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Abstract

Purpose To evaluate procedures and outcomes of extra-
corporeal membrane oxygenation (ECMO) therapy applied
to 2009 influenza A(HINI1) severe respiratory failure
patients in Japan.

Methods This observational study used database infor-
mation about adults who received ECMO therapy for
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HINT1-related severe respiratory failure from April 1, 2010
to March 31, 2011.

Results Fourteen patients from 12 facilities were enrolled.
Anti-influenza drugs were used in all cases. Before the start
of ECMO, the lowest PaO,/FiO, was median (interquartile)
of 50 (40-55) mmHg, the highest peak inspiratory pressure
was 30 (29-35) cmH,0, and mechanical ventilation had
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* been applied for at least 7 days in 5 patients. None of the
facilities had extensive experience with ECMO for respi-

ratory failure (6 facilities, no previous experience; 5 facil- -

ities, one or two cases annually). The blood drainage

cannula was smaller than 20 Fr. in 10 patients (71.4 %).
The duration of ECMO was 8.5 (4.0-10.8) days. The

duration of each circuit was only 4.0 (3.2-5.3) days, and the
ECMO circuit had to be renewed 19 times (10 cases).
~ Thirteen patienté (92.9 %) developed adverse events asso-
ciated with ECMO, such as oxygenator failure, massive
bleeding, and disseminated intravascular coagulation. The
survival rate was 35.7 % (5 patients).

Conclusion ECMO therapy for HI1Nl-related severe
resplratory failure in Japan has very poor outcomes, and
most patients developed adverse events. However, this
result does not refute the effectiveness of ECMO. One
possible cause of these poor outcomes is the lack of sat-
isfactory equipment, therapeutic guidelines, and systems
for patient transfer to central facilities.
-Keywords ECMO - Influenza - Respiratory'failuré .
Mortality

Introduction

The World Health Organization reported individuals
infected with a novel swine-origin influenza virus 2009
influenza A(HIN1) in Mexico and the United States in
April 2009 [ 1. This report was quickly followed by a
worldwide pandemic. The severity of infection was the
same as that of seasonal influenza in many cases, but more
than a few patients developed severe respiratory failure of a
kind that was unlikely to have resulted from conventmnal
seasonal influenza.

Serious cases in which oxygenation could not be
maintained by conventional mechanical ventilation were
managed with extracorporeal membrane oxygenation
(ECMO), often yielding excellent outcomes. According to
reports from Australia and New Zealand, 68 patients
received ECMO therapy during the 2-month period at the
height of the epidemic, and the survival rate exceeded
70 % [ 1. The Extracorporeal. Life Support Organization
(ELSO) reported a survival rate of more than 60 % for 323
patients [ ]. According to a report from the United King-
dom, treatment outcomes in very severe cases were better
when ECMO was applied than when only conventional
mechanical ventilation was employed [ ]. Utilization of the
ECMO network system and transfer of patients to the
ECMO center were considered to be among the factors that
resulted in better treatment outcomes [ — ]. The ECMO
Center Karohnska Sweden, reported a survwal rate of
more than 90 %[ ]

‘In Japan, however, no network system or center for
ECMO therapy is available, and ECMO has been applied
only at individual medical facilities in cases where this -
therapy was indicated. No data are as yet available in Japan
regarding the outcomes of ECMO therapy for 2009 infiu-
enza A(HIN1). The present study was undertaken to ana-
lyze the procedures and outcomes of ECMO ' therapy

“applied to adult patients, using information on-patients

infected with HIN1 and admitted to intensive care units
(ICUs). These data were collected by the Committee of
Crisis Control, the Japanese Society of Respiratory Care
Medicine and the Committee of Pandemic HINT Surveil-
lance, the Japanese Society of Intensive Care Medicine.

Methods

The study involved adults who received ECMO therapy
for severe respiratory failure. associated with HIN1
influenza from April 1, 2010 to March 31, 2011. A
database was created using patient information that had
been collected from attending physicians of the facilities
participating in this study; the information was provided at
the physicians’ own discretion in response.to a public

- notification (data collection on ICU patients infected with

HIN1) issued by the Japanese Society of Respiratory Care
Medicine and the Japanese Society of Intensive Care
Medicine. Informed consent from individual patients was
obtained by each reporting physician and facility. Data
collection pertaining to the findings before hospitalization’
and upon admission included age, sex, body weight, body

-mass index (BMI), body temperature, Acute Physiology

and Chronic Health Evalvation (APACHE) II score,
underlying disease, and vaccination. During treatment,
information was collected about complications, Sequential
Organ Failure Assessment (SOFA) score, type of anti-
influenza drug, mechanical ventilation, blood gas analysis,
and continuous renal replacement therapy. In addition,
data were collected about the duration of mechanical
ventilation, duration of ICU stay, hospitalization period,
and patient outcome.

From this database, adult patients who had received
ECMO therapy were extracted for analysis. The physician
in charge at each facility that provided the ECMO therapy
was requested by e-mail or telephone to supply additional
detailed information with regard to the following: the
equipment used for ECMO therapy, cannula size, site of
approach with the cannula, duration of ECMO therapy,
duration of mechanical ventilation before the start of
therapy, adverse events, cause of death, and previous
ECMO experience.

With respect to the ECMO therapy procedures, detailed
information was collected on each survey item. The

@ Springer



652

J Anesth (2012) 26:650-657

survival and non-survival groups were compared using the
Mann-Whitney test, Fisher’s exact test, or chi-square test.
Statistical analyses were performed using SPSS II (Abacus
Concepts, Berkeley, CA, USA). All values are reported as
- median (interquartile), and all p values <0.05 are consid-
ered statistically significant. ‘

Results
Patient background and treatment course (Table )

Fourteen patients from 12 facilities were enrolled in this

study. The survival rate was as low as 35.7 % (5 patients).

Weaning from ECMO was impossible in all the patients
who later died. ' o
Most patients were male (85.7 %). The mortality rate
predicted from the APACHE II score was 24.9 %, but the
actual mortality rate (64.3 %) was 2.5 times higher. None
of the patients had chronic respiratory failure, chronic heart

failure, or immunological diseases as underlying disorders.

