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of CD3*CD4 HLA-DR™ cells, CD3"CD8 HLA-DR *cells,
CD4*CD25" Tregs, CD3~CD16”CD56" ¢ natural killer
(NK) cells, and CD3-CD167CD56%™ NK cells. The fre-
quencies of the immune subsets were analyzed by flow
cytometry using FACS Canto-II (Becton Dickinson, NJ,
USA).

ELISPOT assay

The detection of IFN-y and IL-10 was performed using an
ELISPOT Set (BD Biosciences, San Jose, CA, USA)
according to the manufacturer’s instructions. Cultures of
PBMCs were established in triplicate on round-bottomed
96-well plates for all time points investigated, at a con-
centration of 3 x 10° cells per well in 100 pl RPMI 1640
containing 10 % fetal bovine serum (FBS). Positive spots
were detected using an automated counting machine.

Detection of HBV-DNA and determination of HBV
genotype

DNA was extracted from 100 pl of serum using SMITEST
EX-R&D (Medical & Biological Laboratories, Nagoya,
Japan) and dissolved in 20 pl of nuclease-free distilled
water. The DNA preparation thus obtained (10 pl) was
subjected to nested PCR with primers targeting the S gene
of the HBV-DNA, as described previously [37]. Briefly,
first-round PCR was carried out for 35 cycles (98 °C for
10 s, 55 °C for 15 s, and 72 °C for 1 min, with an addi-
tional 7 min in the last cycle) in the presence of Prime-
STAR HS DNA Polymerase (TaKaRa Bio, Shiga, Japan)
and primers HB095 (sense, 5'-GAG TCT AGA CTC GTG
GTG GAC-3') and HB184 (antisense, 5'-CGA ACC ACT
GAA CAA ATG GCA CCG-3'), for 25 cycles. This was
followed by a second-round PCR consisting of 25 cycles
using the same conditions as in the first round, with primers
HB097 (sense, 5'-GAC TCG TGG TGG ACT TCT CTC-
3’) and S2-2 (antisense, 5'-GGC ACT AGT AAA CTG
AGC CA-3). The HBV genotype was determined by
phylogenetic analysis of the S gene sequence (437 nt) of
the HBV isolates.

Detection of HCV RNA

RNAs were extracted from 250 pl of serum using TRIzol
LS (Invitrogen, Tokyo, Japan). They were divided into two
aliquots and each was assayed by reverse transcription
(RT)-PCR with nested primers derived from the core region
and NS5A interferon sensitivity determining region (ISDR)
of the HCV genome. Nested PCR of the core region of the
HCV genome was carried out with primers CO08 (sense,
5'-AAC CTC AAA GAA AAA CCA AAC G-3') and CO11
(antisense, 5-CAT GGG GTA CAT YCC GCT YG-3') in
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the first round and C009 (sense, 5'-CCA CAG GAC GTY
AAG TTC CC-3) and CO010 (antisense, 5'-AGG GTA TCG
ATG ACC TTA CC-3') in the second round. Nested primers
that were derived from NS5A-ISDR of the HCV genomes
were designed to amplify a 188-bp product with C004
(sense, 5'-ATG CCC ATG CCA GGT TCC AG-3') and
CO005 (antisense, 5'-AGC TCC GCC AAG GCA GAA
GA-3') in the first round, and C006 (sense, 5-ACC GG
ATGT GGC AGT GCT CA-3') and C007 (antisense, 5'-GTA
ATC CGG GCG TGC CCA TA-3') in the second round.

Analysis of nucleotide and amino acid sequences

The PCR products were sequenced directly on both strands
using a BigDye Terminator version 3.1 Cycle Sequencing
Kit on an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA). Sequence analysis was
performed using Genetyx-Mac ver. 12.2.6 (Genetyx,
Tokyo, Japan) and ODEN (version 1.1.1) from the DNA
Data Bank of Japan (National Institute of Genetics,
Mishima, Japan) [38]. Sequence alignments were generated
using CLUSTAL W (Version 1.8) [39]. The phylogenetic
tree was constructed by the neighbor-joining method [40].
The reliability of the phylogenetic results was assessed
using 1000 bootstrap replicants [41]. The final tree was
obtained with the Njplot program (version 2.2) [42].

