported for Japan
[26,27]. These data suggest that there is no discrepancy of
frequency of acquiring MDR/XDR phenotypes between ancient
and modern sub-lineages.

Although the ratio of cluster-forming isolates in MDR-Mth was
significantly lower than that in population-based non MDR-Mtb
(27.0% and 39.3%, respectively), 6 identical clusters were found in
MDR-Mib isolates. It was been reported that some MDR-Mtb
isolates form clusters with identical genotypes [9-12,28]. Although
our collection of Mtb isolates analyzed in this study did not fully
cover all Mtb isolates before 2007, it is notable that four clusters
consisting of 20 (22.4%) MDR-Mtb isolates showed unique
MIRU-VNTR patterns that were not detected in non-MDR/
XDR-Mtb isolates from Osaka Prefecture and neighboring
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*MIC could not be determined because the isolate perished before we received.
doi:10.1371/journal pone.0042505.t004

regions. Based on similarities of genotype, drug resistance, and
mutations, we regarded all isolates belonging to OM-V02 and
OM-V03, and two isolates from OM-V04 (Nos. 002 and 020;
Table 4) as clones. Of these 17 isolates, 11 isolates were isolated
from newly diagnosed MDR-TB patients. It was shown that at
least these 11 cases were caused by infection not by result of
inadequate chemotherapy. Seven of 11 cases with OM-V02 Mth
were newly diagnosed, i.e., OM-V02 Mitb isolates likely trans-
mitted. Since insufficient epidemiological information was avail-
able, we could not predict whether the cause of the transmission of
these infectious MDR-Mtb were due to social behavior of patients.
Chronologically, for each OM-V02 clone, although the additional
mutation was observed in No.019, it was isolated earlier than other
XDR-Mitb isolates. XDR-Mitb isolates 019 and 073 were isolated
before the Nos. 050 and 051 from MDR-Mtb cases. These data
suggest that some MDR-V02 clones have remained multidrug
resistant and some other derivatives had acquired further drug
resistance and had become XDR-Mtb during the spread through
multiple infectious routes.

In addition, two additional OM-V02 clones were isolated after
the study period. Of these, one was isolated from a new MDR-TB
case and the other was from a re-infected patient cured of a drug-
sensitive Mtb infection (different from OM-V02) two years prior to
reinfection. Although the infectious routes of these two additional
cases were not specified, these cases support the evidence of
expansion by transmission of OM-V02 Mth. OM-V02 clones may
be warned as a big problem in public health, because XDR-Mth
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belonging to OM-V02 was highly resistant Mtb (Table 4) and
caused XDR-TB in the wide range of ages (Table3). The
systematical and rapid test of 2°¢ line drugs sensitivity and
genotyping are necded to detect OM-V02 clones or such drug
resistant strains. Furthermore, the improvement of TB control
containing enforced management of patients and thorough
contact investigation will be needed to prevent expansion of
OM-V02 clones or such strains.

Of 89 MDR-Mtb isolates, the most frequent mutation
conferring RFP resistance was S531L in 7poB (38/89, 42.7%; data
not shown), and the D516V mutation in 7poB of OM-V02 Mtb was
the third most frequent mutation conferring RFP resistance in 89
MDR-Mth. The S531L mutation in 7poB was reported to not
cause reduction of fitness, especially in the Beijing lineage [29,30],
and the D516V mutation did not to impair fitness compared with
drug-sensitive clinical isolates [31]. Thus, it is conceivable that the
combination with the phylogenetic structures of OM-V02 MDR-
Mtb and the mutations conferring resistance to OM-V02 carries
a relatively low fitness deficit. Although we could not determine
the veritable cause of OM-V02 predominance in this study, it is
possible that some Mtb clones like OM-V02 retain or strengthen
infectiousness and/or have the ability to progress to an active form
of the disease following the acquisition of drug resistance.
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In spite of the high ratio of OM-V02 among MDR/XDR Mtb
isolates, we did not detect non-MDR/XDR-Mtb strains with
genotypes the same as OM-VO02. Thus, it is likely that a drug-
sensitive ancestral clone of OM-V02 or its derivatives have lower
fitness cost than OM-V02 MDR/XDR-Mtb strains. This suggests
that the well-organized medical treatment of TB patients with
multiple drugs in Osaka, Japan might bring about colonization by
selected transmissible highly drug-resistant Mtb clones. Thus, this
study highlights that the spread of highly drug-resistant Mtb is not
only a problem in developing [24] countries, but also in developed
countries with excellent medical care systems, such as Japan.
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Protection by a Recombinant Mycobacterium bovis Bacillus Calmette-
Guérin Vaccine Expressing Shiga Toxin 2 B Subunit against Shiga
Toxin-Producing Escherichia coli in Mice

Jun Fujii,> Mariko Naito,? Takashi Yutsudo,® Sohkichi Matsumoto,® Daniel P. Heatherly,® Takeshi Yamada,” Hideyuki Kobayashi,f

Shin-ichi Yoshida,® and Tom Obrig?

Department of Bacteriology, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan®; Microbiology and Oral Infection, Graduate School of Biomedical

Sciences, Nagasaki University, Nagasaki, Japan"; Discovery Research Laboratory, Shionogi & Co.,

Ltd,, Toyonaka City, Osaka, Japan®; Department of Bacteriology, Osaka City

University Graduate School of Medicine, Osaka, Japan?; Department of Internal Medicine/Nephrology, University of Virginia, Charlottesville, Virginia, USA®; Department of
Chemistry, School of Medicine, University of Occupational and Environmental Health, Kitakyushu City, Japan'; and Department of Microbiology and Immunology,

University of Maryland School of Medicine, Baltimore, Maryland, USAY

We have developed a novel vaccine against Shiga toxin (Stx)-producing Escherichia coli (STEC) infection using a recombinant
Mpycobacterium bovis BCG (rBCG) system. Two intraperitoneal vaccinations with rBCG expressing the Stx2 B subunit (Stx2B)
resulted in an increase of protective serum IgG and mucosal IgA responses to Stx2B in BALB/c mice. When orally challenged
with 10 CFU of STEC strain B2F1 (091: H21), the immunized mice survived statistically significantly longer than the nonvacci-
nated mice. We suggest that intraperitoneal immunization with rBCG expressing Stx2B would be a potential vaccine strategy for

STEC.

€ higa toxin (Stx)-producing Escherichia coli (STEC) or entero-
i%hemorrhagxc Escherichia coli (EHEC) is a causative agent of
hemorrhagic diarrhea (33), hemolytic uremic syndrome (HUS)
(12), and neurological damage (36). In Sakai City, Japan, 7,892
schoolchildren and 74 teachers were affected in a large outbreak in
1996 (25). One hundred twenty-one individuals developed HUS,
and three females died with complications of the central nervous
system. A large outbreak of Shiga toxin 2-producing enteroaggre-
gative E. coli (EAEC) O104:H4 occurred in northern Germany in
May 2011. In total, 16 countries in Europe and North America
reported 3,222 infectious cases resulting in 810 (25%) cases of
HUS and 50 deaths (7). In Japan, between late April and early May
2011, an outbreak of Stx2-producing EHEC O111 infection oc-
curred in Toyama, Fukui prefecture, and Yokohama. A total of
169 people developed diarrhea, 30 (17.8%) developed HUS, and
surprisingly, encephalopathy developed in 47% (fourteen cases)
of the HUS patients; five patients died with neurological manifes-
tations, including somnolence, coma, and convulsions (21). In the
town of Walkerton, Ontario, Canada, in 2000, approximately
2,300 people became seriously ill and seven died from exposure to
STEC-contaminated drinking water. These outbreaks emphasize
the need for a protective vaccine for EHEC in the general popula-
tion as well as in the case of possible bioterrorist attacks.

