[ Kimoto et al.

co3 oo Saline -
- HA
02 % =d=-HA(s.C.})
3 N \% —a—HA-SF-10
E .,
o

dilution rate

B20¢ . OlgG2allgG1
[—]" ©mean
15} v &
3 ¢
=) <&
T 10}
o
g ® ©
“o5} °
)4 8
00 - : o\
o 1N e
& F N
QE?“ ?:Q
s
D 100
E 5l
£50 , '
: i
0 ) v N !—
s Q\v‘

Figure 4. Induction of HA-specific Th1- and Th2-type immune responses by intranasal administration of HA-SF-10. Mice (n = 5) were immunized with
intranasal HA (0-2 ug) combined with or without SF-10 (2 pg) or poly(i:C) (2 ug) three times every 2 weeks. Another group of mice received
subcutaneous (s.c.) HA (0-2 pg) twice every 2 weeks. Two weeks after the last immunization, sera were collected, and anti-HA-specific IgG1, 1gG2a, IgE,
and total IgE levels were measured by ELISA. (A) Data are mean =+ SD of IgG1 and IgG2a in sera. *P < 0.05, **P < 0.01. (B) Anti-HA-specific IgG2a/lgG1
ratio in sera of individual mice and their mean values. *P < 0-05. (C) Induced anti-HA-specific IgE levels in each animal group. Data (OD 450) are
mean + SD of each serum dilution rate. (D) Data are mean = SD of total IgE concentrations in each animal group.,
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Figure 5. Induction of Th1- and Th2-type cytokines in airway lymphocytes by intranasal administration of HA-SF-10. Mice {n = 5) were immunized with
intranasal HA (0-2 pg) combined with or without SF-10(2 pg) or saline three times every 2 weeks. Two weeks after the last immunization, lymphocytes of
NALT (A) and nasopharynx (B) were isolated and incubated with HA (5 pa/ml) for 16 hour. IFN-y- and IL-4-producing lymphocytes were measured by
ELISPOT. Data are mean =+ SD of cytokine-producing lymphocytes per 10° lymphocytes in 4-5 independent experiments. *P < 0-05, **P < 0-01.

of SSF clinically: (i) Although SP-C(1-35) is an essential part
of SSF, this hydrophobic peptide is insoluble in common
organic solvents for large-scale manufacturing, In the present
study, we identified a peptide from the SP-C-related peptides
with stable adjuvanticity and solubility in methanol as a
substitute for human SP-C(1-35). (ii) To further increase the
antigen delivery efficacy of SSF, we increased HA binding to
SSF at 292% by lyophilization. (iii) As HA and SSF mixing in

a sonic oscillator is difficult to apply in industrial processing,
we designed a processing method instead of sonication for
large-scale manufacturing. (iv) As mucosal adjuvanticity
of natural Surfacten or SSF was less potent than that of
poly(I:C) (Table 2 and Figure 1), we increased the efficacy of
SSF adjuvanticity by further modification.

In the present study, we solved four major problems of SSF
stated above and developed a potent synthetic adjuvant,
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SF-10. Among the active SP-C-related peptides (Tables 1 and
2), we selected K6L16 as a substitute for human SP-C(1-35),
because K6L16 is soluble in methanol and expresses high
adjuvanticity. To achieve more efficient interaction between
HA and SSF and more efficient antigen delivery of SSF, they
were mixed at 42°C, the critical temperature for surfactant
lipids, for 10 minute, followed by lyophilization to remove

water molecules between them, as a substitute for sonication. -

As shown in Table 3, lyophilization increased the binding of
" HA to SSF by 292% and markedly increased mucosal and
systemic immunity. Lyophilization also seems to have two
other benefits: protection against sonication-related loss of
heat-labile HA antigenicity and large-scale manufacturing,
. We added CVP to HA-SSF mixture at 0-5% to increase
viscosity. The results showed the HA-SSF mixture prepared
* by lyophilization had higher adjuvanticity than that prepared
by sonication (Table 3). The addition of CVP to the HA-SSF
resulted in further increase in nasal-wash s-IgA production,
probably due to the prolonged antigen presentation in the
nasal cavity. Taken these improvements together, HA-SF-10
increased the induction of anti-HA-specific s-IgA in nasal
washes and anti-HA-specific IgG in sera compared with
intranasal HA-poly(I:C) and subcutaneous administration of
"HA (Figure 1). These data were supported by the neutral-
ization activities in nasal washes, HI titers in serum,
protective immunity, and high survival rates of animals
immunized with intranasal HA-SF-10 (Figures 2 and 3, and
Figure S1).

It has been réported that intranasal administration of the
most potent toxin-based mucosal adjuvant of cholera toxin
(CT) or Escherichia coli heat-labile enterotoxin (HLT)
induces both nasal-wash s-IgA and serum IgG at about
3-8-fold of those by poly (I:C).*' The data suggest that the

efficacy of mucosal adjuvanticity of SF-10 is similar to that of -

CT and HLT, because nasal-wash s-IgA and serum IgG
induced by HA-SF-10 were about 4-fold those induced by
HA-poly (I:C) (Figure 1). Importantly, application of viros-
omal influenza vaccine adjuvanted with HLT resulted in high
incidence of Bell’s palsy® and CT-induced IgE against antigen
and CT.”* In contrast, SF-10 did not result in such adverse
reactions in animal experiments. Intranasal mucosal live
attenuated virus vaccines, FluMist® and FLUENZ, are
currently available on the market. In a related issue, concern
has been raised regarding the safety of FluMist® in young
children aged<2 years with previous asthma or with recur-
rent wheezing.'™'? Although not tested yet, HA-SF-10
influenza vaccine could be potentially useful in young
children, -because Surfacten® has been used in premature
babies without significant adverse effects'® and is known to
enhance systemic and mucosal immunity in minipigs even
just after weaning,'®

For the development of effective and safe mucosal vaccine,
it is important that the mucosal adjuvant induces a balanced

SF-10 mucosal adjuvant !

Thl- and Th2-type cytokine response to support antigen-
specific antibody production (Figure 4) without inflamma-
tory or allergic side effects.”** Figure 5 shows that intranasal
immunization with HA~SF~10 elicited anti-HA-specific Thl
(IFN-y)- and Th2(IL-4)-type cytokine responses in the
nasopharynx and NALT, compared with HA and saline.
HA-SF-10 also induced a balanced Thl- and Th2-type
cytokine response in the airway mucosa. Of note, there was
no detectable anti-HA-specific IgE and total IgE response in
the sera of animals immunized intranasally with HA-SF-10.
These results confirm that intranasal HA-SF-10 induces a
balanced Thl- and Th2-type cytokine response without the
risk of allergy. .