Plasmid construction

HBYV expression plasmids were constructed by previously
published methods. Serum samples were obtained from
two patients infected with HBV genotype Bj and two
patients infected with HBV genotype C. HBV-DNA was
extracted from 100 pl serum using a QlAamp DNA blood
kit (QIAGEN, Hilden, Germany). Four primer sets were
designed to amplify two fragments covering the entire
HBV genome. Amplified fragments were inserted into a
pGEM-T Easy Vector (Promega, Madison, WI, USA) and
cloned in DHSa competent cells (TOYOBO, Osaka,
Japan). Briefly, at least 5 clones of each fragment were
sequenced and the consensus sequence was identified and
used as a template for 1.24-fold the HBV genome of dif-
ferent genotypes (B1 indicates the genotype Bj35 clone; B2
indicates the genotype Bj56 clone; C1 indicates the geno-
type C-AT clone; and C2 indicates the genotype C-22
clone). The HCV-JFH-1 strain was provided by Dr.
T. Wakita (National Institute of Infectious Diseases,
Japan).

HCV and HBV expression in Huh 7 cells

Cell-culture-derived infectious HCV was generated as
described previously [43]. The HCV was quantified as
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follows: RNA was extracted from the Huh-7 culture super-
natant using a QIAamp Viral RNA Kit (Qiagen, Valencia,
CA, USA). The HCV RNA was quantified by real-time RT-
PCR, using TagMan EZ RT-PCR Core Reagents (Applied
Biosystems) according to the manufacturer’s protocol, using
the published primers and probe [44]. The filtered (0.45 pm)
culture supernatant of HCV-infected Huh-7 cells containing
2 x 108 HCV RNA copies/ml [equivalent to 9.7 x 10*
focus-forming units (ffu)/ml] was used for the experiments.
To analyze HCV-RNA in the supernatant, Huh-7 cells
(2 x 10° cells in a 6-well plate) were infected with JFH-1
(multiplicity of infection [MOI] = 0.01) and after 4 h the
cells were washed twice with phosphate-buffered saline
(PBS). The supernatants were then collected and the cells
were reseeded at 2 x 10° cells per 6-well plate. Then the
HBYV expression and mock plasmid were transfected by
FuGENESG6 (Roche Applied Science, IN, USA). The super-
natant of the culture medium was collected 72 h after
transfection. Quantification of HBV-DNA and HCV-RNA
was carried out using real-time PCR.

IFN-o was added 24 h after the transfection of the HBV
plasmids, and the supernatant of the culture medium was
then collected 48 h after the addition of the IFN-a.

Results
Clinical characteristics of patients A and B
Patient A (high HBV-DNA titer and high HCV-RNA titer)

Patient A was a 44 year-old man with a high aspartate
aminotransferase/alanine aminotransferase (AST/ALT)
level. The prothrombin time-international normalized ratio
(PT-INR) was in the normal range. Patient A had high
HBV-DNA titers and high HCV-RNA titers (Table 1). His
liver histology was classified as A2/F3 (Fig. 1). The lapa-
roscopic analysis indicated moderate inflammation and
intermediate fibrosis. The liver surfaces of the right lobe
and left lobe were almost the same phenotype. Polymor-
phism of IL-28B (rs8099917) was T/G (hetero allele).

Patient B (low HBV-DNA titer and high HCV-RNA titer)

Patient B was a 63 year-old man with a low AST/ALT
level. PT-INR was in the normal range. Patient B had low
HBV-DNA titers and high HCV-RNA titers. The liver
histology was classified as A2/F1 (Fig. 1). The liver sur-
face showed moderate inflammation and was smooth. The
polymorphism of IL-28B (1s8099917) was T/T (major
homo allele).

Biopsy samples from patients with dual HBV and HCV
infection were collected at the main liver centers in Miyagi
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Table 1 Background of HBV/HCV dual-infected patients