The Stx family includes Shiga toxins (Stxs) produced by Shi-
gella dysenteriae and by E. coli (Stx1, Stxlc, Stx1d, Stx2, Stx2c2,
Stx2d, Stx2e, or Stx2f) (26). Strains producing Stx1, Stxlc, Stx2,
Stx2c, Stx2d, and Stx2e have been isolated from human infections,
and Stx2e-producing strains have been isolated from pigs. Stx2d is
the most potent of the Stxs in mouse lethality due to increased
toxicity after toxin activation by mouse intestinal mucus (14).
There is a high (86.6%) nucleotide sequence identity among the B
subunits of the Stx2 variants (32). However, alower proportion of
patients developed HUS after infection with Stx2d-producing
STEC versus Stx2- or Stx2c-producing STEC (8). All members of
the Stx family are comprised of 1A and 5B subunit proteins (29).
The A subunit is an N-glycosidase, which removes adenine from
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nucleotide 4324 of 28S RNA of the 60S ribosomal subunit (3),
rendering ribosomes inactive for protein synthesis (30). Each B
subunit binds with high affinity to the glycosphingolipid globo-
triaosylceramide (Gb3), which is expressed on the surface of eu-
karyotic cells (18).

Bosworth et al. reported that vaccination of pigs with a genet-
ically modified nontoxic form of Stx2e (E167Q) induced antibod-
ies to Stx2e (2). Pigs vaccinated with Stx2e (E167Q) had areduced
incidence of subclinical edema disease and never developed clin-
ical edema disease. Acheson et al. reported that oral administra-
tion of an Stx1 B-subunit-expressing Vibrio cholerae vaccine strain
[CVD 103-HgR(pDA60)] caused development of neutralizing se-
rum antibodies to Stx1 in rabbits (1). Rabbits immunized with
Stx2 toxoid were fully protected from the intravenous administra-
tion of 10 and 50 50% lethal doses (LDs,) of Stx1, and this corre-
lated directly with protection from binding of this toxin to target
organs (19).

Bacillus Calmette-Guérin (BCG) is a live attenuated strain of
Mpycobacterium bovis that offers potential advantages as a vector
for mucosal delivery of antigens. Recombinant BCG (rBCG) elic-
its protective humoral immune responses to a variety of antigens.
A single intranasal vaccination with rBCG expressing the outer
surface protein A antigen from Borrelia burgdorferi resulted in a
protective systemic IgG response and a highly sustained secretory
IgA response, and, surprisingly, prolonged effects lasted more
than 1 year (15). Protective responses have been achieved with
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FIG 1 Recombinant BCG expressing Stx2B. (A) Schematic representation of rBCG-Stx2B. ori, origin of replication for BCG; neo, neomycin resistance gene.
Endonuclease restriction sites are indicated by lines. (B) Expression of K-alpha-Stx2B fusion protein and K-alpha complex protein in the supernatant of
rBCG-Stx2. Lanes: M, molecular mass marker; rBCG-SV, 20 yug of secreted protein from BCG transformed with empty plasmid; rBCG-Stx2B, 20 p.g of secreted
protein from BCG transformed with pSOJK1-Stx2B. Western blot analysis was done with polyclonal anti-K-alpha antibody and monoclonal anti-Stx2 antibody.
The arrow and arrowhead show the K-alpha~Stx2B fusion protein and K-alpha complex protein, respectively.

rBCG in pneumococcal infection (16), leishmaniasis (4), and ro-
dent malaria (23). Here, we have constructed an rBCG that ex-
presses and secretes the Stx2 B subunit (Stx2B) to efficiently elicit
host humoral immune responses against STEC infection. Our
rBCG system expressed the Stx2B as a fusion protein in live BCG
and caused humoral responses against Stx2B as serum IgG and
mucosal [gA in mice. We have constructed a shuttle vector ex-
pressing Stx2B (pSOJK1-5tx2B) and transformed BCG with vec-
tor pSOJK1 or pSOJK1-5tx2B by electroporation. Finally, a strep-
tomycin-treated mouse model infected with Stx2d-producing
STEC strain B2F1, which is highly virulent in mice, was used to
confirm the effects of rBCG in a challenge test.

MATERIALS AND METHODS

Bacterial culture. BCG Tokyo was used as a host for plasmid pSOJK1 (22

and its derivatives. BCG Tokyo and its transformants were grown in
Middlebrook 7H9 broth (BD Diagnostic Systems, Sparks, MD) supple-
mented with 10% albumin-dextrose-catalase (ADC) enrichment (BD Di-
agnostic Systems, Sparks, MD) and 0.05% Tween 80 (7H9 ADC medium).
For immunization of mice, rBCG-Stx2B or rBCG with shuttle vector
(rBCG-SV) was grown with shaking (100 rpm) at 37°Cin 7H9 ADC. After
3 days of incubation with shaking, rBCG was pelleted at 4,000 X g and
washed twice in phosphate-buffered saline (PBS). The optical density at
600 nm (ODg,) was measured, where 1.0 ODgq, unit was estimated to be

December 2012 Volume 19 Number 12

108 CFU/ml of rBCG. Also, to confirm the bacterial count obtained using
the ODgqq, rBCG was counted by the colony assay method on Middle-
brook 7H10 agar plates.

EHEC 091:H21 strain B2F1 producing Stx2d (provided by Alison
O’Brien) was grown in Luria broth (L broth) (Bacto tryptone, 10 g; Bacto
yeast extract, 5 g; NaCl, 5 g; glucose, 1 g; H,O, 1 liter) at 37°C overnight,
after which the organism was washed once with PBS by centrifugation
(6,000 X g for 20 min). The bacterial suspension of B2F1 producing Stx2d
was adjusted to approximately 10> CFU/ml in PBS.

Purification of Stx2. Stx2 used in this study was purified as described
previously (37) and was determined to be free of detectable lipopolysac-
charide by the amebocyte lysate test. Purity was also confirmed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and cytotoxic potency
in a Vero cell assay.