[AV-specific CD8" cytotoxic T lymphocytes and IFN-y-
producing CD4" T lymphocytes promote clearance of IAV

‘and recovery from infection,” Intranasal HA-SF-10 activated

IFN-y-producing lymphocytes in . the nasopharynx and
NALT and probably stimulated cellular immunity against
IAV. Considered together, our results indicate that intranasal
immunization with HA-SF-10 provided efficient protection
against IAV infection and markedly increased survival rates
even in mice with fulminant viral infection. Administration
of antigen-SF-10 by other mucosal routes should be
evaluated in future studies. '
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Abstract

Objective: The acute physiology, age and chronic health evaluation (APACHE) Il score and other related scores have been
used for evaluation of illness severity in the intensive care unit (ICU), but there is still a need for real-time and sensitive

~ prognostic biomarkers. Recently, alarmins from damaged tissues have been reported as alarm-signaling molecules.
Although ATP is a member of the alarmins and its depletion in tissues closely correlates with multiple-organ failure, blood
ATP level has not been evaluated in critical illness. To identify real-time prognostic biomarker of critical illness, we measured
blood ATP levels and the lactate/ATP ratio (ATP-lactate energy risk score, A-LES) in critically ill patients.

Methods and Results: Blood samples were collected from 42 consecutive critically ill ICU patients and 155 healthy subjects.
The prognostic values of blood ATP levels and A-LES were compared with APACHE Il score. The mean ATP level (SD) in
healthy subjects was 0.62 (0.19) mM with no significant age or gender differences. The median ATP level in severely ill
patients at ICU admission was significantly low at 0.31 mM (interquartile range 0.25 to 0.44) than the level in moderately il}
patient at 0.56 mM (0.38 to 0.70) (P<0.01). Assessment with ATP was further corrected by lactate and expressed as A-LES.
The median A-LES was 2.7 (2.1 to 3.3) in patients with satisfactory outcome at discharge but was significantly higher in non-
survivors at 38.9 (21.0 to 67.9) (P<<0.01). Receiver operating characteristic analysis indicated that measurement of blood ATP
and A-LES at ICU admission are as useful as APACHE Il score for prediction of mortality.

Conclusion: Blood ATP levels and A-LES are sensitive prognostic biomarkers of mortality at ICU admission. In addition, A-LES
provided further real-time evaluation score of illness severity during ICU stay particularly for critically ill patients with
APACHE Il scores of =20.0.
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Introduction

The recent years have witnessed a wide used of the acute
physiology, age and chronic health evaluation (APACHE) II score
[11, the simplified acute physiology score (SAPS) IT [2] and other

related scoring systems [3,4] in the evaluation of the severity of -

illness in the intensive care unit ICU). These scoring systems have
several drawbacks, in particular their time-consuming evaluation,
some unavailable data from automatic equipments and inter-
examiner discrepancies: [5]. Thus, these scores are not always
utilized in daily practice of many ICUs [6].

Adenosine 5’-triphosphate (ATP) is the “energy currency” of
organisms and plays central roles in bioenergetics, whereby its
level is used to evaluate cell viability and proliferation [7-10],
cell death [11,12], and energy transmission [13]. Human
typically uses about body weight of ATP over the course of
the day [14]. In addition, ATP release from damaged cells and
tissues has recently attracted attention, and has been reported as
an alarm signal compound, alarmin [15,16]. Alarmins were

PLOS ONE | www.plosone.org

originally categorized as endogenous damage-associated molec-
ular pattern (DAMP) molecules, to separate them from
exogenous pathogen-associated molecular pattern (PAMP) mo-
lecules [17], associated with overstimulation of the immune
system [18]. The released ATP in serum, however, is rapidly

degraded within few minutes [19] and the levels are difficult to

evaluate correctly. Therefore, we can only monitor ATP levels
in blood cells, as the net value of intracellular ATP production
and ATP degradatmn and/or release.’

The three. main pathways to generate ATP in eukaryotic
organisins are glycolysis, the citric acid cycle/oxidative phos-

~ phorylation and fatty acid B-oxidation. Once ATP generation in

the mitochondria is impaired in various diseases, energy source
metabolites, such as carbohydrate metabolites and fatty acid
metabolites are converted to and stored as lactate and ketone
bodies, respectively. In fact, hyperlactatemia develops in nearly
half of patients admitted to the ICU, and presentation with or

‘development of hyperlactatemia is associated with a significant

April 2013 | Volume 8 | Issue 4 | e60561



increase in’ the incidence of organ failure, metabolic dysfunction
and mortality [20]. To find real-time and reliable biomarker(s)
for the progression state of critical illness, we evaluated blood
ATP levels in combination with serum lactate levels as a new
alarm reporter in critical illness and the values were compared
with the APACHE II score.

Critically ill patients with multiple organ failure, (MOF) and
septic non-survivors show a decrease in mitochondrial activity and
ATP production, and increase in lactate concentrations in leg
muscles [21-23]. In addition, we recently demonstrated that

- influenza A virus infection triggers MOF and acute myocarditis
with ATP depletion in mice as well as impairment of mitochon-
drial membrane potential in cardiomyoblasts [24]. Blood ATP
depletion was also identified in children with influenza-associated
acute encephalopathy and in patients with mitochondrial diseases
[25].

In the measurement of ATP levels in various tissues and blood,
we recently found that the chaotropic ATP extraction reagents
recommended in the commercially available assay kits so far (e.g.,
trichloroacetic acid, perchloric acid and ethylene glycol), are useful
only for materials with relatively low protein concentrations, but
not suitable for tissues with high protein concentrations. ATP is
co-precipitated with insoluble protein during homogenization in
high protein concentrations. Accordingly, we improved the ATP

. extraction efficiency from tissues and cells using a novel phenol-
based extraction reagent [26].

The present study was designed to determine the control
gender-specific blood ATP levels measured in healthy individuals
of various ages, using our highly reliable extraction method. We
then used the “normal” blood ATP levels of the control to

evaluate the blood ATP levels and lactate (mM)/ATP (mM) ratio -

(expressed as the ATP-lactate energy risk score, A-LES) in patients
admitted to the ICU. The A-LES was used as a real-time

