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. Abstract. Background Infection-associated encephalopathies such as Reye's syndrdme have been one of the major public
health problems in many countries. The not dissimilar neuropsychiatric adverse reactions, including deaths, observed with
Tamiflu (oseltamivir phosphate: OP) have been another current problem especially in Japan.

Methods: Among the cases with neurapsychiatric adverse reactions to Tamiflu on which I was consulted, those cases in which
medical charts, autopsy records and/or prescription certificates were available were analyzed and described. In order to obtain
a complete view of the spectrum of neuropsychiatric adverse reactions attributed to Tamiflu and of existing knowledge of the
" causal relationship, adverse reaction case reports and accounts of personal experiences were collected using PubMed, Japonica
- Centra Revuo Medicina, the websites of MHLW, PMDA and FDA and other Internet sources. Information on animal toxicity

and clinical trial findings was derived from the texts of the officially approved data sheet for Tamiflu. :

Results and discussion: This paper reports eight cases in total: five of these died and three survived. Two died as a resuit of
acc:dents resulting from abnormal behaviour. Three others died suddenly during sleep (two infants and one adult). One of the
" .infants and the adult were found at autopsy to have severe lung oedema. A 14-year-old boy experienced agitation, cyanosis, loss
.of consciousness and seizures but recovered completely, while a 10-month-old girl showed retarded development and mental
retardation after initiaily appearing to recover from the acute event involving loss of consciousness and seizure. A 15-year-old
boy had a delayed onset of c0mp11cat10ns but developed prolonged neuropsychiatric adverse reactions after taking an almost
complete course of Tamifly; in this case the symptoms lasted for two weeks.

Following our review of known clinical cases of this type, which included 80 fatalities (among them 50 instances of sudden
death and 8 cases of accidental death consequential upon abnormal behaviour, dnd in the light of our study of animal experiments
and the latest laboratory findings, we propose to c1a331fy adverse reactions to Tamiflu as follows: -

(1) Sudden onset adverse reactions typically occurring after taking one or two doses of Tamiflu; these result from the central-
nervous system suppressant action of oseltamivir, a pro-drug of oseltamivir earboxylate (OCB: an active metabolite). The group-
includes cases of sudden death during sleep or associated with respiratory suppression, sudden onset of abnormal behaviour

- . and oceurrence of other neuropsychiatric disorders having an acute onset but a short duration.

(2) Delayed onset adverse reactions occurring after taking several doses or a full course of Tamiflu, probably caused by-
OCB. Examples include delayed onset neuropsychlatnc reactions with prolonged duratlon, pneumonia, sepsis, bleeding and
. hyperglycemia. - i '
(3) Allergic and mtsc:eh’aneous reactions involving various organs :
The mechanisms underlying the adverse reactions to oseltamivir and the causal relatlonshlps may be summarized as follows:
_ (1) Oseltamivir has a depressant effect on the central nervous system (CNS); the signs, symptoms and pathological findings

are similar to those induced by hypnotics and sedatives (decreased body temperature, decreased spontaneous movements,
slowfirregular breathing, cyanosis and pulmonary oedema). Severe sequels may reflect delayed ‘newronal damage resulting
from temporary cardiopulmonary arrest.

(2) Abnormal behaviour, delirium, hallucinations and even suicide could be the consequences ‘of disinhibition or loss of
control induced by the CNS depressant effect.

(3) Delayed onset reactions to Tamiflu may be related to its inhibitory action on s:allda.. (!'!eLrarnmidase), a key enzyme
for antmral activity and inivolved in 2 wide variety of mammalian physiological processes mcludmg immune functmns cell

Cha:rperson The Japanese Institute of Pharmacowgﬂance, a non-profit organization. Editor: Kusuri-no- Check (a drug
bulletm)

0924-6479/08/$17.00 © 2008 - 10S Press and the authors. All rights reserved
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6 R. Hama / Fatal neuropsychiatric adverse reactions to oseltamivir

apoptesis and glucose metabohsm reﬂectmg its ability to influence the conformation of glycoproteins and gangliosides that are
important components of cell structure and function.