Anti-influenza drugs were used in all cases: peramivir in
78.6 %, oseltamivir in 42.9 %, and zanamivir in 7.1 %,;
~ two drugs were used in each of four cases.

All patients received mechanical ventilation with
endotracheal intubation. Airway pressure release ventila-
tion (APRV) was used for mechanical ventilation in
92.9 % of cases. The causes of death were multiple organ
failure (MOF) in four cases, respiratory failure in three
cases, MOF and uncontrollable bleeding in one case, and
concomitant respiratory and circulatory failures in one
case. One of the discharged patients had respiratory
sequelae.

ECMO equipment and cannula (Tables , ' )

ECMO equipment manufactured by Terumo Corporation
(Tokyo, Japan) was used in 11 patients (78.6 %). This
equipment consists of a console, circuit, oxygenator, and
centrifugal pump. The blood drainage cannula was smaller
than 20 Fr. in 10 patients (71.4 %), and the maximum size
was 21.5 Fr. o

ECMO therapy (Table )

All patients received venovenous ECMO therapy, and none
required a switch to venoarterial ECMO therapy. None of
the facilities had extensive experience with ECMO therapy
for respiratory failure. At five facilities, ECMO was used
for the first time. Six facilities had previously applied this
therapy to one or two cases per year. One facility had used
~ ECMO in at least five cases a year.

@ Springer

Before the start of ECMO therapy, mechanical ventila-
tion had been applied for more than 7 days in two cases
from the survival group and three cases from the non-
survival group (13, 15, and 20 days, respectivley). The
duration of ECMO therapy was 8.5 (4.0-10.8) days,
ranging from 1 day (outcome, death) to 39 days (outcome,
death). , ,

The duration of each ECMO circuit was only 4.0
(3.2-5.3) days. The ECMO circuit was renewed a total of
19 times among 10 cases. The reasons for renewal were
reduced oxygenating capability owing to oxygenator fail-
ure (nine times), thrombus attachment to the oxygenator
(three times), circuit obstruction with thrombus (three
times), poor blood drainage flow (twice), pump head
trouble (once), and hemolysis (once). The duration of
ECMO therapy for the four cases that did not require cir-
cuit renewal was 6 days (outcome, survival), 4 days
(death), 4 days (death), and 1 day (death).

Adverse events associated with ECMO therapy
(Table )

Excluding 1 patient who died on the first day of ECMO
therapy, all patients developed adverse events associated
with ECMO (92.9 %). Direct adverse events developed in
11 patients (78.6 %); reduced oxygenating capability
owing to oxygenator failure (50 %) was the most frequent.
Indirect adverse events developed in 12 patients (85.7 %).
The most frequent complication was disseminated intra-
vascular coagulation (DIC, 71.4 %). All these adverse
events were associated with the coagulation and fibrino-
Iytic system (DIC, massive bleeding, thrombus, etc.). One
patient underwent a surgical procedure to achieve
hemostasis. :

Discussion

During the 2010-2011 season in Japan, the survival rate of
patients with 2009 influenza A(HIN1) severe respiratory
failure following ECMO therapy was only 35.7 %. Most
patients developed adverse events associated with this
therapy. . :
Several reports have demonstrated the effectiveness of
ECMO therapy for HIN1-related severe respiratory failure
[, , 1. According to a report from the United Kingdom,
the survival rate following ECMO therapy was 76 %,
which is significantly higher than that following conven- -
tional mechanical ventilation (48 %), and thus demon-
strates the effectiveness of ECMO [ ].-In the present study
in Japan, the survival rate was only 35.7 %, and the mor-
tality rate was 2.5 times that predicted from the APACHE
IT score. The survival rate was 64 % in HINIl-related
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Table 1 Patient background and treatment course

All cases (14 patients)

Survival group (5 patients)

Non—suryival group (9 patients)

Age (years)
Sex (male/female)
Weight (kg)
Obesity
"35>BMI > 25
BMI > 35
Body temperature (°C)
At first examination
Maximum
APACHE 1I score
Predicted death rate (%)
Maximum SOFA score
Underlying condition
Drug abuse
Pregnancy
Vaccination (HIN1 + seasonal)
Complications )
Acute renal failure
Acute hepatic failure
Culture-confirmed infection
Shock )
Medical treatment
Peramivir
Oseltamivir
Zanamivir
Antibiotics
Steroid
High + low dose
" High dose
Low dose
Sivelestat
Vasoactive drugs

54 (43-60)
1212
70 (64-80)

38.8 (37.1-39.1)
39.4 (38.7-39.8)
17 (12-25)
24.9 (14.6-54.1)
15.5 (12.0-19.3) -

Pt s

A w9

Rescue therapies and adjunctive therapies

Prone position
APRV

" Nitric oxide

~ CRRT"

3
13
1
7

Respiratory severity and ventilator parameters

Lowest PaOy/FiO, (mmHg)

Highest PEEP (cmH,0)

Highest PIP (cmH,0)
Ventilator days (days)
Length of stay in ICU (days)
Hospitalization (days)

50 (40-55)
24 (17-30)
30 (29-35)
19 (9-25)
17 (9-26)
25 (12-53)

54 (35-58)
4/1.
69 (54-86)

38.8 (36.8-39.0)
39.2 (39.0-39.7)
16 (12-24)

23.5 (15.5-49.7)
12.0 (10.0-15.0)

- O N

A= N O W [, e T ST N

N O N e

49 (43-53)
22 (15-28)
29 (23-42)
24 (16-37)
24 (16-31)
69 (35-83)

54 (41-62)
8/1
70 (64-80)

38.8 (37.3-39.4) -
39.5 (38.1-39.9)
17 (12-28)

26.2 (14.6-61.5)

19.0 (14.5-20.5)*

o WO W W O = B W N W W it

w00 N

50 (40-60) -
28 (18-30)
30 (30-35)
10 (6-25)
10 (6-25)
15 (6-25)**

Data expression, median (mterquamle)

BMI body mass index, APACHE Acute Physiology and Chronic Health Evaluation, SOFA Sequentlal Organ Failure Assessment DIC dis-
seminated intravascular coagulation, APRV airway pressure release ventilation, CRRT continuous renal replacement therapy, PEEP posmve end-
‘expiratory pressure, PIP peak inspiratory pressure, /CU intensive care unit