Table 1. Whole blood ATP, lactate and A-LES levels in healthy
subjects.
Age (years) Sex Lactate (mM) ATP (mM)  A-LES
0to19 Males (n=6) 1.43£1.07 0.71£0.11 1.50%1.46
Females (1=7) <1.69+1.06 0.640.13 <2.88*1.70
20 to 29 Males (n=11) 1.48+0.38 0.79+0.18 1.99+0.61
Females (n=70) 1.03+0.25 0.71x0.20 1.40+0.48
30 to 39 Males (n=15) <1.38+047 068x0.11 <2.05+0.84,
Fernales (n=8) 1.20+0.25 0.79%0.19 1.60£0.47
40 to 49 Males (n=12) 1.46*0.39 0.83+0.25 1.90+0.73
Females (n=12) <1.05+035 0.67*0.17 <1.63%0.60
150 to 59 Males (n=9) <1.38£048 0.64%0.19 <2.17%045
Females (n=4) <0.81%0.03 052*0.12 <1.61%£0.32
60 to 69 Males (n=8) <1.05£027 052%0.10 <2.04*£0.54
Females (n=11} <0.81 +0.03  047x0.05 <1.73%0.18
70to 92 Males (n=13) <0.99+0.23 047%0.06 <2.14%0.62
Females (n1=29) <1.00£0.36 0.46*0.05 <2.18%0.73
0to 92 Malés (n=74y <131+049 066020 <2.05+0.73
Females (n=87) <1.08+0.49 0.57+0.17 <1.96x0.91
Total (n=755) <1,19+0.50 0.62:+0.19 <2.00%+0.83
Data are mean=SD. n=number of healthy subjects. Blood lactate levels below
the limit of measurement (<0.8 mM) are reported as <0.8 mM.
doi:10.1371/journal.pone.0060561.t001
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prognostic alarm biomarker and the values were compared with
the APACHE II scores.

Materials and Methods

Ethics Statement
For clinical studies, written informed consent was obtained .

directly from each study participant or their legal representative
before enrolment. Also, all healthy individuals gave assent if able
to understand, and their parents or guardians gave written
informed consent and permission to participate in this study.
Permission to perform scientific studies and ethical approval of the
study protocol were granted the Ethics Committee of Tokushima
University Hospital (Permit Number: #901). The study was
conducted under the supervision of the physicians involved (MN,
RO, MO, EN, KS and MM), and patients were advised of risks,
benefits and the right to withdraw from further involvement in the
study at any point without repercussions. All data, particularly
patient identifying data, were physically and electronically secured
throughout the study. ’

Patients

We evaluated 42 consecutive patients admitted to ICU from
November 2009 to November 2010. All patients received early
goal-directed therapy according to a standard protocol that
emphasized adequate volume administration, appropriate thera-
peutic drug administration, and optimal oxygen delivery. The
study also included 155 healthy individuals free from any acute or
chronic illness.

Blood Collection

Blood was withdrawn from the antecubital vein of healthy
individuals into either Vacutainer tubes (BD vacutainer; Becton
Dickinson Diagnostics, Tokyo, Japan) or syringes containing either
ethylenediaminetetraacetic acid (EDTA) or sodium heparin. For
ICU patients, the blood samples were usually collected from the
arterial line into EDTA vacutainers, but in some cases collected
from the antecubital vein or central vein. In each patient, blood
was sampled at serial time points during the ICU stay. After
withdrawal of 5.0 mL of arterial/venous blood, the sample was
transferred to a 15.0-mL Falcon tube. Blood gas data, such as PO,
and PCO,, and data of total hemoglobin (tHb), blood glucose
(BG), and lactate were monitored by a blood gas analyzer (Blood

- Gas System 860; Bayer Diagnostics, Tokyo, Japan). Blood aliquots

(0.1 mL) were added to 1.3 mL of Tris-EDTA-saturated phenol
(phenol-TE) ATP extraction reagents (AMERIG-ATP kit; Wako
Pure Chemical Industries, Osaka, Japan), thoroughly shaken for
20 seconds and then stored at —20°C until use.

Measurement of Blood ATP
Blood ATP levels were measured by the firefly bioluminescence

-assay kit (AMERIC-ATP kit; Wako Pure Chemical Industries,

Osaka, Japan) according to the protocol supplied by the
manufacturer or as described previously [26]. Briefly, the
extracted blood sample was shaken and centrifuged (10,000 x g,
5 minutes at 4°C) to achieve phase separation; 50 UL of the upper
aqueous phases was diluted 10,000-fold with deionized water.
Then 10 pL of this diluted extract was injected into 90 pL of
luciferin/luciferase mixture, and the bioluminescence product was
immediately measured by a luminometer (GloMax-96 Microplate
Luminometer; Promega, Tokyo, Japan). Blood ATP level (mM) in
each sample was calculated from the calibration curve.
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Table 2. Comparison of blood lactate and ATP levels in radial arterial (A), pulmonary arterial (PA), and central venous (CV) blood.
Patients no./Time (h}* Lactate (mM) ATP (mM} A-LES
A PA cv A PA cv A PA cv
07/0 1.79 1.69 197 070 072 073 256 235 270
07/3 1.95 1.97 216 083 083 080 235 237 270
07/6 209 201 201 034 035 034 615 574 591
07/24 168 1.69 1.63 288 - 288 276 247 249 260
08/3 2.88 2.88 276 096 - 099 098 3.0 2,91 2.82
-losss . 247 249 2,60 055 053 055 449 470 473
09/0 . : 229 243 273 036 040 037 636 6.08 7.38
10/3 ' 164 - 151 033 - 034 497 - 4,44
18/0 610 5.48 575 0.42 0.41 041 14,52 13.37 14.02
19/0 539 572 591 035 038 038 15.40 1503 15.55
21/0 147 1.30 137 053 057 053 277 2.28 258
*Time period (h, hours) after ICU admission.
doi:10.1371/journal.pone.0060561.t002

Calculation of APACHE Il Score and A-LES
The severity of illness was evaluated in each patient within the
first 24 hours of ICU admission using the APACHE II score
[1,27]. The score was also determined every 24 hours during the

Table.ll 3. Patient demographics and clinical findings.

Patient demographics

n 42

Age, years ) 68 (34 to 79}
Sex, % male:% female ' 52:48

First 24-h APACHE Il score 18 (13 to 25)

Duration of ICU stay, days 3(1to10)

Diagnosis at admission No. of patients (%)
Post-cardiovascular surgery 9 (21.4)
Septic shock 7 (16.7)

* Acute coronary syndrome 4 {9.5)
Congestive heart failure 4{9.5)
infective endocarditis 3070
Liver cirrhosis 370
Pneumonia 2(4.8)
Interstitial pneumonia 2 (48)
Stroke 248
Others 6 (14.3)

Blood biochemical tests*®

Glucose, mg/dL 155 (125 to 227)

Lactate, mM 2.72 (192 to 5.78)
ATP, mM 0.38 (0.29 to 0.56)
A-LES 8.00 (4.74 to 13.37)

Hemoglobin, g/dL
Leukocyte count,/uL
Platelet count, x1,000/uL

104 (9.1 to 11.7)
12,700 (9,300 to 17,100)
114 (46 to 182)