Construction of an Escherichia coli-mycobacterium shuttle vector
that expresses the Stx2 B subunit. The gene encoding E. coli Stx2B was
designed from the B subunit of bacteriophage 933W (accession no.
X07863; positions 1210 to 1476) and amplified from E. coli 933W by PCR
using designed primers. The nucleotide sequences of the oligonucleotides
were as follows: forward primer, 5'-CCCCTCGAGTGCGGATTGTGCT
AAAG-3', and reverse primer, 5'-CCCCTCGAGGGGTCATTATTAAAC
TGCA-3' (restriction sites for Xhol are underlined). These primers con-
tained the sequences for Xhol restriction sites to facilitate ligation into
pSOJK1. The amplified DNA was cloned in pGEM-T Easy vector (Pro-
mega Co, Madison, WI). The DNA sequence of the Stx2B gene and addi-
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FIG 2 Two immunizations of rBCG-Stx2B, serum IgG antitoxin response, and challenge test with purified Stx2. (A) On day 0 and day 14, BALB/c mice were
immunized i.p. with rBCG-Stx2B; each group received 10° (n = 7) or 107 (n = 8) CFU of rBCG-Stx2B or PBS (1 = 6). On day 28, anti-Stx2B serum IgG antibody
was measured using ELISA. *, P < 0.05. (B) On day 28, the challenge test with purified Stx2 was performed. The survival rates are shown. *, P < 0.05.

tional Xhol sites were confirmed by DNA sequencing with an ABI 377
DNA sequencer (Applied Biosystems, Foster City, CA) to be matched with
the Stx2 B-subunit gene under accession no. X¢7865 (see Fig. S1 in the
supplemental material). The Stx2B gene fragment was digested with Xhol
and was cloned into the Xhol site of the Mycobacterium kansasii K-alpha
(antigen 85B) gene in pSOJK1 (22). The resulting plasmid, pSOJK1-Stx2B
or pSOJK1, was transformed into BCG by electroporation as described
previously (23) (Fig. i1A). rBCG-Stx2B was selected on Middlebrook
7H 10-oleic acid-albumin-dextrose-catalase (OADC) agar (BD Diagnos-
tic Systems, Sparks, MD) containing 20 pg/ml kanamycin (Meiji Seika
Co.Ltd., Tokyo, Japan) and by culturing at 37°C for 4 weeks. Kanamycin-
resistant colonies were then transferred to Sauton medium as described by
Gheorghiu et al. (9) and grown at 37°C for 3 weeks. Culture supernatants
were then obtained by filtration of the culture medium of rBCG through
a membrane filter with a pore size of 0.45 pm (Nihon Millipore KK.,
Tokyo, Japan) and then concentrated by ammonium sulfate precipita-
tion. Twenty micrograms of secreted protein was examined by SDS-PAGE
and by immunoblotting as described previously (24). The membrane was
then reacted with polyclonal anti-K-alpha antibody or anti-monoclo-
nal Stx2B antibody (ViroStat Inc. Portland, ME). K-alpha was purified
from the supernatant of rBCG-SV that was transformed with only
pSOJK1 as described previously (28). Polyclonal anti-K-alpha sera
were obtained from female rabbits (Japan SLC, Shizuoka, Japan) after
multiple injections of K-alpha emulsified with incomplete Freund’s
adjuvant (Sigma, St. Louis. MO).

i.p. immunization. Ten-week-old female BALB/c mice were pur-
chased from JAX Mice and Services (Bar Harbor, ME). Mice were immu-
nized by intraperitoneal (i. p.) injection of 10° or 10” CFU of rBCG-Stx2B
or 107 CFU of rBCG-SV followed by one booster 2 weeks later. This
experiment was approved by the Animal Care and Use Committee,
Kyushu University.

The first protocol for the immune response and Stx2 i.p. challenge test
is shown in Fig. 2. Ten-week-old BALB/c mice were immunized with 10°
or 107 CFU rBCG-S$tx2B or with PBS. The second protocol, to test a lasting
immune response, is shown in Fig. 3. Ten-week-old BALB/c mice were
immunized with 10% or 107 CFU rBCG-Stx2B or PBS i.p.

Oral challenge with strain B2F1 in streptomycin-treated mice. Im-
munized mice were given water containing streptomycin (5 g/liter) (Meiji
Seika Co. Ltd., Tokyo, Japan) ad libitum for 3 days to reduce the level of
normal intestinal flora before oral inoculation with B2F1 (27). On day 3 of
streptomycin treatment, the mice were starved for one-half day, giving
water containing streptomycin, and then orally inoculated with 0.5 ml of
B2F1 suspension (10° CFU). After the inoculation, food was resumed.
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B2F1 is the most virulent of all EHEC strains after oral infection of strep-
tomycin-treated mice (LD, of 10 CFU after oral infection) (17). The mice
were observed for 2 weeks after oral inoculation of the B2F1 strain.

Challenge of mice with purified Stx2. Ten-week-old female BALB/c
mice were immunized by i.p. injection of 10° or 107 of rBCG-Stx2B or 107
CFU of rBCG-SV followed by one booster 2 weeks later. The numbers of
mice per test group for mice inoculated with 10° or 107 CFU rBCG-Stx2B
or 10’ CFU rBCG-SV were 7, 6, and 5, respectively. Two weeks after
vaccine administration, a dose of 2.9 ng/mouse (approximately 2 LDs,) of
purified Stx2 was injected i.p., and the mice were then observed for 2
weeks.

ELISA of serum IgG and mucosal IgA anti-Stx2B antibodies. Anti-
toxin responses in serum and stool were determined by enzyme linked
immunoassay (ELISA) under conditions similar to those previously de-
scribed (16). Briefly, 96-well ELISA plates (Costar, Cambridge, MA) were
coated overnight at room temperature with 1.5 mg/ml of purified Stx2 in
PBS. Nonspecific sites were blocked by incubation with 1.0% bovine se-
rum albumin (Sigma, St. Louis, MO), 5.0% sucrose, and 0.05% NaN,.
After washing, the plates were incubated at room temperature for 2 h with
1:500-diluted serum samples. The bound Stx2-specific IgG was deter-
mined with sheep anti-mouse IgG horseradish peroxidase-conjugated an-
tibody (GE Healthcare Bio-Sciences Corp., Piscataway, NJ) and subse-
quently developed with 3,3',5,5'-tetramethylbenzidine substrate solution
(Thermo Fisher Scientific Inc., Rockford, IL). After addition of stop solu-
tion (2 N H,SO,), the wells were read at 450 nm. IgG concentrations were
determined by plotting the sample values against a standard curve.

Analysis of mucosal IgA was performed as described previously (10).
Briefly, stool was collected from animals in edch group and rehydrated in
PBS containing 3% bovine serum albumin and 10 mM phenylmethylsul-
fonyl fluoride (PMSF) (Sigma, St. Louis, MO) overnight. Samples were
centrifuged at 10,000 X g, and the supernatant stored at —20°C until
required. For IgA analysis, the wells for the test samples were coated with
2.0 mg/ml of purified Stx2 in PBS. For the standard curves, the wells were
coated with goat anti-mouse IgA affinity-purified antibody (Bethyl Lab-
oratories, TX). ELISA was performed as described above. The bound
Stx2B-specific IgA was determined with goat anti-mouse IgA horseradish
peroxidase-conjugated antibody (Bethyl Laboratories, TX) diluted
1:5,000, added to all of the wells, and incubated at room temperature for 2
h. The concentration of immunoglobulin was calculated from the optical
density at 450 nm with standard curves. ELISA was performed on the
three test groups (i.e., 10° or 107 of rtBCG-Stx2B or 107 CFU of tBCG-SV),
with serum or stool samples from PBS-injected mice as controls for each
ELISA run. The ELISA results for each group were divided by the result for
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FIG 3 Immune response to $tx2B and oral challenge with strain B2F1 in streptomycin-treated mice. On day 0 and day 14, BALB/c mice were immunized i.p. with
either PBS (n = 9), 10° CFU of rBCG-SV (n = 6), or 107 CFU of rBCG-Stx2B (n = 6). (A and B) The IgG (A) and IgA (B) ratios were obtained as the sample
OD,5¢/control OD,5, with PBS-treated mice. *, P < 0.05. (C) On day 0 and day 14, BALB/c mice were immunized i.p. with rBCG-Stx2B, and each group received
10° (n = 7) or 107 (n = 8) CFU of rBCG-Stx2B or 107 (n = 6) CFU of rBCG-SV. The challenge test of oral inoculation of 10* CFU of B2F1 was performed on day

28. The survival rates are shown. **, P < 0.001; *, P < 0.05.

the control. Since the IgG or IgA concentration for PBS-injected control
mice was different for each ELISA plate of the three groups, the results
shown are a ratio of IgG or IgA concentration in serum and stool samples
from PBS-injected mice compared to that in the three groups.