* p = 0.004 (survival group vs. non-survival group); ** p = 0.036 (survival group vs. non—sﬁrviv;ﬂ group)
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Table 2 Extracorporeal membrane oxygenation (ECMO) equipment
used

Table 3 Cannula size, approach site, and proximal position for
ECMO

Equipment Number of cases Drainage Number of cases
Console Size (Fr.)
CAPIOX SP-101 11 18 6
Bio-Console 560 1 19.5 -+
Stockert SCP system 1 21 3
MERA HAP-31 1 21.5 1
Circuit Approach site
CAPIOX Custom Pack 11 Femoral vein 14
Unknown 3 Proximal position
Oxygenator Inferior vena cava 10
LX or SX 9 Right atrium ' 4
BIOCUBE 6000 Return Number of cases
MERA HP Exelungprime 5
Centrifugal pump Size (Fr.)
CX-SP45 11 12 1
COBE revolution 1 15 9
Unknown ‘ 2 16 2
16.5 1
CAPIOX SP-101, CAPIOX Custom Pack, LX, SX, CX-SP45 21 |
(Terumo, Tokyo, Japan), Bio-Console 560 (Medtronic, Minneapolis, ;
MN, USA), Stockert SCP system (SORIN Group, Germany), MERA ~ Approach site
HAP-31, MERA HP Exelungprime (Senko Medical Instrument, Right jugular vein 12
Tokyo, Japan), BIOCUBE 6000 (NIPRO, Osaka, Japan), COBE Fetoral veiti 2

revolution (SORIN Group, Italy)

severe respiratory failure treated with mechanical ventilation
without ECMO for season of 2010-2011 in Japan [8, 9].

In addition, underlying diseases were present in only
two patients in this study, and none of the patients had
complications involving respiratory, cardiac, or immuno-
logical disorders. Anti-influenza drugs had been used in all
cases. In particular, during this season, peramivir, a drug
for intravenous administration, was newly available on the
market and had been used in 11 patients (78.6 %). This
drug was used as a more reliable means of treatment than
oseltamivir because it is less likely to cause poor absorp-
tion via the digestive tract from such problems as vomiting.
This finding suggests that the lives of many of these
patients could have been saved if appropriate management
with ECMO had been applied.

The blood drainage cannula size is considered an
important factor for maintaining appropriate flow during
ECMO therapy [10]. According to a report from the ECMO
Center Karolinska, blood drainage cannulas with sizes
between 23 and 29 Fr. were used for patients with a median
body weight of 88 kg [5]. In the present study, the drainage
cannula size was <20 Fr. in 70 % of the patients, who had
a median body weight of 70 kg (range, 51-90 kg) and
height of 146-190 cm (estimated from body weight and
BMI). According to the previous reports, the achieved
ECMO blood flow rates are generally 4-5 I/min [2, 5, 6].

@ Springer

Proximal position
Superior vena cava
Right atrium
Inferior vena cava

We did not have any ECMO blood flow data in this study,
but the cannulas used for these Japanese patients appear to

" have been too small in diameter. The use of a blood

drainage cannula with too small a diameter is more likely
to cause adverse events such as inadequate flow (from poor
blood drainage flow), hemolysis (due to the need for a
sufficiently high pump rotation rate to achieve satisfactory
flow), and a hemorrhagic tendency (caused by platelet
consumption).

Recently, adverse events arising from ECMO therapy
have been clearly decreasing thanks to advances in com-
ponent technology and techniques [11]. However, in the
present study, adverse events associated with ECMO
therapy developed in all patients, except for one who died
on the first day of this therapy, and the incidence of adverse
events was remarkably high compared with that in previous
reports [2, 4-7, 11-14]. Among other adverse events, such
disorders of the coagulation and fibrinolytic system as
massive bleeding, DIC, and thrombus formation, which are
complications that require close attention during ECMO
therapy [15], developed in most patients. Problems with the
equipment and the excessively small diameter of the
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Table 4 ECMO therapy

All cases Survival group Non-survival group

(14 patients) (5 patients) (9 patients)
Ventilator days before ECMO (days) 5.0 (0.8-8.5) 3.0 (0.5-7.0) 6.0 (0.5-14.0)
Length of ECMO therapy (days) 8.5 (4.0-10.8) 9.0 (6.5-12.5) 8.0 (3.5-11.5)
Number of circuits used 2.0 (1.0-3.0) 2.0 (1.5-2.5) 2.0 (1.0-3.5)
Duration of each circuit (days) 4.0 (3.2-5.3) 5.0 (3.3-6.8) 4.0 (2.14.3)

Table 5 Adverse events related to ECMO therapy

Event Number of cases (%)
Directly related to the ECMO circuit 11 (78.6)
Oxygenator failure 7 (50.0)
Blood clots 4 (28.6)
Oxygenator 3(21.4)
Other circuit 1(7.1)
Cannula-related problems 3(214)
Pump head complications 17:1) 4
Indirectly related to the ECMO circuit 12 (85.7)
Massive bleeding 81571}
Surgical site bleeding 4 (28.6)
Upper digestive tract hemorrhage 4 (28.6)
Cannulation site bleeding 2 (14.3)
Pulmonary hemorrhage 1 47.1)
Hemolysis 2 (14.3)
Disseminated intravascular coagulation 10 (71.4)
Venous thrombus 2 (14.3)

cannulas were probably involved in the development of
many of the adverse events associated with ECMO therapy
in this study. This view is supported by the observation that
the duration of each circuit was only 4 days. The life of the
oxygenator was extremely short, and this was a major factor
in necessitating circuit renewal only 4 days after the start of
use. The recommended period of use is only 6 h for the most
frequently employed ECMO circuit and oxygenator in
Japan, the CAPIOX Custom Pack (Terumo, Tokyo, Japan),
according to its package insert (written in Japanese). The
cavity of the circuit used in the present study usually had a
volume of 500-600 ml. Every time the circuit was renewed,
the same volume of blood was lost, and blood transfusion or
intravenous fluid infusion was carried out to compensate for
the discarded blood. This procedure is a major source of
stress for patients. It would appear to be necessary to review
the ECMO equipment used in Japan.