Data are median (interquartile range) and number of patients (%)..
*Data represent results of analysis of samples taken at admission to the ICU.
doi:10.137 1/journal.pone.0060561.t003 .
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ICU stay. The A-LES score, representing [serum lactate (mM)/
blood' ATP (mM)], was determined for each patient during the
ICU stay. ‘ .
Statistical Analysis »
ICU patients were divided into two groups based on the severity
of illness on admission: moderately ill patients (APACHE II score
<20) and severely. ill patients (APACHE II score =20). The
outcome of the patients was divided into two categories: survival
and non-survival. Data were analyzed for statistical significance
across groups using nonparametric Mann-Whitney’s U test.
Correlations were calculated by determining Spearman’s rank
correlation coefficient (r). P values less than 0.05 were considered
statistically significant. Receiver operating characteristic (ROC)
curves were constructed using Microsoft Excel software (Microsoft
Corporation, Redmond, WA) add-in Ekuseru-Toukei 2010
version 1.10'(Social Survey, Research Information Co.) to evaluate-
the accuracy of risk prediction comparing the calculated mortality
with the actual deaths. '

Results

ATP, Lactate and A-LES Values in Healthy Subjects

At the beginning of the study, we determined the levels of ATP
by the new phenol-TE extraction method [26] and lactate in
venous blood samples from 155 healthy males and females (age,
range 0 to 92 years). The measured levels showed normal
distribution pattern, with a mean (SD) value of 0.62 mM (0.19)
(Table 1). There was no significant sex difference in ATP level.
The ATP levels tended to be slightly lower in subjects aged =60
years than those in younger subjects, although the difference was
not significant. The mean blood lactate level under resting-state
condition was <1.19 mM (<0.50) in the healthy group, with no
significant age or gender difference. The mean A-LES (SD) was
<2.00 (0.83) with no significant age or gender difference in the
control subjects. )

Similar ATP and Lactate Levels in Arterial and Central
Venous Blood

Table 2 shows the data of ATP, lactate and A-LES levels in
arterial and central venous blood of 7 representative ICU patients.
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Figure 1. Blood ATP levels corralate with RBC count and ATP levels in ICU patients. (A) Correlation between tHb (total hemoglobin) and
RBC count in the available data of moderately (n=15) and severely iil patients (n =20} during the ICU stay. The Dotted lines represent the fower limits
of tHb and RBC count of healthy subjects. (O): moderately ill patients, (@) severely ill patients. (B} ATP concentration in whole blood, expressed as
micromoles ATP per gram total hemoglobin (wmol/g tHb) in ICU patients. (O): survivors, (&) non-survivors. The values of ATP/tHb in non-survivors

were significantly lower than those in survivors (P<0.01).:
doi:10.1371/journal.pone.0060561.g001
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Figure 2. Changes in blood ATP and A-LES levels in moderately and severely ill patients. (A) Blood ATP levels an'd (B} A-LES values at ICU
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admission in severely ill patients were significantly lower than those in moderately ill patients (P<<0.01 for ATP and P<(0.05 for A-LES).

doi:10.1371/journal.pone.0060561.g002
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Table 4. Comparisdn of changes in blood ATP level, A-LES, and APACHE Il score during the course of ICU stay.

ICU admission

ICU discharge

Moderately ill patients {n=20) ATP, mM
A-LES
APACHE I score
Severely ill patients (n=22) ATP, mM
A-LES
APACHE Il score
Septic shock patients (n=7) ATP, mM
: A-LES
APACHE 1i score
Survivors (n=34) . ATP, mM
A-LES
APACHE |l score
Non-survivors (n=8) ATP, mM
A-LES
. APACHE Il score
Total (n=42) ATP, mM
A-LES
APACHE Il score

~ 0.56 (038 to 0.70)

67 (3.1 10 124)
12,5 (9.0 t0143)
031 (0.25 to 0.44)=*
9.5 (68 to 17.9)*
25.0 (200 to 31.0)**
0.29 (0.27 to 0.33)%*

- 121 (10.7 to 194)%

28.0 (22,0 to 36.0)*

- 0.53 (044 to 0.61)

27 (1810 3.2)
11.5.(9.0 to 13.3)
045 (0.28 t0 0.52) *
3.6 (27 to 21.0) **
21.0 (165 to 25.0)%
048 (0.33 t0 0.57)
3.1 (29 to 9.6) **
15.0 (14.0 to 19.0)**

0.52 {0.45 to 0.62)
27 (2.1 t0 3.3)

135 (11.0 to 16.0) .
0.23 (0.20 to 0.28)7#
38.9 (21.0 to 67.9)%%
21.0 (165 to 2500%%
0.51 (0.36 to 0.59)
3.0 (2.1 to 4.2)

15.0 (12.3 to 21.5)

0.41 (0.33 to 0.60)
7.4 (37 to 127)
15.5 (113 to 22.3)
0.29 (0.25 to 0.39)*
9.3 (6.7 to 30.4)*
25.0 (20.0-31.0/*#
0.38 (0.29 0 0.56)
80 (47 to 134)
19.0 (13.0 to 25.0)

Data are median (interquartile range). n=number of healthy subjects.
#p<0.05;

*#*p<0.01 versus moderately ill patients: Mann-Whitney's U-test.
#p<0,05,

##p<0.01 versus survivors: Mann-Whitney’s U-test.
doi:10.1371/journal.pone.0060561.t004

Regression analysis to validate the correlation among ATP, lactate
and A-LES levels in arterial and central venous blood showed
almost perfect correlation with high correlation coefficients:
7,= 1.00 for ATP, r.=0.98 for lactate and r,=1.00 for A-LES
between blood collected . from radial and pulmonary arteries
(P<0.001); and 7, = 1.00 for ATP, r,=0.97 for lactate and r,= 0.99
for A-LES between radial artery and central. venous blood
(P<0.001). The results were consistent with the previous report
of equivalent lactate levels in blood samples from peripheral vein,
pulmonary artery and central vein [28].

ATP, Lactate Levels and A-LES in ICU Patients

Next, we measured the levels of blood ATP and serum lactate
and calculated the A-LES in 42 patients admitted to the IGU. The
levels of these parameters showed skewed distribution. Table 3 lists
the demographic data while Tables SI, S2 and S3 list the
individual data and clinical characteristics. The major diagnosis on
admission was post-cardiovascular surgery (21.4%), followed by

septic shock (16.7%). The median values (interquartile range) of

ATP, lactate and A-LES were 0.38 mM (0.29 to 0.56), 2.72 mM
(1.92 to 5.78 mM) and 8.00 (4.74 to 13.37), respectively, and the
levels were all within the abnormal range compared to those in
healthy subjects (Table 1),

Blood ATP Levels Normalized by Total Hemoglobin in ICU

Patients :
Blood cells are diluted by transfusion and low red blood cell
(RBQ) count is usually found in patients with advanced disease,

resulting in low blood ATP levels in severely ill patients. Since the:

major source of ATP in blood is RBG, we determined RBC count
and total hemoglobin (tHb) in moderately ill patients (APACHE 1T

PLOS ONE | www.plosone.org

score <20) and severely ill patients (APACHE II score =20)
during ICU admission. The RBC count correlated with tHb level
(r.=0.937, P<0.01), and was significantly lower in severely ill
patients than moderately ill patients (P<0.01) (Figure 1A). Blood
ATP levels normalized by tHb levels (the ATP/tHb) were
significantly lower in non-survivors than those ‘in survivors
(P<0.01) (Figure 1B).