Patient B
HCYV high titer/
HBYV low titer

Patient A
HCYV high titer/
HBV high titer

Normal range

Gender Male Male
Age (years) 44 63
HCV-RNA 6.5 55 log copies/ml
HCV 1b 1b
genotype
HBV-DNA 55 35 log copies/ml
HBV C Bj
genotype
HBe-Ag 129.5 0.5 0-0.9 index
HBe-Ab 0.1 99.3 049 %
Total 0.7 12 0.2-1.2 mg/dl
bilirubin
Direct 0.1 0.1 0-0.3 mg/dl
bilirubin
y-GTP 208 31 8-57 1U/1
AST 138 33 12-30 1U/1
ALT 256 38 8-35 U/l
Hb-Alc 5.3 54 43-58 %
Glu 103 83 68-106 mg/dl
BMI 25.34 18.75
T-cho 160 195 128-220 mg/dl
LDL-cho 69 93 70-139 mg/dl
HDL-cho 37 67 36-89 md/dl
WBC 7800 5100 3200-9600/p1
RBC 491 446 428-566 x 10%
pl
Hb 171 14.1 13.6-17.4 g/dl
PLT 169000 176000 155000-347000/
u
PT-INR 0.87 0.96 0-1.15 INR
Liver A2/F3 A2/F1 METAVIR
histology score
IL-28B SNP  T/G T/T
(rs8099917)

HCYV hepatitis C virus, HBV hepatitis B virus, e-Ag envelope antigen,
e-Ab envelope antibody, y-GTP y-guanosine triphosphate, AST
aspartate aminotransferase, ALT alanine aminotransferase, Hb
hemoglobin, Glu glucose, BMI body mass index, T-cho total cho-
lesterol, LDL low-density lipoprotein, HDL high-density lipoprotein,
PLT platelets, PT-INR prothromin time-international normalized
ratio, /L interleukin, SNP single-nucleotide polymorphism

prefecture. Fifteen HBV/HCV dual-infected patients were
found in this study (Supplementary Table 1). Many of
these patients had HCV-dominant infection and undetect-
able levels of HBV replication (10/15 patients). Most of the
patients were HB envelope antigen (eAg)-negative and HBe
antibody (Ab)-positive (14/14 patients). All HBV/HCV
dual-infected patients who had received Peg-IFN-based
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Fig. 1 Laparoscopic liver biopsy. The laparoscopic images of the liver surfaces of patient A (a) and patient B (b) are shown. Histopathology of

patient A (c) and patient B (d) is also shown. Bars = 50 pm

A

HCV core
HER 9laa

A. PROPIP:?@ PEGPAWAQPG YPWPLYGNEG LGWAGWLLSP RGSRPSWGPT DPRRPSRNL.

B. PRQPIP PEGPTWAQPG YPWPLYGNEG [LIGWAGWLLSP RGSRPSWGPT DPRRPSRNL
whiyog wid oz

B

HCV ISDR

Povlype PSLKATCTTH HDSPDADLIE ANLLWRQEMG GNITRVESEN

A PSLKATCTTH HDSPDADLIE ANLLWRQEMG GNITRVESEN

LKATCTTH HDSPOVDLIE ANLLWRQEMG GNITRVESEN

B. PEHARR T HRERRVRHE ANCEWRSENS GNITRVEREN
T b esl

Fig. 2 Virological analysis of hepatitis B virus (HBV) and hepatitis
C virus (HCV) in HBV/HCV dual infection. The amino acid
sequences of the HCV-core region including core-70 and core-91,
which were previously reported as determinants of the sensitivity to
pegylated interferon/ribavirin (Peg-IFN/RBV) therapy, in patient A

treatment achieved a sustained viral response (SVR) (5/5
patients). These data indicated that HCV-dominant dual-
infected patients had good responses to treatment for HCV
infection.
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and patient B are shown (a). The amino acid sequences of the
interferon sensitivity determining region (ISDR), which were previ-
ously reported as determinants of the sensitivity to IFN, in patients A
and B are shown (b)

Virological analysis of HBV/HCV in patients A and B

The HCV genotype in both patient A and patient B was 1b.
The sequences of amino acids in the ISDR region and HCV
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core-70 and core-91 amino acids were analyzed by direct
sequencing. Both patients had wild-type core-70 and core-
91 amino acids (Fig. 2a). None of the mutations of the
ISDR region was detected in patient A, but two of the
mutations of the ISDR region were detected in patient B
(Fig. 2b). The genotypes of HBV in patients A and B were
analyzed by direct sequencing and phylogenetic tree
analysis. The genotype of HBV in patient A was genotype
C, which has been reported as difficult-to-treat HBV. The
genotype of HBV in patient B was genotype Bj, which has
been reported as easy-to-treat HBV in comparison to
genotype C [45-47].