Factors that possibly raised the mortality rate following
ECMO therapy include central nervous system injury,
gastrointestinal or pulmonary hemorrhage, and renal dys-
function [16]. We found, however, no particular differences
in any of these factors between the survival and non-sur-
vival groups. The maximum SOFA score during treatment
was higher in the non-survival group, which reflects the

tendency for a more severe disease course in the non-sur-
vival group. The only difference between the two groups is
that the non-survival group included some patients who
were given mechanical ventilation for a period much longer
than 7 days before beginning ECMO. When started within
6 days after initiating mechanical ventilation, ECMO
therapy offers a high survival rate [3, 6, 10, 11, 17-20]. It is
also possible that initiation of ECMO was delayed because
Japanese physicians are unfamiliar with this therapy. In
addition, it seems that Japanese physicians had not under-
stood or implemented such routine therapeutic strategies as
the ELSO guidelines. Instead, a specific form of ventilation
that maintained a high average airway pressure, such as
APRYV, was employed in many cases. Although the setting
for mechanical ventilation during ECMO therapy was not
sufficiently clear from the data, it appears likely that a high-
pressure setting for mechanical ventilation was adopted
even during ECMO therapy, and this may be one of the
factors responsible for the high mortality rate. It is neces-
sary for physicians to develop a proper understanding of the
ECMO treatment strategy.

The survival rate of adults with severe respiratory failure
following ECMO therapy is reported to be usually 61 %
[15]. It has also been reported that when ECMO therapy is
applied to patients with severe respiratory failure, transfer
to a central facility, such as an ECMO center, is likely to
yield better outcomes [4-6, 11, 12, 14]. During the
2009-2010 season, ECMO therapy was applied to 16
patients with HIN1-related severe respiratory failure in
Sweden; 13 (81 %) of these patients were transferred to the
ECMO Center Karolinska, and the result was successful
weaning from ECMO in all cases [5]. In Italy, establish-
ment of the ECMO network resulted in a high survival rate
[6]. Both the effectiveness of ECMO therapy for HIN1-
related severe respiratory failure and treating many cases at
the central facility were reportedly major factors contrib-
uting to the high survival rate [4]. The facilities in Japan
have very little experience with ECMO therapy for patients
with severe respiratory failure. At most Japanese facilities
in the present study, ECMO for severe respiratory failure
had been applied to only one or two respiratory failure
cases a year or even less frequently; about half of the
facilities had no previous experience with this therapy.
HI1NI-related severe respiratory failure has a high proba-
bility of recovery in response to ECMO. Thus, adopting
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ECMO therapy should be given due consideration. How-
ever, because the number of patients with this condition is
not particularly large, transferring patients to central
facilities for this therapy is anticipated to improve treat-
ment outcomes because the physicians at such centers can
gain experience through dealing with a larger number of
cases. ECMO may also be indicated for HSN1 (avian
influenza), an outbreak of which is now a great concern. A
recent report has shown that ECMO should be performed at
centers with high case volumes, established protocols, and
clinicians who are experienced in its use [11]. Facilities
serving as centers for this therapy should be established in
Japan as soon as possible.

The present study has a limitation in that the survey did
not cover all patients who received ECMO therapy.
According to a report by the Ministry of Health, Labour
and Welfare of Japan, there were 15 deaths among the
adults who were given ECMO therapy (the number of
survivors has not been made public) [21]. In the present
study, 9 of the patients died, which would suggest that
more than half of all Japanese patients who received
ECMO therapy were covered by this survey.

The survival rate for patients with HIN1-related severe
respiratory failure following ECMO therapy in the present
study was very low. However, this result does not refute
the effectiveness of ECMO therapy for HI1NI-related
severe respiratory failure; the result is instead attributable
to the lack of experience and lack of preparedness of
Japanese facilities to provide ECMO therapy. To improve
the outcomes of ECMO therapy not only in Japan but also
in other countries inexperienced with ECMO therapy,
efforts should be made along the following lines: (1) sup-
ply ECMO equipment suitable for treatment of severe
respiratory failure; (2) promote a full understanding of the
ECMO treatment strategy by physicians and other medical
staff; and (3) transfer patients to central facilities estab-
lished for this therapy.
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- Table 1. Characteristics of the 7 cases

Copy number of the

Age/ . . H1§tory of Culture of (,ult‘ure of TBB' ) P(fR analysis targeted pathogen
Case - Diagnosis  periodontal BLF, or effusion R Treatment
gender disease sputum (source) (source) (proportion of total
A h bacterial load)
l ‘ o , no growth Treponema 11,040 copies/8 mm’ CAM +CLDM
/ S + ) a ¥ . P . e
L lung abscess normal flora (TBB and BLF)  denticola (TBB)  (10.3%) (6 weeks)
L : Klebsiella ~ “replococcus - Porphyromonas 45000 oieo/ml CTRX+CLDM
2 55/M  Empyema + . constellatus gingivalis
pneumoniae . A (20.52%) (4 weeks)
(effusion) (effusion) i
: Tannerella ;
p : : no growth . S *. 1,280 copies/8 mm* ABPC
/M - lune + - a - . 1518 ;
3 60/M lung abscess normal flora (TBB and BLF) Sorsythensis (42.1%) (7 weeks)
(TBB) i
¢ M Emovem C ermalfor | MO ETOWH: P ‘:Z’p;‘; TOMONS 6000 copies/ml  ABPC/SBT
o mpyema ) or (effusion) gungioa (001%) (4 weeks)
(effusion) ?
~ methicillin Porphy
5 8/M Emovema _ sensitive no growth e M 5600 copies/ml  ABPC+CLDM
: ’ pyem . Staphylococcus (effusion) gugivan: (0.09%) " (4 weeks)
(effusion)
aureus ;
6 55/F Em ; ema + normal ﬂora if:‘:f;:::;zczz“ negative not detected TAZ/PIPC
o ey ) - (effusion). (0.0%) (3 weeks)
(effusion) :
: TAZ/PIPC
7 68/M Iu bsces _ normal flora | " Prevotella oralis  Prevotella inter- 1,000 copies/8 mm® (2 weeks)
#W fung abscess * (BLP) media (TBB) 01%) - ABPC/SBT

(2 weeks)

BLF, bronchial lavage f}uid; GNR, gram negative rod; CAM. clarvithromycin; CTRX, ceftriaxone sodium hydrate; CLDM, clindamycin hy-
- drochloride; ABPC: ampicillin; ABPC/SBT, ampicillin/sulbactam; TAZ/PIPC, tazobactam/piperacillin.
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BlH 51328 P. gingivalis BB SN2, WTNOIE
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P27 S NBEERRE O I n S — RS A, KR
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P. oralis B35S, MMk PCRARALCH S8k A
% Prevotella JE® P. intermedia 7SH S iz, AT
KEBI 2 Bl 2R T 5.