Changes in Blood ATP and A-LES Levels in Critically il
Patients

To identify a sensitive and real-time prognostic biomarker of
critical illness, we evaluated the levels of ATP and A-LES in 42
patients during critical illness (Figure 2). ATP levels at ICU
admission were significantly lower in severely ill patients than in
moderately ill patients (£<0.01) (Figure 2A): the median ATP level
was 0.31 mM (0.25 to 0.44) in severely ill patients and 0.56 mM
(0.38 to 0.70) in moderately ill patients at ICU admission (Table 4).
Notably, the median ATP level of 7 patients with septic shock on
admission was low at 0.29 mM (0.27 to 0.33), which was
significantly lower (P<0.01) than the level in moderately ill

‘patients (Tables 4 and 52). The ATP levels generally recovered

during ICU stay in large numbers of survivors. Furthermore, the
median ATP level in non-survivors [0.23 mM (0.20 to 0.28)] was
significantly lower than that of survivors [0.52 mM (0.45 to 0.62)]
at ICU discharge (P<<0.01) (Table 4).

In contrast to the changes in blood ATP levels during ICU
admission, the change in A-LES was clearer particularly in
severely ill patients and non-survivors (Figure 2B). The A-LES
decreased in all survivors in both moderately and severely il
patients without exception and the median A-LES of survivors was
2.7 (2.1 to 3.3) at ICU discharge (Table 4). In contrast, the median
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Figure 3. Relationship between APACHE Il score and A-LES. (A} ROC analysis in prediction of mortality at the time of ICU admission. Dotted '
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A-LES in non-survivors at ICU discharge was 38.9 (21.0 to 67.9),
which was significantly higher than the value of survivors (£<<0.01)
(Table 4). These results indicate that A-LES is a highly sensitive
prognostic marker of critical illness.

Evaluation of A-LES as a Prognostic Marker and
Correlation with APACHE Il in ICU Patients

To evaluate A-LES and ATP levels of patients at the time of

ICU admission for prediction of mortality, ROC analysis was
performed (Figure 3A and Table 5). The values of the area under

PLOS ONE | www.plosone.org

ROC curve (AUC) for APACHE II, ATP and A-LES were of
similar range (>0.5) and measured 0.83, 0.75 and 0.71,
respectively, indicating that ATP level and A-LES are as useful
as APACHE II score for prediction of mortality.

Figure 3B shows changes in A-LES and APACHE II scores
measured during ICU admission. Although APACHE II scores
did not sensitively express the change in the critical state of ICU
patients, particularly patients with severe illness (APACHE II
range, =20.0), A-LES reflected well the change in the critical state.
Markedly high A-LES values (up to 89.7) in non-survivors and low
values in all survivors were observed during ICU admission. These
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Table 5. ROC analysis for brediction-of morté!ity in 42
patients at ICU admission.

Sensiti\iitylspeciﬁcity
Variable AUC Cut-off value (%)
APACHE Il score  0.83 >20 71/59
A-LES ) 071 >20 T 43/94
Blood ATP levels* 0.75 >3 71/74

*The reciprocal of blood ATP levels was used for ROC analysis.
doi:10.1371/journal.pone,0060561.1005

results indicate that A-LES does not only predict mortality at the
time of ICU admission in a manner similar to APACHE II, but
also provides a sensitive evaluation score of change in illness
severity during ICU admission. Figure 4 illustrates the changes in

blood ATP, A-LES and APACHE II during ICU admission of .

representative patients of the three groups (moderately ill patients

on admission and discharge, severely ill patients on admission and

discharge, and severely ill patients on admission who died during
“admission). Among the three parameters, A-LES provided the best

prognostic information; almost all patients with “satisfactory

outcome at discharge had A-LES of <5.49, while A-LES during
- admission was >20.0 in non-survivors.

Discussion

Risk prediction is an important issue in intensive care. The
APACHE II score is used as a severity score during the first 24
hours of ICU admission while the SOFA score.was developed to
estimate morbidity during ICU stay. Although several clinical and
laboratory parameters have been evaluated for the prediction of
mortality during ICU stay, real-time and easily measurable
prognostic biomarker(s) are desirable. During critical illness, the
serum contains various PAMP molecules, particularly in severe
infection [29], DAMP molecules released by stressed or damaged
tissues [17] and host cellular response molecules with regulatory
function against these PAMP and DAMP molecules. Among the
molecules, alarm reporter(s) might be an important prognostic
value. Recently, ATP released from damaged tissues has been
classified as a danger signal, alarmin, which induces proinflam-
matory cytokines, but it is rapidly degraded within few minutes by
ecto-ATPase [19]. Although released ATP cannot be analyzed
accurately, cellular ATP levels, including blood cell ATP levels,
can be measured easily, representing the sum of ATP production

- and ATP degradation and/or release. .

We recently established an efficient and improved phenol-based
ATP extraction method instead of the chaotropic extraction
reagents recommended in the commercially available assay kit,

. which involves co-precipitation of ATP with insoluble proteins
during homogenization and extraction [26]. In the present study,
we measured blood ATP levels by a phenol-based extraction
reagent and reported the “normal” blood ATP levels in 155
‘healthy individuals ranging in age from 0 to 92 years. The mean
blood ATP level (SD) in healthy subjects was 0.62 (0.19) mM. Age
and gender had no significant effect on ATP level, although the
values tended to decrease with advancing age, particularly over 60
years of age, and values in males were slightly higher than those in
females with some exceptions, probably because of age and gender
differences in the number of red blood cells (Table 1).

The present study established the clinical utility of a sensitive

and real-time alarm index, A-LES, which consists of ATP and

lactate. The median A-LES of patients with satisfactory outcome -

PLOS ONE | www.p!bosone.org
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Figure 4. Changes in blood ATP level, A-LES, and APACHE Il
score of representative examples during the course of ICU
stay. Serial changes in the levels of (A} blood ATP level, (B) A-LES, and
(C) APACHE |l score from admission to discharge from the ICU according
to the severity of clinical condition (moderately and severely ill patients
and non-survivors).

doi:10.1371/journal.pone.0060561.g004

at YC'U discharge was 2.7 (2.1 to 3.3) and that of non-survivors was
significantly high at 38.9 (21.0 to 67.9) (P<0.01) (Table 4). The A-
LES was <20 in almost all moderately ill patients during ICU stay
and was =20 in a large proportion of the non-survivors (Table 4
and Figure 3B). The results suggest that 20 is a critical cut-off value
of A-LES for prediction of survival in the limited number of
patients in this study. The change in A-LES ranged from 3.05 to
89.73 in non-survivors whereas the change in APACHE II score
was ranged only from 17 to 46 (Table S3 and Figure 3B). These
results suggest that A-LES provides better prognostic information
compared to the APACHE II score. In addition to the value of A-
LES during ICU admission, the AUC values for APACHE II,
ATP and A-LES (Figure 3A) indicate that simple measurement of
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blood ATP and A-LES at the time of ICU admission predicts
mortality in a manner similar to APACHE II the complex and
time-consuming evaluation method.