Statistical analysis. Statistical analysis involved analysis of variance,
which was followed by unpaired Student t, Bonferroni, and log rank
(Mantel-Cox) tests with SPSS 19. Statistical differences were considered to
be significant at a P value of <0.001 (**) or <0.05 (*).

RESULTS

Antigen production by rBCG-Stx2B. rBCG harboring pSOJK1-
Stx2B expressed the K-alpha—Stx2B fusion protein (38.7 kDa) in
culture supernatants (Fig. 1B). The expression of fusion protein
was observed only in the supernatant of rBCG-Stx2B. The fusion
protein reacted with both anti-K-alpha serum and anti-Stx2B
monoclonal antibody. There were also additional bands 0f 22 and
14 kDa that were recognized by anti-K-alpha rabbit sera (Fig. 1B).

Immune response of mice to Stx2B and challenge with Stx2.
On days 0 and 14, 10-week-old female BALB/c mice were immu-
nized with rBCG i.p., and each group received either 10° or 10’

December 2012 Volume 19 Number 12

CFU of rBCG-Stx2B or PBS. On day 28, the increase of serum IgG
antibody to Stx2B was checked by ELISA. The serum IgG levels in
mice immunized with 107 CFU rBCG-$tx2B were higher than
those in mice treated with PBS or 10® CFU of rBCG-Stx2B (P =
0.04) (Fig. 2A). No significant differences were detected between
mouse groups immunized with 106 tBCG-Stx2B and PBS. To con-
firm the high IgG levels in the sera from mice immunized with 107
rBCG-Stx2B, a challenge test was performed with purified Stx2 in
the mice at day 30. The group inoculated with 10” CFU of rBCG-
Stx2B survived statistically significantly longer than control mice
inoculated with rBCG-SV and 10° CFU of rBCG-Stx2B (Fig. 2B).

Immune response to Stx2B and oral challenge with strain
B2F1 in streptomycin-treated mice. A long-lasting serum IgG
and mucosal IgA response was observed following i.p. immuniza-
tion with rBCG-Stx2B. The levels of serum IgG and mucosal IgA
generated against Stx2B were followed for 2 months after the first
immunization. Statistically significantly strong IgG antibody re-
sponses were observed in mice immunized with 10” rBCG-Stx2B
(Fig. 3A) compared with rBCG-SV at day 28, but this response did
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not last for 2 months. IgA antibody responses lasted for 2 months
in mice immunized with 10® or 107 rBCG (Fig. 3B).

For the challenge test, we used a streptomycin-treated mouse
model of infection with the most virulent strain of Stx2d-produc-
ing E. coli, strain B2F1. Forty-two days after the first of two immu-
nizations, mice were challenged with 10° CFU of B2F1 for protec-
tion against STEC infection. The 14-day survival rates for the 10°
and 107 CFU rBCG-Stx2B inoculation groups were 57% and 63%,
respectively. In addition, the group inoculated with 10° or 107
CFU of rBCG-5tx2B survived statistically significantly longer than
control mice inoculated with rBCG-SV (P = 0.04 [*] or P < 0.001
[**], respectively, by the log rank test) (Fig. 3C).

DISCUSSION

Alpha antigen (antigen 85B) is the most potent immunodominant
and secreted antigen of mycobacteria. Previously, our group had
succeeded in expressing foreign antigens in BCG as a fusion pro-
tein with K-alpha. The rBCG system has advantages, and BCG is
perhaps the safest vaccine that has been used in humans (31). In
this study, we inserted the Stx2B gene into the K-alpha gene and
constructed an rBCG strain expressing Stx2B. In the first protocol
(Fig. 2A), we did not expect a longer survival time for the group
inoculated with 10° CFU rBCG-Stx2B because the group did not
have a good serum IgG antibody response to Stx2B following the
immunization with rBCG-Stx2B. In the second protocol (Fig.
3A), the immunization with 10° CFU rBCG-Stx2B induced a high
mucosal IgA response that lasted for 2 months. It was determined
whether the mucosal IgA response induced by 10° CFU rBCG-
Stx2B could neutralize purified Stx2d. The group inoculated with
10® CFU of rBCG-Stx2B survived statistically significantly longer
than control mice inoculated with rBCG-SV (Fig. 3C). We con-
clude that an increase of serum IgA antibody against Stx2B re-
quired 107 and 10° CFU of rBCG-Stx2B and the mucosal IgA
response induced by 10° CFU rBCG-Stx2B had an inhibitory ef-
fect, absorbing Stx2d produced by the B2F1 from mouse intes-
tines. Importantly, at day 28, higher IgA levels were observed in
the mice inoculated with 10° than in those inoculated with 10
CFU of rBCG-Stx2. Inoculation with10® CFU rBCG-Stx2B did
not result in a high serum IgG or IgA response, and this group did
not survive longer following an oral challenge with B2F1 (data not
shown). It appears that this high dose of rBCG-Stx2B may inter-
fere with the production of functional IgA antibody to Stx2B at
day 28. Additionally, a high dose of purified Stx2B (361 ng/mouse)
with adjuvant had the same result in that the IgA mucosal re-
sponse to Stx2 reached an 8.27-fold level but no IgG response was
observed at 56 days (data not shown). The IgA, but not IgG, re-
sponse may be easily induced by Stx2B. Langermann et al. re-
ported that a single intranasal vaccination with rBCG expressing
OspA, an outer surface protein of Borrelia burgdorferi, resulted in
aprolonged protective systemic IgG response for more than 1 year
(15). On the other hand, a single i.p. inoculation of rBCG express-
ing E. coli heat-]abile enterotoxin induced IgA and IgG antibodies
for 5 months (10). These studies show that effective routes of
rBCG inoculation should be considered and selected. Kawahara et
al. reported that oral inoculation with freeze-dried rBCG-
pSOV3J1 induced HIV-1-specific mucosal and systemic immune
responses in guinea pigs (13). When Stx1B was used together with
cholera toxin for the intranasal immunization of BALB/c mice,
strong enhancement of the immune response was observed (11).
Recently, Tsuji etal. reported that intranasal vaccination with His-
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tagged StxB plus a mutant heat-labile enterotoxin is effective for
preventing Stx1 or Stx2 toxemia in mice (35). For intranasal or
oral immunization with rBCG-Stx2B, further studies will be
needed.