BEFH T, W 2 DRIRD D Streptococcus constellatus, [5E#) 1)
 EEBI 6 DMK S S, intermedius, FEB) T TIXFELLE WA 69 R Aok
HHE O 2> & Prevotella oralis B3 & hL 7278, flaa ) G 7R RE, K.

B, 3 RELHEAS X O, B 4, 5 OIK)
B CTH 5. —Ff, WEMOMKE W7 PCR K

HIAREE © BT, T
FEVRIEE | MBS L, BRAKIE.
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BWIE 200044 B 1l HA O REERE DY, 18
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S6 ICREFE ZROMBEESELNAS, RLAE Lk
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(garenoxacin mesilate hydrate : GRNX) 400 mg/H %%
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MBHEBLE « HE 1420cm, #E 492ke, MF 130/70
mmHg, Jk# 73/min (), iR 36.7C. Sp0. 98% - (room
air), MORRNEZHTRLESE 2 L. ORI R E LCilish

E BB R RO ARERTH - 7.

ABERERRAT TR, A Bk EL 11,000/l (FHER 77.7%),
#Rik 76 mm/h, CRP.52mg/dl & #ERIS % Rd7=. 1
BHORECRESY -7 —3EEN, 2T, TA
RLVENR, 2YT Iy HAOHE, PD-I LA Vi
WG ENE BEOMW R, PR RE D BETh-
7. «

T (RFF 5L © WOER X 8T 13 R 12 3 — 2 B o0
HEolEESE R0 (Fig la), W CT TI3HE S6 128

6 cm KO EA—IERIXOIER R & 2 72 (Fig. 1b).

TR -

w47 o 7z, JRHEET R T SRR & e ot g

S EPMAE L HAT L TBB & R ik

Fig. 1 (a) Chest radiograph on admission, showing a nodular shadow in the right-middle lung
field. (b) Chest CT scan on admission, revealing an irregularly shaped mass lesion of the right
lower lobe (Case 1).
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Fig. 2 Chest radiograph on admission showing righf
" pleural effusion (Case 2).
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Abstraét

Chnlcal evalua’uon of PCR assays for detection of penodontal bacteria in patlents
with lung abscesses or empyemata

Kotaro Kadoya Yasuko Yoshloka Yukiko Namba? Yoko Katsura® Ryo Ko? Kengo Koike?,
Masakata Yoshioka® Shinichi Sasaki? Shigeru Tominaga® and Kazuhisa Takahashi®
"Department of Respiratory Medicine, Juntendo University Urayasu Hospital '
bDepartment of Respiratory'Médicine, Juntendo University School of Medicine

Current evidence suggests that periodontal disease may be associated with the development of a lung ab-
Scess or an empyema. Some microbes, including the btreptococcus anginosus group and obligate anaerobic bacte- *
ria, are recognized as important pathogens. We analyzed periodontal disease bacteria by polymerase chain reac-
tion (PCR) assays of transbronchial biopsy (TBB) specimens, bronchial lavage fluid (BLI*) or pleural effusion
obtained from 7 cases (lung abscess, 3; and empyema, 4). In 1 case, anaerobes were isolated from BLF culture,
but periodontal pathogens were detected in TBB specimens or pleural effusion by PCR assays in 6 cases (Por-
phyromonas gingivalis, 3; Tannerella fbrsythensis, 1; Treponema denticola, 1; and Prevotella intermedia, 1). In 1
case T denticola of unknown pathogenicity was detected in the TBB specimens. PCR assays targeting periodon-
tal disease bacteria are potentially useful for identifying the causes of respiratory infectious diseases, which are
difficult to diagnose by anaerobic culture. v
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CXCR4-Tropic, But Not CCR5-Tropic, Human
Immunodeficiency Virus Infection Is Inhibited by the Lipid
Raft-Associated Factors, Acyclic Retinoid Analogs,
and Cholera Toxin B Subunit

Haruka Kamiyama, Katsura Kakoki?’2 Sayuri Shigematsu]- Mai Izumida) Yuka Yashima
Yuetsu Tanaka;* Hideki Hayashi, Toshifumi Matsuyama Hironori Sato?® Naoki Yamamoto>®

Tetsuro Sano,” Yoshihiro Shidoji2
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and Yoshinao Kubo'?

Development of an effective low-cost anti-acquired immunodeficiency syndrome (AIDS) drugs is needed for
treatment of AIDS patients in developing countries. Host cell lipid raft microdomains, which are enriched with
cholesterol, glycolipids, ceramide, and gangliosides, are important for human immunodeficiency virus type 1
(HIV-1) entry. Retinoid analogs have been shown to modulate ceramide levels in the cell membrane, while
cholera toxin B subunit (CT-B) specifically binds to the ganglioside GMT. In this study, we found that the acyclic
 retinoid analogs geranylgeranoic acid (GGA) and NIK-333 as well as CT-B efficiently attenuate CXCR4-tropic,
‘but not CCR5-tropic, HIV-1 vector infection. We also found that GGA and NIK-333 suppress CXCR4-tropic HIV-
1 infection by attenuating CXCR4 expression. CT-B also attenuated CXCR4-tropic HIV-1 infection, but did not
suppress CXCR4 expression. These results suggest a distinct role for lipid raft microdomains in CXCR4- and

CCR5-tropic HIV-1 infections and illuminate novel agents for the development of AIDS therapy.