Although ATP released from damaged cells and tissues [17,19]
and from RBC in response to low POy, low pH and/or
mechanical deformation [30,31] is an emergeicy signal alarmin,
the levels in serum are difficult to monitor because the released
ATP is rapidly degraded within few minutes [19]. The major
source of ATP in the blood is the RBC and blood ATP levels

" change hourly with changes in energy and vital status of patients.
Therefore, A-LES level is a real-time and sensitive biomarker of

vital sign and a marker for prediction of mortality in critically il .

ICU patients.

Conclusions

This is the first report on blood ATP levels and A-LES as an
alarm biomarker for critical illness during ICU stay and for the
prediction of outcome of clinically ill patients at the time of ICU
admission, similar to APACHE II score. In addition, A-LES
provided further evaluation score of illness severity during ICU

stay in addition to APACHE II particularly for those critically ill *

patients with a score of =20.0.

Supporting Information

Table 81 Demographics and clinical details of moderately ill
patients (APACHE II score<<20). *Blood samples were collected at
D0=ICU day 0 ICU admission), D1 =ICU day 1 (discharge or
death from IGU within 24 hours) and D4 =ICU day 4 (discharge
or death from ICU within 4 days). # Blood samples were collected
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CIRETEHARENTE LR LMERET 7
FrTVany P EENCRT, BATED LR
BHEORAVAZIZELEATWIRERE B
ERETR, MELEEROSTEED EMERE
FEBLTOUAHERICE T, BWOBRAZBH
TEBEYVATFEANE TS, ED/DT 2T Y4

- REEECNICOBENICEAT A ETENSHR

PRESIC IR, WERET ZFYTRIVELD
WEEBLBOET Vanvy e RBET29, o
NECUHBINTEALT V2V ML, 2200
Fh—TWEGFFHeHTED. ZF—DT V2%
¥ M7= T RO RIS R TS B,
REWRT Vv MeaVvsER CD, KB

 EB#{LESR (HLT). Toll-like receptor (TLR)

S E O Poly(I:-C), CpG DNA, £HEH A b
ALY, TIR ¥ 7+ VHEEWERS B bN 5.

IALDOT Vany bE—RICHAERESRIE
RTWABS, 7Vany FEBCHERBRL®
(AT A= s, TNCHCHEEZHETS
BIRIB#MES LE2L605, HLT2BML A
Virosome Vaccine D&, — 3 O BT AR R
(Bell's palsy) #5735 (25.2%) ICHIE L CHEH
bR LIS REICH L. $20T Y ass
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B ChETKER:NAZES 2 EEONMETY 14> b

Mucosal adjuvant and Route

Systemic  Mucosal

Dellverysystem ISSEONSEs responses
@ BROBRAFRENSE ‘
Toxin=based adjuvants
CT ‘ ON F +
mutant CT : N, . -+
HLT , ON + +
mutaniH LT N + +
CTA/HLTB ON + +
mutant CTA/HLTB N + + '
mutant PTX N + + T cell
mutant STX N -+ + - Y
STXB ‘ N + 4 Cytokines, > - ° Antigen receptor
Cytokine-based adjuvants ‘ =12 ( A"“g%"gf;;gd;
IL-1 N + + Antigen SR
-6 N + -
IL-12 N + + .
Type TIFN N + + ¥ Dendritic cell
{nnate immunity associated adjuvants - :
Lptn N + +
"RANTES N + +
Defensin N + -
CpG DNA ON + +
Poly (1: Q) . ON - + +
Saponin (QS-21) o . + +
Q@ HEOBMRFERAOHESHE
. ISCOM . ON o+ +
. Liposome e N - +
Live attermated vectors
rSafmonella 0 -+ + |
rBCG N -+ —
Chitosen , N -+ +
Mucosal DNA vageine ~ ON -+ +
' Edible vaccine ON + +
Pulmonary Surfactant {SF-10) N + +-

¥ BV 7 RHEEA R A OBUR

(Yuki 5%, 2003 #%Z%)

AR

WETHB, SOT V2N EHEZDERL 2. BY—T77H4Y MEUHLERS

BRI B L TR 2 BT B,

C@??aﬂ?h@%{ﬁ??;ﬂ;

ZF010, BEEHEOBVALGREET
NESCHR - Yo/ b SF-10

RAE ORI FEBEE VY, HAHE

BEOENSDOFEV, BEELLIZ

. W& WY —77 25> bk, Wil DR SR

RS, W —Tr 2o v b [RRERET Ve FAUSh, BREREZED L CHORERS

RV h] EEERELY, WHELT
ERICEMES CT RS ICHEMS €k

DEEME  RETS@CHRRETRCL O ERPET
ALEER H5. WAOEPHME6~TRELEL, 8L

BT Vastvh, SFI0P2 BB L. ARTR BRLGRERYELTOB WI—T7775 ¥
SF-10 2 LI REORBRLL B THLZ. O 50% i I ZMRICEY 23 THNA
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“saturated
{ phosphatidyl
chorine,

PG , _
Phosphatidy’N
; glycerot /e

- other phospholipid < .

glycolipids "\

' triglycerol
cholesterol

| surfactant proteins |

Surfactant protein B precursor protein

~ Surfactant protein C precursor protein

B1 HE7Y 2R MESCBENY —7 79 5 FOBEES
BACHAEESY, BIPERSEREENE, ‘
(Whitsett JA, et al : Hydrophobic surfactant proteins in lung function and disease. N Engl J

Med 347 : 2141-2148, 2002)

XRTVWBY, BY D50%ET7 T 7 VL

R IR IRMI D A R TR S NG, E5

bid, T BTy -V L ERABEAOF—7 7 7
FrroRC, 3ELELU T UBERERE
THAEFEZBERIT I L 2RAL. ThD
b, BRMRAORY—7 77 & Y FOBRYRAE
T APMETER ST, BABBY SV EL
THAT BB CTH L, BROTSG T, MHivy—
77 7 ¥ v b RRARPRESEERER OSSR
LCHEE0FEREIHH SN TELERESH S,
L LS DEHE, FOM»rSHEREShsEyE
AT, BliTH BT TR FERINBEO Y A
7R PR R IR, €2 T
BHET Y a8y MERDD B ALERMY—7 7
2 F v FOERFER LN -7 7oy
FREBOBERSDEEHETHDH, ZOHT
R T Vot MEMCSERESME, B1IicR
- ¥ saturated phosphatidyl chorine (DPPC), phos-

phatidyl glycerol (PG), Jgii%E (PA) ® phospha-

tidic acid, surfactant protein C (SP-C) THH
LEREELRY, SP-C REEBREE®EEE bor
75 FCERBEA OB Y AR ILERRGTH