Sequential analysis of biochemical and virological data
during Peg-IFN/RBV therapy

Patient A

In patient A, HCV-RNA gradually declined during Peg-
IFN/RBV therapy. On the other hand, the HBV-DNA
gradually increased during Peg-IFN/RBV therapy
(Fig. 3a). The amount of HBeAg started to increase
9 months after the start of Peg-IFN/RBV therapy. HCV-
RNA started to increase 12 months after the start of Peg-
IFN/RBYV therapy, although Peg-IFN/RBV was still being
administered up to 18 months after the start of Peg-IFN/
RBYV therapy (Fig. 3a).

Patient B

In patient B, HCV-RNA and HBV-DNA rapidly declined
after the start of Peg-IFN/RBV therapy (Fig. 3b). HCV-
RNA could not be detected in peripheral blood 2 months
after the start of Peg-IFN/RBYV therapy. Peg-IFN/RBV was
administered up to 12 months after the start of the Peg-
IFN/RBYV therapy. The amounts of HBeAb and HBeAg did
not change during the Peg-IFN/RBV therapy (Fig. 3b).

Sequential immunological analysis during Peg-IFN/
RBYV therapy

We analyzed various subsets of immune cells that could
affect the immunopathogenesis of HBV/HCV dual infection.
NK cells (CD3"CDI167CD56"€" and CD3CDI16"
CD56%™ and NK-T cells (CD3*CD567CD16%, CD3*
CD567CD16™ and CD31'CD56-CD16%) were analyzed
(Supplementary Fig. 1A). The CD3™ gated lymphocytes
were separated into 4 groups (a, b, ¢, and d). For these subsets,
(a) indicated the presence of CD3~CD16~CD56"" NK cells
that could produce various cytokines vigorously and had low
cytotoxic activity. Subset (b) showed CD3~CD16*CD564™
NK cells that had weak cytokine production ability and high
cytotoxic activity.
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The CD3" gated lymphocytes were separated into 3
groups (a, b, and ¢). The activated CD3™, CD37CD4*, and
CD3*CD8* T cells were analyzed (Supplementary
Fig. 1B). HLA-DR™" activated CD3*, CD3*CD4%, and
CD3%CD8" T cells could be clearly distinguished by
FACS analysis. Additionally, representative dot plots of
Tregs and B cells were created (shown in Supplementary
Fig. 1C). The frequencies of CD3~CD16"CD56%™ NK
cells, CD3"CD167CD56% NK-T cells, activated
CD3%CD4" T cells, and activated CD3YCD8* T cells
fluctuated similarly during Peg-IFN/RBV therapy in patient
A (Supplementary Fig. 1D). Activated T cells were
increased at one month of Peg-IFN/RBV therapy, and the
above subsets of lymphocytes gradually decreased up to 3
months of Peg-IFN/RBV therapy. After that, these cells
gradually increased again up to 9 months of Peg-IFN/RBV
therapy. In patient A, after 9 months of Peg-IFN/RBV
therapy, these cells had decreased again (Supplementary
Fig. 1D). The frequency of Tregs and activated B cells
(data not shown) did not change during Peg-IFN/RBV
therapy in patient A (Supplementary Fig. 1D). On the other
hand, in patient B, the frequencies of CD3 CDI16"
CD356%™ NK cells, CD3"CD16~CD56™ NK-T cells, acti-
vated CD37CD4* T cells, and activated CD3*CD8" T
cells were increased and sustained during Peg-IFN/RBV
therapy (Supplementary Fig. 1E). Five HCV monoinfected
patients were analyzed by the same protocol (Supplemen-
tary Fig 1F). The mean frequency of various kinds of
immune subsets was analyzed (Supplementary Fig 1F).
The tendency of immunological reactions during Peg-IFN/
RBV therapy in these five patients was similar to that in
patient B.