Introduction

.HIGHLY ACTIVE ANTIRETROVIRAL therapy (HAART),
which suppresses human immunodeficiency virus type
1 (HIV-1) reverse transcriptase, protease, and integrase, has
been found to be an effective treatment against acquired
immunodeficiency syndrome (AIDS). In fact, many patients
infected with HIV-1 do not progress to AIDS in developed
countries due to implementation of HAART. However, HIV-
1/AIDS continues to be a serious problem, as many HIV-1-
infected patients in developing countries do not have access
to effective anti-HIV-1 drugs due to the prohibitive cost of
the therapy, and thus, the numbers of HIV-l-infected pa-
tients are increasing worldwide. In addmon HIV-1 variants
resistant to current drugs have appeared.’ To resolve these
problems, novel, low-cost drugs that inhibit HIV-1 infection
are critical.

Lipid raft microdomains of target cell membranes are re-
quired for HIV-1 infection.®® Lipid 1afts are enriched with
cholesterol, glycolipids, and cerarmde Extraction of choles-
terol from cell memb1anes % binding of cholesterol with
various factors,>® and inhibition of biosynthesis of cholester-
ol**° or glycolipids' " suppress HIV-1 infection, suggesting
that cholesterol and glycolipids may be targets for novel anti-
HIV-1 drugs. In this study, we examined the effects of lipid
raft-associated factors, which were isolated from natural
products,-on HIV-1 vector infection.

Retinoic acid and its analogs modulate ceramide levels in
cell membranes.**° Retinoid analogs may inhibit HIV-1 in-
fection by altering-ceramide levels of the target cell mem-
brane. In fact, an all-trans retinoic acid®! and a weak nuclear
retinoid receptor agonist, N-(4-hydroxyphenyl) retinamide (4-
HPR),? inhibit HIV-1 infection'” %%, however, because 4-HPR
has severe toxicities, such as induction of vitamin A deficiency
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symptoms, clinical application of 4-HPR is restricted.” Ger- -
anylgeranoic acid (GGA), which i isa natural acyclic retinoid-

analog present in medicinal herbs,? serves as a weak agonist
for retinoid receptors, similar to 4-HPR.?* % NIK-333, which
is an artificial acyclic retinoid analog with a structure similar
to GGA (Fig. 1), prevents recurrence of hepatocellular carci-
noma following oral administration without any obvious side
 effects in clinical studies of liver cancer patients.®®* We an-

alyzed the effects of the acyclic retinoid analogs GGA and

NIK-333 on HIV-1 vector infection.

Cholesterol is enriched in lipid raft microdomains and
‘requires their structural maintenance. Extraction of choles-
terol from cell membranes by methyl-f-cyclodextrin
(MPBCD),* © inhibition of cholesterol synthesis by statin,”'°
or binding of amphotericin B methyl ester to cholesterol®
suppresses HIV-1 infection. Plant sterols are cholesterol an-
alogs that reduce serum cholesterol levels by replacing
cholesterol.*® Therefore, plant sterols may function as anti-
HIV-1 agents.

Because cholera toxin B subunit (CT-B) specifically binds
to the ganglioside GM], this subunit is frequently used as a
lipid raft marker.*® The cytopathic determinant of cholera
toxin is subunit A, which has the poly(ADP) ribosylation
activity of G-proteins.”® In contrast, the B subunit has no
cytopathic effect. GM1 is enriched in raft microdomains
and has been reported to bind HIV-1 envelope (Env) gly-
coprotein.®* Additionally, CD4-positive lymphocytes that
have elevated levels of another- gangliosides, GM3, are
highly susceptible to HIV-1 fusion and entry.'* Therefore,
CT-B may inhibit HIV-1 infection without cytopathic
' effects. ,

In this study, we examined the effects of these raft-associ-
ated factors on HIV-1 vector infection. Our results showed
that acyclic retinoid analogs and CT-B efficiently suppressed
CXCR4-tropic HIV-1 vector infection, providing novel strat-
egies for the development of CT-B or acyclic retinoid analog
treatment for AIDS patients. In contrast, these factors did not
affect CCR5-tropic HIV-1 vector infection, suggesting that raft
microdomains are involved dlfferenﬂy in CXCR4- and CCR5-
tropic HIV-1 infections.

4-HPR

GGA

/W/M coon

© NIK-333

MW coon

FIG.1. Chemical strucf_ures of 4-HPR, GGA, and NIK-333. ,
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Materials and Methods
Cells

COS7, 293T, NP2, TE671, and Hela cells were cultured in
Dulbecco’s modified Eagle’s medium (D-MEM) (Wako) sup-
plemented with 8% fetal bovine serum (Biosource) at 37°C in
5% CO,. NP2 cells expressing CD4 and CXCR4 (NP2/CD4/
X4) or CD4 and CCR5 (NP2/CD4/R5) were kindly provided
by Dr. H. Hoshino.** NP2 cells expressing CD4 and C-terminally
HA-tagged CXCR4 (NP2/CD4/X4-HA) were constructed as
previously reported.* TE671, HeLa, and 293T cells expressing
CD4 (TE671/CD4, HeLa/CD4, and 293T/CD4) were con-
structed with a CD4-encoding murine leukemia virus (MLV)
vector as previously reported.®® MAGICS cells, which are .
derived from Hel.a cells, express CD4 and CCR5 and contain
the f-galactosidase (ﬁ Gal) gene under control of the HIV-1
long terminal repeat

Expression plasmids

CXCR4—tr0piC HXB2 and CCR5-tropic JRFL HIV-1 Env
expression plasmids were kindly provided by Dr. Y. Yoko-
maku (National Hospital Organization Nagoya Medical
Center). A VSV-G expression plasmid and expression plas-
mids required for LacZ reporter gene-containing HIV-1 vector
construction were obtained from Invitrogen. An expression
plasmid encoding C-terminally HA-tagged CXCR4 was con-
structed as already reported.*

- Transduction assay

To obtain HIV-1 vector particles, COS7 cells were trans-
fected with the HIV-1 vector construction plasmids using
Fugene transfection reagent (Roche). The transfected cells
were washed with D-MEM medium 24h after transfection
and maintained in fresh medium for 24 h. Target cells were
either left untreated or pretreated with the retinoid analogs 4-
HPR (Sigma-Aldrich), GGA, or NIK-333 for 2 days or with

.CT-B (Sigma-Aldrich) or stigmasterol (Sigma-Aldrich) for 1

day. GGA and NIK-333 were synthesized by Kowa Company,
Lid. (Tokyo, Japan). The cells were inoculated with culture
supernatants from the transfected COS7 cells and then stained
with 5-bromo-4-chloro-3-indolyl-f-p-galactopyranoside (X-
Gal) (Nacalai) 2 days after inoculation. Blue cells were coun-
ted to estimate transduction titer. Approximately 10* 10, and
10° infected cells were detected among cells inoculated by the
HXB2 Env-, JRFL Env-, and VSV-G-containing vectors, re-
spectively. To normalize transduction titers, the VSV-G'vector
was diluted 100 times with medium.