A%, BRETIEEAEICEAIEV. €2 TH
MR CBIET U a5y MEEE b o 22800
RTF FBAF Y =2V 7 ER, K6L16 R7F F
ZERTALERSEIER L Shitmiivsy
F Y RBEOESEEBD L0, BERE LT
PEF¥ B carboxy vinyl polymer ZIFM L 72 ATA
R T Y230 b SF-1099%8R L2

SF-10 7 ¥V ari¥ Mo kB9 A2 B /ziif
Y7 WY FHAEOHEHRLE 2P CRT, I
Bixtg L LT, TLR3 2405 A% RRMIRIE
HALHI O Poly(1: C) D#ERERLL. RitOH
4 27 N IgA B, ARRAORREN
Y7724 b (NSF) [CHAT SF-10 4 15
&, Poly(I:C) WCHATIHI0EE, CAET
BESNCHBHET Vany 0P TRED
RN HEGHEDHRE R L. MEOHEA ~7
N 2 IgG IS BT D, NSF @ 150 4,
Poly(1: C) o 2 & L RN L HGHEHRER
L7zo SF-10 D{ERIX, Th2 ¥ 4 7D IgGCl HE
DA, Thl 7 £ 70 1gC2a OFE % FIRMIC
BB Lz LAL GE OBERA LAY, &
BT V287 b & LTREIRBOLS 2 EE

62 MBI Vol4B BT 2013



."Na$§'“ﬁﬁblgﬁ

0.1 0.‘9‘97 ;"'

0

Saline HA HA HA HA
+ .+ +
NSF SF-10 poly(l:C)

. 4
700 - S8 N
500 - 5

Jtol azad. 12460

£ 100+ - R U ....\‘\ L

= 9-0 . v . . . .
8.0

/!

Antibody
\l
o

6.0( - L

50 - | re® e

40— - |- .

sof - The

ol ., 95 .

10| o4 2

Saline HA HA HA  HA
+ + +
NSF SF-10 poly(:C).

B2 SF107 520 bEMERS LI NI YT 7F UK 37 RBHHO
g1 bR IgA Hik & MFD 196 HENHBHE

RYRATNILHFRT Yy NI T F2 (haemagglutinin HA & 0,1 ug/head) &, .
T4l b LTHHEORREMY —~7 772> b (NSF),, ATERIY—7 704
> b (SF-10), TLRE FI=X +DPoly (1:C) 2FMLT, ZhZh 2 BMETCSH
BRBEEL, Z0%2EB0AHFORT 7L T FigARGL AP oG HREEREL
o BBOMRTHALFRE, ChE tURTHELATVWIHGFEERERL, B
é@ﬁﬁ?@h MR, SF-10 BN THRASEI BEE N ERERT.

BRBEREAT - nib, EHIEB IR
FEH, MHOEEREIG, IgAHEEEE
LT AHITOETREST 7 F AT, o

- IgG, IgA L REHBEOFWE IgA, £ 512 Thl #

4 7 ORGHEEN T AREREREL RS
SP-10 BBA VINIVHFTIF VL, A ¥ 7N
LYW VAR R S vy REFRIC
BT, ETHHICHRTEEE2 S > TR
RBAEHHRIRER L, Sho0MRE, B
HERDIZZF®, h=r 4 FNTHHEIDS
hTwnd, ¥-2hE CORRERTHIT SR
BIRISICIE, BETE, 4 Moo om Al
HOWP 2 ERBTONBH, ThHOBRBR
&6%&#9tuc#5ﬁﬂ0®ﬁﬁﬁﬁmw
LR SN,

HFbUlc

EREERA VI NI YRR LT E, BE
A VINECFOBRICESSNTVASH, T

(Kimoto 5¥, 2013 #HE)

SROBETRESEY 2 7 Vb o T, BOBRT
BERIR L RGN IIL % b ORERIET 7 F v 0
EHFEEND, LB EEOFG2ERUT
DRI HERERT 2 F L LTHEY 7 5
VICBIEIEE o Tvh, FORDIT, BETH
BhT V2N OBERPMETHD, TOEH
LREME LCEERSONY— 772 7 2 PCE
BPLLEATABRMET ¥V 25 F SF-10 28517
B, ERLIEI B EAFEA TR S,
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n=10) (%)

100 B—& fr— S = lgA+IgGl/IgG2a
' i ~<e Saline %-E-EE
g HA LN e
g0 —a— HA-SF10
~z HA 8.0,
O
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g
g.
3 40
| 20 lgG1 B TEE
200PFU(A/PR8(H1NT)) i
Dlern v v 0 1 m b mmaas
/20 - 40x1D50 012345678 091011121314

Days after infection(day)
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HELCHAEREL Y 77y EEORE,
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DL EDBBRICOVWTRFTARAEMR T

Bl BERG IR CERENT
WRVWOICETAEEE LT, BT0E TR

T & F VISR Ig G & A L TR
BREFHICHST 5 AEHEER

PRETTE,
O TREIgADFEHNRIZ 2 {, FHHROR
F SR IFTHEIEEHITERE. b
2, BECBEETHERIIERILTWARA ¥
TNV UFEE, ARYANVARROEEED
BEICET 5720, BREESRTSICES
BIRIGEMES . HICCOREE, REXATIO
BB THECTEVWEREL LTHELS., —
%, QOBREBEORTE L ZOBEIIDONT
i, 2 DBREERRETIE—HONT R
7B TEEMMLTAR, BET5Z EAnxtsE
PRBELRoTWE, FITHEA ¥ 7LV,
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AE @
 E B A
W — B

LT, BEEFELOBFEOERL Z0REBEED
BASSESNE. KRBT, ShHDEEIKD
WCBSHEH 2 BT 3.