Analysis of HBV- and HCV-specific immune responses

The analysis of HBV- and HCV-specific-immune responses
was carried out by ELISPOT assay. Representative spots of
IFN-y are shown in Fig. 4a. In patient A, HCV- and HBV-
specific IEN-y secretion activities were remarkably low in
comparison to the IL-10 secretion activity. Moreover, in
patient A, the induction of IFN-y-secreting cells could not be
detected after Peg-IFN/RBV therapy, especially in regard to
HBV-core specific IFN-y secretion in PBMCs (Fig. 4b). On
the other hand, in patient B, the HBV-core specific IFN-y-
secreting cells were high in comparison to those in patient A
(Fig. 4c). Moreover, the induction of IFN-y-secreting cells
could be detected during Peg-IFN/RBYV therapy in patient B
(Fig. 4c). The mean numbers of IFN-y- and IL-10-secreting
spots in HBV-dominant dual-infected patients, patients with
monoinfection with HBV genotype Bj (HBeAb™), Bj
(HBeAg™h), C (HBeAb™),C (HBeAg™), or HCV genotype 1b
are shown in Fig. 4d. In patient A, HB core antigen
(HBcAg)-specific IFN-y secretion was weaker than that in
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Fig. 3 Sequential biochemical
data analysis during Peg-IFN/
RBY therapy. The titers of
HBV-DNA and HCV-RNA; the
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HBV-genotype C-monoinfected patients who were HBeAg-
positive. However, HBcAg-specific IL-10 secretion in
patient A was stronger than that in HBV-genotype C
monoinfected patients who were HBeAg-positive. These
data indicated that the presence of HCV might also suppress
the HBV-specific immune response in regard to certain host
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factors (e.g., in the presence of IL.-28B polymorphism, and
depending on the body mass index [BMI] and y-guanosine
triphosphate [y-GTP] level), because the presence of HCV
did not suppress the HBV-specific immune response either in
patient B or in the patients with dual HCV-dominant infec-
tion. Otherwise, we could deny the possibility indicating that
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Fig. 3 continued
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the certain background of host factors could allow the exis-
tence of dual virus actively. These data indicated that HBV-
specific IL-10-secreting cells and/or certain kinds of host
factors had an important role in HBV- and HCV-specific
immune suppression in patient A, but not in patient B.

In vitro analysis of HBV/HCV dual infection

We carried out in vitro analysis of HBV/HCV infection using
Huh-7 cells that were susceptible to the HCV-JFH-1 strain
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(Month)

and HBV expression plasmids. The amount of the JFH-1
strain did not change with the various kinds of HBV
expression plasmids (Fig. 5a). Moreover, the amounts of the
various HBV strains did not change in the presence of JFH-1
infection. These data indicated that no direct effect of HBV
and HCV could be detected in Huh 7 cells. We carried out
experiments to analyze the effect of IFN-a treatment on HCV
Huh-7 cells with various kinds of HBV expression (Fig. 5b).
In our systems, it appeared that HBV expression could not
significantly affect the suppressive effect of IFN-«.
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Fig. 4 The sequential analysis of HBV/HCV-specific immune reac-
tions during Peg-IFN/RBV therapy. Representative spots of the
ELISPOT assay are shown (a). The sequential data of IFN-y- and
interleukin-10 (/L-10)- secreting spots in patient A are shown (b). The
sequential data of IFN-y- and IL-10-secreting spots in patient B are
shown (c). Comparison of IFN-y- and IL-10- secreting spots in patient
A before starting therapy, patient B before starting therapy, dual
HCV-dominant patients, HCV-monoinfected patients, HBV-Bj

(HBeAb™) monoinfected patients, HBV-Bj (HBeAg™) monoinfected
patients, HBV-C (HBeAb™) monoinfected patients, and HBV-C
(HBeAg*) monoinfected patients (d). In these bar graphs, the blue
bars indicate HCV-core specific reaction. The red bars indicate HCV-

" NS3 specific reaction. The green bars indicate HBV-core specific
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reaction. The aqua blue bars indicate the negative control (Cont.).
Error bars indicate standard deviations (color figure online)
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Fig. 4 continued

Discussion

The immunopathogenesis of dual hepatitis B and C infec-
tion is not clear, given the complexity of viral and host
factors [19, 21, 48-50]. However, detailed understanding
of specific patients with dual hepatitis B and C infection
could contribute to improving the treatment and follow up
of these patients. Therefore, we focused on two represen-
tative patients with HBV/HCV dual infection who received
Peg-IFN/RBYV therapy.