" Flow cytometry

To analyze cell surface CD4 expression, suspended cells
were either left untreated or treated with an anti-CD4 anti-
body conjugated with FITC (Sigma-Aldrich). Cell surface
expression of CXCR4 or CCR5 was analyzed in suspended

- cells treated with rat anti-CXCR4 (A80) or anti-CCR5 (T312)

monoclonal antibody.>” As a control, cells were treated with a
rat serum. The cells were then washed three times with
phosphate-buffered saline (PBS) and treated with an FITC-
conjugated anti-rat IgG antibody (Sigma-Aldrich). The
stained cells were quantified using a flow cytometer (BD
Biosciences).
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Western immunoblotting

NP2/CD4/X4-HA cells were treated with the retinoid an-
alogs, and cell lysates were prepared. The cell lysates were
subjected to SDS polyacrylamide gel electrophoresis (Bio-
_ Rad) and transferred onto a PVDF membrane (Millipore). The
* membrane was treated with a mouse anti-HA monoclonal
antibody (Covance), and then with an HRP- con]ugated anti-
mouse IgG antibody (Bio-Rad).

Vector particle binding to target cells-

Target cells were incubated with culture supernatants from
the HIV-1 vector-producing cells for 1h at 4°C. The cells were
washed three times with PBS, and cell lysates were prepared.
HIV-1 Gag p24 levels were measured with a p24 enzyme-
linked immunosorbent assay (ELISA) (ZeptoMetrix) to esti-
 mate the numbers of HIV-1 vector particles bound to the
target cells.

Cell fusion assay

The 293T cells were transfected with the HXB2 Env ex-
pression plasmid, which also encodes the Tat protein. As a
control; 293T cells were transfected with a Tat expression
plasmid. The transfected cells were cultived with MAGIC5
cells 24h after transfection, and cell lysates were prepared
from the cells 24 h after the mixed culture. Upon cell fusion,
‘the Tat protein induced -Gal expression. f-Gal activity in the
cell lysates was measured to estimate cell fusion capability.

Statistical analysis

Differences between two groups were determined by the
Student’s t-test. The difference was considered statistically
significant if the p-value was <0.05 for all tests.

Results

Acyclic retinoid analogs and CT B inhibit CXCR4- trop/c
Hiv-1 vector infection

To assess whether retinoid analogs inhibit HIV-1 vector
infection, target cells were pretreated with 4-HPR, GGA, or
NIK-333 for 2 days. The chemical structures of the analogs are-
shown in Fig. 1. NP2 cells expressing CD4 and CXCR4 (NP2/
CD4/X4), NP2 cells expressmg CD4 and CCR5 (NP2/CD4/
R5),* and Hela cells expressing CD4 (HeLa/CD4)* were
used as target cells. All.of the retinoid analogs inhibited in-
fection by a CXCR4-tropic HXB2 Env-carrying HIV-1 vector
(Fig. 2A). Previous reports indicated that 4-HPR inhibits HIV-
1 infection,”® and this result is consistent with our firidings. In
addition; cell viability was not affected by the analog treat-
ment under these conditions. These results indicate that the
acyclic retinoid analogs GGA and NIK-333 as well as 4-FHIPR
inhibit CXCR4-tropic HIV-1 infection.

VSV-G-mediated infection is independent of lipid rafts,**
so we assessed whether VSV-G-pseudotyped HIV-1 vector
infection is also attenuated by the retinoid analogs. VSV-G-
pseudotyped HIV-1 vector infection was not significantly af-

 fected by the retinoid analogs (Fig. 2B). Similarly, infection by

HIV-1 vector pseudotyped with the Env protein of the CCR5- -

“tropic JRFL strain was not inhibited by the retinoid analogs
(Fig. 2C). These results indicate that the retinoid analogs
specifically suppress CXCR4-tropic HIV-1 Env-mediated
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infection but not VSV-G- and CCR5-tropic HIV-1 Env-

. mediated infection and that the retinoid analogs inhibit

CXCR4-tropic HIV-1 infection by a mechanism other than a
cytopathic effect.

We next assessed whether CT-B inhibits HIV-1 vector in-
fection. CD4-expressing TE671 (TE671/CD4), HeLa/CD4,
NP2/CD4/X4, and NP2/CD4/R5 cells were pretreated with
CT-B for 24h and then inoculated with HXB2 Env- or JRFL
Env-bearing HIV-1 vector in the absence of CT-B. CT-B sig-
nificantly attenuated CXCR4-tropic Env-mediated infection
but not VSV-G-pseudotyped HIV-1 vector infection in
TE671/CD4 (Fig. 3A), HeLa/CD4 (Fig. 3B), and NP2/CD4/
X4 cells (Fig. 3C). However, CT-B did not inhibit CCR5-tropic
Env-mediated infection in NP2/CD4/R5 cells (Fig. 3C). If CT-
Binhibited cell growth, this toxin should also suppress VSV or
CCR5-tropic vector infection; however, CT-B did not affect
cell growth as analyzed by microscopic observation. These
results indicate that CT-B specifically suppresses CXCR4-
tropic HIV-1 infection by a mechanism other than cell growth
inhibition.

Adchtlonally, we assegsed whether a plant sterol, stig-
masterol, inhibits HIV-1 vector infection. The target cells were

- pretreated with stigmasterol (80 ug/ml) for 24h. The trans-

duction efficiency of the HIV-1 vector was not affected by the
treatment (data not shown).

Retinoid analogs inhibit CXCR4 cell surface expression .