Recently, Western blotting and ELSA were used to detect anti-
body to Stx2B in plasma specimens from HUS patients (¢). Cohen
et al. reported that B lymphoid cells are susceptible to Stx1 and
that the vast majority of Stx1-sensitive B cells belong to the IgG-
and IgA-committed subset, whereas most IgM-producing cells are
resistant to Stx (3). Susceptibility of mouse B lymphoid cells to
Stx2 has yet to be reported. Not only Stx holotoxin but also extra-
cellular recombinant StxB (28) and anti-CD77 monoclonal anti-
body (34) induced apoptosis in a Burkitt’s B-cell lymphoma cell
line. It is possible that a very high production of IgG in response to
Stx2B might make a murine immune system imbalanced, and asa
result, the 1gG response in the present study did not last for more
than 2 months. In conclusion, intraperitoneal immunization with
rBCG expressing Stx2B was protective in the streptomycin-treated
mouse model of STEC infection with the virulent strain of Stx2d-
producing E. coli, strain B2F1. The production of antibodies
against Stx2B, serum IgG and mucosal IgA, was maintained for 2
months in BALB/c mice.
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— MRETDH, BENLZMREOREIRE SR
Y. BREDORA I ZXLIFHTH 525, &
BOHDH BCG (b LLITMMEZ BCG) DRES
EBMARBIZL o TEEIRE TSI L-T—X b
TIFYDANTF IS DT I F VRIS
HETHLHDPH Lz,

BERT 7 7 VHREOBIR

BERMEFOFH LS Y 757 ik, Oz
BCG, Q#M#z HFHEE, ORSv2rF v,
@VANARZ ¥ —HMz 775V, OREILHE
HI I F AT HIENTES. LTSRS
DEREPRLTRANTS (D).

1. #8# X BCG (recombinant BCG)
BCG I B OB R RERE ST+ 54
B85, LI BCCHAREL-BEEHTES

BEANRETZIELTBCC A RBTARATHS.

BRI 7 F 7 2 BE L TR S N0,
Antigen 85B % HH X-47-#¥ 2 BCG, rBCG30
Thb. 2004 F2H IHABRERZ TV,
BCG iZ, Region of deleted 1 (RD1) #HIR%
RNATWAB D, HUERRHBEATIZEALEDOH
BB 7 7 TV — AR EToTWD, HHE
L LTH47% CD8 etk T MikatEHiks a2k
AT E RV, Kaufmann S, EpH T7 7 TV
—LBEERETHIATFVTOERE LT —¥
DRHE L7z BCGIZHH S ¥ Mt 2 BCG, rBC
G A UreCHly+(VPM1002) % fEf L 72. rBCGA
UreCHly+ix CD4 Mz & & 312 CD8 % Tw
17 MR OFEENZE L, BCG Bkt 82 5%h%
DHHEFHPLTWEY, B, £ IHERR
HET 7Y AEMETETHTHS.

2. B % 55515 E (attenuated auxotroph
Mycobacterium tuberculosis)
BRREOFEREER TS Z L TENE, W&
BHEZDLDITREWHE TREZ DT A Z LA
BEICR S, BEBREERAT 00805/
A LEEN 2T EOBET 2 RESERHELD
B & BHIE U -8R 2 SRR A ER S hTw
3. W H37Ra BROREHEOHRITH L 2
b B B HIERSF D phoP, €% IV B5D
EREFE (panC, panD), fadD26, secAd 7= E%R
KRR REEROE T HRBIHEE > T30,

3 H9DoFEFPT2IX b~ (component

vaccine)

BT 7 F EET 7 F LI RESEIZER,
HIV EEFICHO BT RETHS. M2 T, HE
BERSHELELGS LTHET A 01T, RBERT
MEZFELLTVHERH L. BAT7 7 F U
BOFERIILY, TREREZENE LTTbh
7o, THIZERREORMRD, FWTAEHEL
BT HEDERIZE S, HHRELFETIH
BHESWERZEX, Antigen 8B (aHiE) % &
EA%UF & LT, Antigen 85 complex, ESATS,
MPT51, MPT64, HBHA, Mitb32 7% EHFE S
nTw5b, L L7225, Dnak, Mth39, HSP6S5,
MDP1W 7% &, et BEAEIC b BlREL 5
BETAHELSREACIN TS,

BEOWEENAT) y FEEHZETLIDH
WHREDEEBEETEIBAEAEY 7 F VR
feEh T3, Mtb72f if, Rv1196 & Rv0125,
Hybridl i&, Antigen 85B {2 ESAT6 #zx7:%
@, HyVac-4 1% Antigen 85A & B2 TB104 %
MMZTRET 75T, B IHBKRRBREHZ,
Mtb72f 12D T8 THRBRIETF TH 5.

BRADHAEBE DL K FRERHERICL 2L
o, BEROKRBHRELZFHLLEY 755
BE&hTws., HEMEETSH 5 ESAT-6 %
Antigen 85 ChZ, BEHICHRENIIER TS
HUE Rv2660c Z MR 72 H56 7 7 F V MERE & h,

FEFR L&Y Vol39 Noz 20123.— 133@ 045
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*£1 BERRPOELEKT I F >

7 o HERR, WifTE wE
$H# 2 BCG
rBCG30 A7+ =T KE, Horwitz & Antigen 85B % BCG & h 3. % I HFAEKK
F
BCG::RD1 78 27— WEFFERT, Cole 5 %W o RD1 % BCGITANRLZD D
rBCGA UreCHly+ v I RATT W%, Kaufmann & 8 1 4HRERH
Bz BEEEH

M. tuberculosis mc*6030 = 2 — 33— k2, Jacobs &

M. tuberculosis PhoP Za—3g—27 K%, Jacobs b

panCD ¥ RD1 $U8i% K& S ¢ 7 KM, 51
e e
PhoP % K% 8¢ -8B, % 1 AsHH

BRATIF
Mitb72f Corixa ¥, Reed & Mtb39 & Mtb32 DRAEBE. # IHRRH
Hybrid-1 Statens Serum Institutes, Andersen & Antigen 85B & ESAT6 DBAEHH. %1
HRERFEH
HyVac-4 Statens Serum Institutes, Andersen & Antigen 85B & TB104 D& HEHAE. £ 148
BB A

TAWANY B~ BZT I F >
HV]-liposome/HSP65 IR IREE, MES
DNA+IL-12 DNA

R HSP65 & IL-12 BIEF &£ U RV —
LHALIZT S F Y

MVASSA t w2 X7 +—FRE, Hill b g2 374 VA% BT Antigen 85A %
RESELDO
Ad35 TB-S Aeras ¥, Goudsmit & TF) I A4 WARY ¥ —% AT Antigen 85
A, 85B, TB104 #HEHI¥/bD
FEEEET 75
M. vaccae ¥— b AKZE, Pallagyo & % AR
M w Institute for Leprosy and Other 5% M AR

Mycobacterial Diseases, Katoch &

TIRRY =T A FIVEF B W CHEREFR
RERERIIET A EARERT WSS,

—RRKGT 7 F  ORBEREEIIERT 7 F
WZEBIOREREDETH BT Vary b b
BLTdh TVaNy MIBRBEEZEELETS.
HRSEEY 707 7y — V@ iRg0 8y —
RREFFOER AL TERESR, THE
~NDOPFEIORPfTONDL T & TEERBEORE &
RELEIER SIS, BEHOBEEERS L,
Toll-like receptor (TLR) 2% TLRY (¥hFh
VREHHEE CpG-DNA) ZRIEL, chbHod
SRBIBREGHREOFEICLELREEHE R
FTZEPHELPE LTS,

Mth72F 7% KR IER DO SGT 7 F ik, AS02
BREDTILRA DT TR 272" bEL
046 © 134 — R LY Vol39 No2 2012.3.