Concerning the virological results, patient A had geno-
type 1b, HCV-Core 70 wild-type and low mutation of
ISDR HCV and genotype C HBV. It has been reported that
genotype 1b HCV is common in Japan and is usually dif-
ficult to treat in comparison to genotypes 2a and 2b [51].
Among genotype 1b HCV strains, HCV-Core 70 wild-type
HCV is easily decreased by Peg-IFN/RBV therapy {51]. On
the other hand, it has been reported that in genotype 1b
HCV low mutation of ISDR is difficult to treat [52]. Patient
B had almost the same background of HCV—genotype 1b,
HCV-Core 70 wild-type, and low mutation of ISDR-as
patient A. However, the background of host factors that
could affect the responsiveness of IFN-based therapy was
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different between patients A and B. For example, patient A
had a hetero allele of the IL-28B polymorphism, advanced
fibrosis, and fatty changes of the liver. On the other hand,
patient B had the major allele of the IL-28B polymorphism
and mild fibrosis. Moreover, the background of HBV in
patient B was completely different from that in patient A. It
has been reported that HBV genotype Bj is usually more
susceptible to IFN-based therapy than genotype C [45, 53].
Therefore, not only the HBV factors but also the combi-
nation of host factors and HBV factors might affect the
responsiveness to IFN-based therapy. In patient A, the
responsiveness of HCV during Peg-IFN/RBYV therapy was
relatively poor. However, the viral titers of HCV were
lower than 1.2 log copies/ml at 7 months after the start of
therapy. During the reduction of the HCV viral titers, the
titers of HBV and HBc-Ag specific IL-10-secreting cells
were gradually increased. Although patient A had received
Peg-IFN/RBV therapy for up to 18 months, HCV-RNA
increased again 12 months after the start of the therapy.
The sustained Thl immune suppression might have con-
tributed to the relapse of HCV. Not only weak up-regula-
tion of HCV-specific Thl immune reaction but also strong
up-regulation of HBV-specific IL-10-secreting activity was
detected during Peg-IFN/RBV therapy in patient A [26,
35]. Moreover, increased HBeAg could be detected
9 months after the start of the therapy. Fluctuations of
activated CD4 cells, CDS§ cells, NK cells, and NK-T cells
could be seen in patient A. On the other hand, in patient B,
the responsiveness of HBV and HCV during Peg-IFN/RBV
therapy was good. Moreover, the immune response of
patient B was almost comparable to the responses in
the patients with HCV monoinfection and those with
HBV-genotype Bj monoinfection. Previously, it has been
reported that Peg-IFN/RBV therapy could achieve almost
the same SVR rates in patients with HCV/HBV dual
infection and those with HCV monoinfection [54-56]. We
assume that the results in these studies were obtained from
patients similar to our patient B, because the number of
patients with HCV-dominant infection is much higher than
the number of those with HBV/HCV dual active infection
such as our patient A. Patients with HBV/HCV dual active
infection such as patient A are relatively rare in Japan.
However, it is necessary to understand the immunopatho-
genesis of these patients, because Peg-IFN/RBV therapy
might not be sufficient to eradicate or control HBV/HCV in
these difficult-to-treat patients. One of the candidate ther-
apies for such patients might be Entecavir (ETV)/Peg-IFN/
RBV sequential therapy. The effect of HBV specific
regulatory T cells might contribute to the immunosup-
pression of not only HBV but also HCV [35]. In some
previous studies, including ours, it has been reported that
HBYV replication might contribute to immune suppression
[19, 29].
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Fig. 5 In vitro analysis of

HCV-RNA

HBV/HCV dual infection. The
titers of HCV-RNA and HBV-

DNA are shown. BI indicates
genotype Bj35 clone. B2
indicates genotype Bj56 clone.
C] indicates genotype C-AT
clone. C2 indicates genotype
C-22 clone (a). The titers of
HCV-RNA after the IFN-o
treatment are shown (b)
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In the present study, we employed an in vitro coinfec-
tion system to analyze the direct interaction between HBV
and HCV. In our system, we used several different HBV
clones, because it is necessary to consider the effects of
different genotypes. Although we could not detect the
direct interaction of HBV/HCYV in our system, we could not
exclude the possibility of indirect interaction between
cytokines and chemokines produced from virus-infected
hepatocytes. We are now analyzing the chemokines pro-
duced from hepatoma cells with different HBV genotype
clones (ongoing study).

In conclusion, we analyzed data from representative
patients with HBV/HCV dual infection sequentially and
precisely. Because many different kinds of backgrounds
might affect immunoreactions, we focused on representa-
tive patients and analyzed the immunological responses
extensively. There might be a group of patients with very
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B1 B2 C1 c2
difficult-to-treat dual infections. We need to understand the
immunopathogenesis of such patients to develop the

appropriate therapy.
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