As the acyclic retinoid analogs inhibited CXCRA4-tropic
HIV-1 vector infection, we next assessed whether these reti-
noid analogs suppressed cell surface expression of the HIV-1
infection receptors, CD4, CXCR4, and CCRS5. 4-HPR did not
affect CD4 cell surface expression in HeLa/CD4 cells (Fig.
4A). GGA and NIK-333 treatment elevated CD4 expression,
though the acyclic retinoid analogs inhibited CXCR4-tropic
HIV-1 vector infection. In contrast, all of these retinoid ana-
logs reduced cell surface CXCR4 expression. Similar results
were observed in NP2/CD4/X4 cells, in which CXCR4 is
artificially expressed (data not shown). Furthermore, these
retinoid analogs did not affect CCR5 expression (Fig. 4B).
These results suggest that the retinoid analogs inhibit CXCR4-
tropic HIV-1 infection by suppressing CXCR4 cell surface
expression.

When NP2 cells expressing C-terminally HA-tagged
CXCR4 were treated with the retinoid analogs, expression
levels of the HA-tagged CXCR4 were not altered, analyzed by
Western immunoblotting using an anti-HA antibody (Fig.
4C). This result suggests that the retinoid analogs inhibit the
trafficking of CXCR4 to the cell surface, but do not inhibit
CXCR4 expression.

CT-B also inhibited CXCR4-tropic HIV-1 vector infection
but not CCR5-tropic HIV-1 vector infection; however, CT-B
did not affect cell surface expression of CCR5 (Fig. 4B),
CXCR4, or CD4 (Fig. 4C). These results indicate that CT-B
inhibits CXCR4-tropic infection by a mechanism other than
suppression of CXCR4 expression.

Retinoid énalogs and CT-B do not affect HIV-1 particle
binding to host cells

We analyzed the effects of the retinoid analogs and CT-
B on CXCR4-tropic HIV-1 vector particle binding to the
target cells by p24 ELISA. The amount of p24 protein



282 KAMIYAMA ET AL.
A1 © X4 vector Bk 167 VSV vector ’
: 14 A4HPR (D)
12 '
08 1
0‘6 0.8
04 0.6
02 04
ol 02
= o ¥ = L B B B ]
— 2 L) 0 © oy L o~ O & oo~
NP2/CD4/X4 HeLa/CD4 —_— e —_—s
NP2/CD4/X4 HeLa/CD4

GGA (WM)

Relative transduction titer
- =
)

Relatiife transduction titer

GGA (uM)

=" ) : e in 2 S o .
12 NP2/CD4/X4 HeLa/CD4 EEEENE °c w2 g
i “NP2/CD4/X4 HeLa/CD4
1 NIK-333 (M) 147 eLa
12 NIK-333 (M)
08 .
1
0.6 08
04 2.6
02 04
0.2
2/CD4/Xd HeL, 4
NPZICD4/X eLalCD NP2/CD4rX4 HeLa/CD4
RS vector

O
P

Relative transduction titer

0.8

0.6

0.4

0.2

control

4-HPR (2 pM)
GGA (20 uM)
NIK-333 (5 pM)

FIG. 2. Retinoid analogs inhibit HIV-1 vector infection.
Target cells (NP2/CD4/X4, TE671/CD4, and ‘HeLa/CD4
cells) were either left untreated or pretreated with the reti-
noid analogs, 4-HPR, GGA, and NIK-333, for 2 days. The
cells were then inoculated with the HXB2 Env- (A) or VSV-
G- (B) pseudotyped HIV-1 vector. NP2/CD4/R5 cells were
left untreated (control) or treated with the retinoid analogs
for 2 days and then inoculated with the JRFL Env-pseudo-
typed HIV-1 vector (C). The transduction titers of untreated
cells were set to 1. These experiments were repeated in
triplicate, and resulis are shown as the mean+SD. Asterisks
indicate statistically significant differences compared to un- .
treated cells.

bound to CD4-expressing HeLa cells was higher than that
bound to CD4-negative HelLa cells, indicating that vector
particle binding is CD4-dependent (Fig. 5A). None of -the
retinoid analogs (Fig. 5B) or CT-B (Fig. 5C) affected HIV-1

_vector particle binding to the CD4-expressing target cells.
These results show: that the retinoid analogs and CT-B
inhibit CXCR4-tropic HIV-1 infection by ‘a mechanism
other than suppression of CD4-dependent virion binding
to target cells.

Retinoid analogs and CT-B inhibit membrane fusion
activity of HIV-1 Env protein :

To assess whether the retinoid analogs or CT-B inhibit HIV-
1 Env-mediated membrane fusion activity, we analyzed the

" effects of these agents on HIV-1 Env-induced syncytium for-

mation. HEK293T cells transfected with the plasinid encoding
the HIV-1 HXB2 Env and Tat proteins were cocultured with
MAGIC5 cells for 24h, and f-galactosidase activity was
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measured in the cell lysates. The retinoid analogs (Fig. 6A) and
CT-B (Fig. 6B) suppressed syncytium formation. Direct inhi-
bition of the HIV-1 Env-mediated membrane fusion reaction
by these factors would suppress both CXCR4- and CCR5-
tropic HIV-1 infections; however, the factors did not affect
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FIG. 3. Cholera toxin B (CT-B) inhibits HIV-1
vector infection. TE671/CD4 (A), HeLa/CD4 (B),
and NP2/CD4/X4 and NP2/CD4/R5 (C) cells
were either left untreated or treated with CT-B for
24h. The TE671/CD4, HelLa/CD4, and NP2/
CD4/X4 cells were inoculated with' VSV-G- or
HXB2 Env-pseudotyped vector. The NP2/CD4/R5
cells were inoculated with the JRFL Env-pseudo-
typed vector. The transduction titers in untreated
cells were set to 1. These experiments were re-
peated in triplicate, and results are shown as the
mean+5SD. Asterisks indicate statistically signifi-
cant differences compared to untreated cells.
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CCR5-tropic HIV-1 infection (Fig. 2C). Taken together, these
results support the hypothesis that retinoid analogs inhibit
CXCR4-tropic HIV-1 infection by attenuating. CXCR4 expres-
sion, although CT-B may affect the HIV-1 entry process hetween
vector particle binding to target cells and membrane fusion.