THALTYwA, $-#8EOFEMBERS T
Hbra—F7r7r¥%— (o —XY33-)N
) OUA Y A CRLZF YO Mincle £\ 9
BFTHLIENRALDLE RN, a—F7
77 ¥ —EUWE (synthetic analog trehalose-
6, 6-dibehenate (TDB)]) 27 Y a 3 &L
THATA RAD DS, BNTIX, BABCG
PP OILA LD, DNA DT V237 ME
WEMBLZOT 25 VEREEBL TV,

4 DA )ANRGG—B_RZ T O F > (inacti-
vated virus-based vaccine)
WEZOb02EETHOTEL, BREIK
DBEFERELT A VARY ¥ —1ZEBA LEK
WTRRASELTFETHS. ThoDTrF 2T,
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INFETCTE FTOERNF R REW2EE IR
Lz o wvds, NERREE LTEBE
RHIRY B 720 CD8 Ml &0 T il D
BICENS. T/ DNA FHROWEMOFEZEICLD
fHEPOEMICT 7 F V RERTE 5.

T3 T o4 IWVANT ¥ —% 5 Antigen
85A ZHIL &5 MVASSAT o, HEGEDOE
BIZBATF /94 IVANRYZ ¥ — X b Antigen
85A, Antigen 85B, TB104 %5345 Ad35 A%
el s, B, BIHBKRIABRFTHS. HE
Tk, BENLRREEEESPRESREE 5 -0
FHLIZE T, ARITNVF UV IL VARS F
—EFBELEZY A bA A4 v IL-12 L ERETE
HSP65 Z R EAET BT 7 F VHBERE N, &
A FNVETVTTFHRRDOH LI LIREN
"CU‘Z}IS).

5. MEIEEFEDOF
Mycobacterium vaccae ,
Mycobacterium smegmatis 7z £ DIERBEEERFT R
PRRE & AW AELEEY 7 72 D3R S BE
SINT05, BBEEOHBEREOEEZFALY
7F VYRR THSH. M vaccae \IZDOWTIR S Y
=7 T HIV B 53 46 % 555 T AHBRIRAER
PEBS NI, 37%DFR FHRIIIIAEZE
ZL) Thol. M witonTikd ¥ FIZTH
I AHBRRRBRD T b, BCG HMES B %)
EIFERENTWBY,

Mycobacterium w,

Y75 HRorar— -7 —HE

BT 7 F REICHTS, REE=F—T
Xp¥us—bv—H—FZEInb. THEEN
LFEEESND IFN-y i, BMGEIchETHD
PO, BMFHEBEICI A VT4 720 VR (6
METUR RS T M ER IFN- y A% BH)
BUHEBPLZNZ EPOHEREIND L), ZORE
ETHEEOENEEHELILZEIITERY. &
BTHBRSEAT S L2200, BHOYA
A VIBEERFTTHLEND L. BENESR

LT, VUyREO S YA 7 YT b — AEHR,
MERO 757437 AL BIT ISR TV A,

THBORNEHREICOWTIE, EE o
BHEDO&7%2 5T, KIEH (dormant) HEZME
AEbE, HEEEELBEEEEE Y &0 EER
BB EENT LI EFEETH LY. EEL,
AR L ), EREROBEE BRI
BOTHIFREL2EET AEENNELHFELT
W5 (ELLwmbEERIRILBROTE S & OIFE
BF%e). BEOHMRENGREHTHNIZ, B
WIZAKRATKRIRL, BERBREISRILT S0,
WIEEIBR IS T 2 IS THEOHZKEIEL
ETEDAREND 5.

BSRORYE

B TEMP VDD 0BMRATHS.
CNETOT I F UHBERHER LD, KRE
RHBIIRREIND L )R "ZEFPYEL” O
BHREDATHS. DT 7 F VHAEEKED
ATREET 77 ORBEIRETHY, 5%
PEOMEER—R R REREDERDATIE
BRI 7T VRABCELRWEHESNS., L
P LS ABED 1/3 PEEHEERERESETH
B0, BAED 0% ESRERRERATY
BEWIHEER, T2FVOBRENTHRTHS S
LERBLTWS, Lzl o TEERERORL
BREOBITIEY 7 F Y RBIIKRELSFEGTHIO
ThY, BERBIETZFimz, BRESLE
FEMIET 7 F ¥ ODERPFEBOREEZE L OIS
(HE1).

FEGOBIRE A B, HEOHIEE, A
BRREETHH. WHO I, 2050 4F F TR
DARBENLFELBIT 5, BEBIITRE
B 100 FALE-Y LAMTICT A2 &% HEE
BFTwb, FOERICE, BRACHENLT 7
FUORREIPHLEINSE., BEMNER, —RE
P2—RETHLETONDE DDOTIE RV, HEEH
DAy bI—=2IZMZ, ERBHFORENG %2
DBUHELLTWE.,
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& U 8

BRIE—REERCLAREEE L THRS
KTHN, b MNREREY A VA (HIV) BREE/
BREFIERSEERE(AIDS), v S T7ELd
R 3 KBREELIFIENTWS, &R TH
20BN (EAODH 1/3) FEREICBEREL TS
Y, 2010121388005 A (S5 B1105BIIZHIVE &
BRI MM ERE L, 140 A (5 B35AFIE
HIVE R 2B LY. BE, BRER
22005 A&vbhTwnb, HARIZBWTHZ,500
TR Tw5 EHfEE SR, 201012
#123,000 \ DS % 5, 2,100 AAFETS L722),
AR, HIV-ERERRGE, ERIMEES, B
TEASIZE G, WSS B IR IR R B,
) o FHERE & PIRRRRGYE (FRIS, Y1+
A VHEEFEICL D8R 1L, BEROE
BB LTWA, ERZZILEE - T -
BY(CHEOB L SICHETH Y, R
EDLOTCEETH 5.

B D2

1. EEMEEK & BEMEZERE
KR, FERE Mycobacterium tuberculosis (%
YfE i T SRR ) B SO RE LTINS 224K
FORFIZE D EHT A5 BETH L. 20D
FFIE, Bt oD EE, Lok,
&5, WELBICEEIND, 2070, %

BELFUEMEZEE LR, BRI R 7%
bEV. BHEBREEY, REEERAL, Hi
BAMRRICES L, £FIEN5 2 L CRIDS
BT B (BEZ OM30%). T/, BIEEOHL0
%AEEIERE A FAET 45, BV DH0% Tl
G U 745 1 ARIR IR RS (dormancy), T2 b
L, EEEEERERETHEIORNICEET S
(BAEMREERY). BERELEEER, &
1k, BEIRFE, REHIGIEEL(RENGIEE, 270
A FE, Jib 4 b oA VBEE | BESERRFo
(INF-o) FHESE 2 &), KEEE, HIVEG/AIDS
 EOBEREREOETICL Y, BF, #EY
BRL, HEMEEMERET S, ChENENE
BREER, RADEE, HREGEONIEEFIRIC
LD IEBEHE R RET 5 Z & 0% (70%) .
b5, /NER BFIREE (HIVEGLE/AIDS P
GEE L &) T, MBI L o THENMERH
RRELDS.