6¢»xm¢mﬁlﬁmwama
WERB L 75 F LR

AV TNV HET 4V ATEEE L RS
ECRMICERLTHAET 5. YA VARAR
MOEEHFRWEIL, ERATRISELELN
ISR % B o TV A FEITgA (SIgA) HiFETH
b, ZOPER, BAREEIBLVINVAO
HRIE-THEBT 570, BAMRETHE
THZEOHEME TS S, B 113, 2008/
007D [ ¥ T VE Yy — XV HIcBUER
WU THA ¥ 7 v v FSIgAbifE % WE L,
BESHIA VYV INLVFREOEELTEL
TR TH LY, BEEEE, FESHFY T
REBEAIEREIN-BC, EREEHEED
HEIL L2 bOTRECBEEROZPoZA
hThs, FREEBOL,IE, BELT
WA H RS  EROSH R 2 2o
Fr N, B L TWAiSREDE* v b CRIRIE
BEM P AEENE D, HICTFETL
I ICHMEMOEIR R E v, i, wiv7n

| VY SIgAbT/ SIgABX 100TEL TS Y,

A v 7 VIV FHREOSDAEAERLTY
5. BRFEAANE  BTROREEOEANC

* Influenza and host defence system.
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A/Hiroshima/52/2005 (H3N2)

: o Infected n=43
(2006/2007 seasons) © Non-irfected n=67
~— 20 [ -
15 TN
VA
A
§

[3;]
e\
- /‘g
L)

Anti-influenza virus slgA titer
(specific sigAftotal sigh (Urug>100) )
=

_~"ié§&: L H3N2
0 i :
BiE
B BARORA S INI S FRBEE 1 2T
TP B

2006/20074 > 7 M L7y~ X/ RIDI0F 1Bt %
WML, 245 A CBABROFEEFok, 0
EDFATHRIZA/Hiroshima (H3N2) & AIEICHAE L
B, A v 7V FBIgAPHRES, A/Hiroshima/
52/2005 (H3N2) =34 % HLpel CREMh L 7.

LFbHA, BREORTHAMO LRER,
A NABERIC L > TERS., FICRT LI

HAN2EIIC Ht L CHINIEICld 2 OEAEE

Wizdhd, AV INIZIYFI7FrORTIES
TR OB A > 7 L o FleGH I ISR
B0 THMLT, BREFHOBE@EE LT
WENTINF 4 v EY 3 v (HDE=40
WKEEYT A L B3, AREEEZNFEDS
g, EFOLbwDAL Y TN FTL VAR
BEsNbiE4s OB THRTELNTE

w2, BEOFETERLTRETHIRES

BEV, —BTA I VIVH T4 N RS
ENBRICLCHAERERLEE, VANVAER

BEBLTCOREL LY, ZOBBREER

BRERAT 52, B HE Sl RAE RN
TRIGTO%I T 2 7 Y BERESH ), HIfi=
WPRERENTT 7 F A ERBOHRIZERTE
TOBPL VI NVEFICRELIBETHS.
IABOBEOREE, sHoml vy

WSIgATLAMEA S B 1 R TEEIT T

Bol, Thbb, 1Y 7NVErFORREES

BERELCWRERRETFLLC, MEHD

| IgGHUI L 1 1t LS SRR OSIgAREL

O BITFLRAEZEERLTVS,

BB, WA V7 NI R LSRR O

CESHLPI R TVRA, BRI, AV
I NEFEEBA LSS, BEOBREE

&L & B 2 & 2R retrospective study g
BN, ZORLTIE, Hfid 7T PEE
L TR O E O oseltamivir & i A JE Dzanamivir
PRI, BRI B, oseltamivir
LzanamivirDIFE R 1 2 BE TR, BYF0
Hid v 7 bz SIgATURMEAE BRI < #iR
KNTHY, MEOHA ¥ 7 VI FlgCHEm
0T b EBETH 5 SRR IIRHER R 5
Nz, TOBRE2ICRT LY, BEOHR
BECCIE, Hid VI NIr PEERELTVE
WEEAB.6% TH B DI LT, oselfamivirdk5
BT37.3%, zanamivirfR 5B T45% L FBICE

CERRLE. SOREREOMRRY

CHRIE A ) - OEWNECHETH B, =
hamMiE L TEBREZHBBT LML/ EV 2
L —# — & L Cclarithromycin (CAM) D72 53
RE SN0, SEP BEEONERR
M, BALTERA Y INVIYFIL VA
REOHEFREAEEBLT, 20EHREEER
FrOFAEE B MBCERZEL, IEMPL0
SALERIRT 2 T RARL v FHE & TSIgABEA 4
B34, CAMEZ 0BEREDZPT, RRTH
B3 B ¥ 7 F VEEWE O B cell activar
ing factor of the TNF family (BAFF) D#B % 5

M, BHEEDS AR v FRIEET bac

tivationdnduced cytidine deaminase (AID) %358
EImEEAIErs, CAMDT “)11\ v AR
BRSSP X N0, FA v TV A FEOERI,

IDESETAVAHERLET 3¢ CERR
BEERTED A5, CAMZHEHTAIETIOR
ﬂ&ﬁ(/?»1/%%®¢%ﬁ%ﬁén%g

S EHHIBHL.

A4 L TNI o FREROEFE{LER &
T DREEE
£V 7 WLy FIBAEOE L AEFRET
B8, BBEEO—HOATERLLTRCES
rihb, COBE, BERCOREE YAV
ABAIL L o THB SN EGHHREL B



1546

BENE B1% 865

No treatmént =
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O8V g

| i ]*::

; o
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(n=17)

NV = .

ZNV+CAM
(n=10) |

20%
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[ Infected in 2009/2010 season [ | Uninfected in 2008/2010 season

2 WA TNI LHEQEEES Lclarithromycin & ORHEBE =B LB
ENBEDNA L TNI LT ERRE :
2008/20094 > 7 WLV FY =AY DA 7 WL FRIVNEIC, B G4E),
oseltamivirfR 58 (6745), oseltamivir+ clarithromycind¥ 58 (1745), zanamiviedk
55(274), 2anamivir-clarithromycind® 588 (104) o3 LT, 83— X (2009/
01000 A4 ¥ 7 Vv yYBEREREHEE L, # P<L0.01(Fisher's ezact test with

Bonferroni correction).

" Infection

Biological responses

H1 hH L RR
R en

Days after infection ‘
a vorTr-uRs
I 1

a sEERE

H

i -

H3 12INTVBREIERE 03 REC 5 5 EBRIGORRE

CBRLTWA. EE{LoB R REERRE

BRI ASWERESALNDN, OB

RERVEET IR LEL T3, E
312, AV T NIUFY L VADEDICKEIC
ML TS ABICALNG S EXE LA

BBRRTY. BERORL ROEEREN, &

FEMEY 4 b 4 ¥ DTNF-g, IL-6, 1S 0HE
T, B 1~2 HE Y- 2 8L THRNT

RBCHIFSELEMATEOFZEEFIL. &
Fizk o TIheDY 4 M i 4 Y BFEFICEH L
FUnds, HEEPER(BARUESR BERER)
DRENT, BigiloMpiaEaeRkit4 B
HgomeE(eEE) cfEsh, Ind
ORZEIC L o T4 VARIZBEMRIICEERE R
5, —FIRoO¥ L A4 IZERIC, BE
ALIcFE U0 { FEF Otrypsin & matrix metalio-