2. "B ®

REEOEYZENEME LT, OMlaNEE
%, QIRERSICETHIRE, O, OF
BEUL EVH L (R1). BERABERES T
LIEHRE, MEAEERERTH LD, Ml
BENRRZEEE(Z - VB IZER, 7T
LYt TIIEBERARERT. FOLD, JiEEHEk
et (Ziehl-Neelsen¥f, KinyounZef R #64x
)AL NE, HEBEEREIIARKEY 22>
TR gE%, \ER7 VI — IV ThE, 251

* Diagnosis of tuberculosis and nontuberculous mycobacterial diseases.
** Takayuki MATSUMURA, Ph.D., Manabu ATO, M.D., Ph.D. & Kazuo KOBAYASHI, M.D., Ph.D.: B3 B g fERF
FEPT IR ($162-8640 FEHHE X F 111-23-1) ; Department of Immunology, National Institute of Infectious

Diseases, Tokyo 162-8640, JAPAN
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VR AT 4T

R1 BEREOHE

BH(02~0.6X1~10um). HEM, i<, v/ 77-YR
RN | s o on i
. EERA D EE LD, BAETHY, LEWE bR, 7
5 Nt B, TN
ey MEAEOE BE % L) CHAE L, RELTR
g | ERRE 37T, R A2~ 15W. BRI i~
8 M
B | Rk B
AR Bl A, WFIE, EREE, ERTR, BEL
AET %77 2 (94.41Mb) DR
52 HANEHORE
AL 75 HRAER 2
D o EEEBAWE | BRI, ERA e | ERCEE
" ol > B
WK AR
o BEE~BA | Mk, EHTR Bk SR | RS
MRS & O
- EEECRT W RE BN W |REE SRR TENE
WIRERS | pps s WR L TE, BE | ek
) BhE TR
B - W el b2 RlE T At L U
» PRERATE | e osIR S ()
N . T, T, AR, B BESHIC L 5 T RRE
WEEE | RACERE fg%ﬁ*ﬁﬁ’ﬁmmﬁamﬁﬁm;agﬁ@%é
RERB OB O
Iy Y ERRE | R
B DEBCERE | RROED FIat
W5 X R AR IR
X, ENCHE

VTN THEET L. FIBEIERVEE"
LTEHESIS. HBEEUNOEFHESLL F
A R RBREEDORAF LT N—IZE ) F
B s, HBHEE A3 yu—
FIvhEOBEXBREFRNTREL, BET
VI — VU THEE, ERBEMECEHE T 5k
EEEDLELAVLNRTWS, HLEMETEH
BY5E, BOEETICRHEE G5 —B—
BE” OBEEEHET L. SRERRIES12~15
HEOEREFHTHA.

3. EEMMEREILOERRER

BB I IR & BRI E S h B
7, 80% LN IR TH A, MiEEOERE

L TR (Refctd, 2 BRLLL), Mk,
fafE, BEORES, RERITHLH, I,
BRI e BRIIEECTH D, gL L
Ti&, U UoNH, MIE, WRAEFER, & - B,
PO - PHERIARR, BERE - HALEROHAER Y
DEJNDH B (T 2).

4. EEMEEZOR

P& L ORBEAZET (3R 3) B L U HBIZHT
(FXHPHBHY. REEZHICE, BOBEK, ¥
EBIUEET DY, WENBEIE, B
X#2CT), WEMBEPLREFNRE (VX
2] v B PR RS R0 AR I BRI & B v 7 A
¥ -7z (IFN)yEEREBR)I B H 5.
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=3 WBRRRESEORMN < R

TR | () B P
TRILE. 35-70% CRTE (I
L | HIVEE, MR, NNSHEE).
e I O b i R E T e e
B v, BREEREAE. R (4
#5,000~10,000/W5 1 mL TR )
gy | EVREE (R0~ 100/MEB I mL | ooy oo o o vmpn -
S ﬂfﬁﬁ~ﬂﬁmm#%§m.ﬁﬁws;gg;@;Gﬁﬁzg'gm*
. EARE R
il AR L ER R AT E .
| 2535 TR EHREOS~100%). 7 | RN, FityRIE D 5
vl B R BRLSORTS A | B . B, JOEWEA,
AE) |5b. SAREEETORS | RETHIERCHT 5ANYRDR
R ¥)
(SRR X 0 31 EE)
B4 BEEBBEOET & E
BHBHE |HE (AR e P
e | RS H AR, Bl R
M| (| WL . AR SEEALE, HIVELE CIsH:
THEE
. 2~3 H % e B cladeeRe. EMMRPR
w0 | RESAEES M E R (g
RN
BRI RS RO D 5 L F i
I WERENS, 4SEEHBOBZ
UV agmem " O
%ggm (1@ |BCCHEMEOBUME | e mmurvmmszmso%D
ETBBT, EESEEE 025
% TR Y, BEEONSAS
i ROALE. SRS T
YR Y ARG L DB | 7E. DU TR
ANy | 4S8R | D). SEAE M, BOGH | FAE. BERR BB A K5
BERE | (LE) | EeEEShi, SERRETE | TERV. SRR S b EE
SRR A KT 5 | CRBMHREET. MNETOBIH
HEET

REARZHNIIEEN TH 505, PiEMEREIc
I Bk (ER) REREOSRE, BEHEOAL
57, FERENEHOERT A LENDH S (B
B). Fio, BREBICHEZEHD5,000~10,000/
W 1 mLE R 720, 3 EOREHHR S
h5n, 512, HIVEY/AIDSEE, /NE, Mot
REBRECREEICZY TV, RLEEED
BORERIEERETH Y, RBICLERAH
HA510~100/157% 1 mLE BRETH 575, 3%
R A2 ET 5 2 LAYRATH 5 ([EREEH (0

(CB & 0 5 HHE)

2 4h /Ml Lowenstein-Jensen, R H ©

Middlebrook 7H10, 7H11) : 4~8 8, Wk
o 10~14HBE)(F1). 72 B AREERY
EER Y7 — (CDC) X, BIEBHREMEREE
Z2UBELA, BREOSED L URAEKRE
10~14 B B\, SEHEORFBRSHRBE R T
15~30H LIRS TAZ L 2BE LTV A,

BIETHRE (PCR: & OB IR L) 13 R,
RECEREICENSLY, A LFEELTHET
EhnIEREEENTHAL I L, FIRNHME
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U TR BATE B4

| EERISEMR (B8, WK, K, R, BELY) |

| & E (NALC-NaOHBTLIZ) EiEE |
N /
| FiEB e (Zich-Neelsen), Bt |
| sEibiciEms (B, %) | BB (PCR)
v LA
|3 (B - 6, Wtk 28R | M. avium
M. intracellulare

[ (ERESEERERERR) |
!

BEREORE : £1b%, ¥
AccuProbe, DDH

I
B e a1

1 JREELREORL

(B, 1BREYE - BRal:, MR A, EfnTH
TERITK 3 2 HIFIE DRA) % EOEFTHH 5.
BT, EREQCRBELRN), BRE - BEETHE
BEEU 77 v rEEEE 2 RS
RE % 2 BB TR R Xpert® MTB/RIF) 7563
Ban, BELBERRERIHERSR, 20
BV EERIE IR E 729, Xpert® MTB/RIF
L HEEERICE D2 RBET 5 2 L2
FEINDY. BRI SRE T TORIIEA
WA, %8, BERICEL, BIEEEHIET
579, WREOHRBIZEINS (K1)
WEIBH (E 4 L LT, WX BREOBE
PRI, E, =W, WL, MMy v
NEERPHKA, EXMPRWERE - A,
WAER R L ERTH L, FRBAITEESTE
DEWiREED L - R TH L. LRED
F ARSI E CGRAD R T AL NS,
IS O RO SEE R EBEFERICD
ROLNBHRTHY, BHIFENTRL,
EEEETS.
HEOGEZNEMZINEL LT, YV 7
1) ¥ ARG (tuberculin skin test ; TST) 252
HICHEDPD 5. TSTTHW ST SRS
= LFICGW S A PUEEH & (purified protein
derivative ; PPD) i3 ¥ T DO EEHE (bacillus
Calmette-Guérin : BCGPIEE A EHTRESE) (2308
TH b7z, TSTHE(DHE | AHEE=10

mm, Bk BB REZS mm) FEEEEEOL
%53, BCGEEPIEEHEMBRERLETHE
WERT. HIZ, HEMEEREE DOR25%IETST
BiETH 5, TSTRMEIZIZEDBRYE (B HE AR
ge) & st (BRRHEBERRIC D 22 b 6 )
BhHY, BEEOCERE LT, REEE, S
H, RERR, Uy REHEE, AIBEEX
UL FIEE, BUHERL, Yol F-v
A, HIVEH (AIDS% &) R EfEA R (FE1ENH)
HERHD. L7z, TSTHEIZERENEOREIZIC
bl EICEETS.

fE, BEEFRENEQRIEZ AR
FRIREBIETE GRASIL AR & IV 72 IFN-yite
BEesER, IGRA) DSERIRIGH ST\ 59, FHASI
BN % BV 72IGRAKZH QuantiFERON® ; QFT
PTSPOTe.TBH H 5. QFT-3GIEHIE & LTHE
BRI ENEOEYE (early secreted antigenic
target 6 ; ESAT-6, culture filtrate protein 10 ;
CFP-10LTB7.7) AV &N, BWIRBEITMEL
Twa, IhbOHRBEIRBCGRITL A EDI R
MHHEBEICEE LRV, BEHEENE
BEICAT A2EECEIC L )RR (B
TR BRI R C R RIITRIE TS
A, FHEIZ, AHenzRBRENTIBREOE
KHE 2N HE (ESAT-6, CFP-10, TB7.7) TH#l
BL, 16~24FFEIBEER, MIITHEE - EEES
N 7=IFN-y%* enzyme-linked immunosorbent assay
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(ELISAE:) TEET 5 (Bt © 0.351U/mLEL L,
BE92.6%, HREIS8%). 1B, EIETIE
RGOS v b & LTTSPOTS.TBY
FHENTWA, TSPOTOEE, FHIME
MBa%5HE L, Hik MFNHE %A LR
TL— MR, BEEFEGUE (ESAT-68 &
UCFP-10) % #50 L Co0REMEEER L, DM, IFN-
YEE A= MR % enzyme-linked immunospot assay
(ELISPOTH:) TRHAUY 5. BB OB O
RN, FREABE (FRER, BEECRIETR
BN L AEREORE CTH AP, ZEREICS
W R ERE S HEE CHEEZEIICEDS v
%4, IGRAIHEIZHTE LTHERTH S, 7272
L, IGRAIXZWIORBITH > T, IGRAZT DS
BETHRESHZ LTdR 52w,

20104F 6 A IZREICDCH 5 IGRAD & H 54t
MWAEIND. QFTRT-SPOTOEAMII T T
RIS T 505, OBMERSBICBIT 25
P& D S DIEBIERE A~ EITHER, O5REH
KEBZ BT 22HOBE, ONREFII5®
Kil) B3 H & LB OBRIBE LR SICBIT5
BREGCFLEFEELE SN TS, &b, 2011
7 B RRERR (WHO) X2 W O R IE#
(e, BRE, Rig) 2#HE LT, KR
HC & BIEEMS OSSO IE 2 8E L
7o, ZOREIMERHEELAEANGLZEET 5D
DTHY, IGRALIZE o2 BLBBEETD
HOTEET 5.

QFTIL I AE R RS O B HT H A CRERR Y
AT A I EAHRIATWAS, IFEIEH
BELEML CEBICRE LSS, BRLE:
REBIZBWTQFTHBEC 2 5 F TOHMIIX
2~3 PR EEZONBY. LI=p5oT, Bl
BZTOQFTIZRERIM ICRREmMmD & Z DL
RRR7-EEACERT 5. BIROTSTIX R Y
KHERHTERL, BEOALR LT, BCGERES
IR T O B2 R 720, TSTH
IS ETE AR T 2 E 2 BRI BT 5
ZENBETH o7, QFTIRZ OMELY N E
L7z, BIEEESERE T 58 HaE, HERE
DR, PR, BCGHEER, REFEOFR
(RESRHERARR), BB, BEORR -
B OBBRR L E2 R, BIELWReE

47 431

REELEBEORERI A EEZERLTBLZ
EPLETHS.

INBOBBEEETIE, YR THEVRE
R EEZONTEY, QFTITERLZZHTY —
VTHhHAB. LoL, BEEBEEREOZHIC
BUTOL) 2HERHLOTEELETS.
AR, HRIC 5 BRI OALYE Tl RE A
RKEATHDY, QFTHBITOR, MEMREDRE
& L TRERCHV: b 15 JEF R Uphytohemagglu-
tinin (PHA) FIBUZ 3§ B IENILE 559 7201
[HEART | IR 5005 E{EOLND. T,
REREFETE IS 5 RBIDEITHAI &1
LD BRI EEED H 5. BREREE
BERBLERELTWI/NBENSE U ERE
BT, AYRITBITEQFTOBEESEL
P bEoEsE s ks L THEEIEWI L OB
PR oTHBY, /AR, FIC5FERMOILLYE
XBWTIQFTREED A % B BB R %
BRTAHIEEPEGTH A, SHIZTSTOHH
QFTI Y AEEFEVETIHELH VY, L)
BN EE RS E L BME RS T, TSTH
BEER L CREHRT 21T CEASEETH 5.
T8, PEEDETCHOHNIIQFTIER SN B
ETH5.

T7z, EEBROFHRMEOTAICKRL, QFT
REYERT S EHEREIND, IS, B
BEUEHEMT B - £HP, TOMERK
B 27 OEERBIZIE O ONE. &
HIRABBE~OQFTIREX, BB E RS
DAT) ==V T THbELEDBIZ, QFTN—X
SAVELTERTHA. FHERBREIEE
EHBLZGAE, BRICREEMEL ) AT
Ty 75, BRABROQFTMREMENZWET,
EEHEEEE L OBMBESEWIEEITE,
RELIZQFTRELZE/RTHAZLICED, ~X—
AFAVORBERLTHILEDPTRTHS.
FDM%, o TEMH 2~3 »HMEIZQFTIC X
LEMERSZIT). :

B ORBEZENBHTEL LTQFTIXTSTL Y B
BNIBELVWIMNEITCTHEBSINLZ LN
Vs, L, LA ETIIBCGEEENE (,
TSTOZHHME GFRE) 25 TH D, —H,
TSTOA Iz DWW TIE R — MFFEIZ L 544
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