Conclusion: Three sudden deaths during sleep and two near deaths with or without sequels, as well as two deaths from
accidents resulting from abnormal behaviour in older children and adolescents shortly after taking Tamifiu are probably related
to the central depressant action of oseltamivir. Late onset neuropsychiatric symptoms after taking a full dose of Tamiflu, which
we observed in one case, may be related to the inhibition of human neuraminidase by OCB, an active metabolite of Tamiflu.

Keywords: Tamiflu, oseltamivir, adverse drug reaction, sudden death, influenza, animal toxicity, fever, delirium, organ damage, .
encephalopathy '

Abbreviations

OCB: Oseltamivir carboxylate,

NAP: New drug approval package,

MHLW: Ministry of Health Labour and Welfare,
PMDA: Pharmaceuticals and Medical Devices Agency.

1. Introduction

Acute encephalopathy following viral infection, such as Reye’s syndrome and/or influenza-associated
encephalopathy, has been one of the major public health problems experienced not only in Japan but
also in the US [8,69] and elsewhere. After the publication of warnings against and restrictions on the
use of salicylates in young children, Reye’s syndrome disappeared in the US [9]. Similarly, restrictions
on the use of non-steroidal anti-inflammatory drugs (NSAIDs) as antipyretics in Japan in 2000 led to
a dramatic decrease in case mortality of Reye’s syndrome and/or of encephal1tls/encepha10pathy after
viral infection [37].
 However, further cases of sudden death associated with influenza in previously healthy cthdren were
reported both in the United States [8] and in Japan [84] during the winter of 2002/03. ~

After I warned of the possible involvement of Tamiflu (oseltamivir phosphate), an ethylester prodrug
of oseltamivir carboxylate (OCB) as the cause of sudden death [33,34], eight families consulted me for
an expert opinion.on the causé of their children’s deaths or the serious adverse events which they had
experienced when using this drug, making their medical records available for my perusal I presented .
three-of these fatal cases at a scientific meeting in November 2005 [35].

The present paper will describe five deaths and three Ilfe—threatenmg cases of neuropsychiatric ad-
verse reactions involving Tamiflu. The mechanism of such adverse reactions to Tamlﬂu and the causal

relationship w111 be discussed.

2. Materials and methods

. After the presentation of the above material at the scientific meeting in 2005 [35], and during the
period up to the end.of August 2007, the families of five additional cases made their medical charts,
autopsy records and/or prescription certificates available to me for investigation.

I analyzed eight cases in all in which the necessary documents were available for study Histories were

agam taken from the families.
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In order to examine the full spectrum of neuropsychiatric adverse events associated with Tamiflu and
to discuss the causal relationship, case reports and data on adverse events or reactions as well as accoiints
of personal experiences were collected from a wide range of sources. Information was derived variously
from direct phone calls and e-mails to our center, by searches using PubMed, “Japonica Centra Revuo
Medicina” (a Database of Japanese medical journals), the websites of the Japanese Ministry of Health,
Labour and Welfare (MHLW), the Pharmaceuticals and Medical Devices Agency (PMDA) as well as
the US Food and Drug Administration (FDA) and various other internet sources.

Data on animal toxicity and clinical trial findings were based on the studies cited in the “New drug
approval package” (NAP) issued for Tamiflu capsules (used both for treatment and for prevention); and

for Tamiflu dry syrup (in Japanese) [13-15].
The mechanism of adverse reactions to Tamiflu and the causal relationship will be dlscussed focusing

on the following poinits:

(1) the profile of adverse reactions to Tamiflu in human subjects,

(2) the drug’s toxicity profile in animals,

(3). the similarity of the symptoms and ﬁndmgs in animals and in humans,

(4) the neuropsychiatric symptoms and forms of dyscontrol experienced with other CNS suppressants :

(5) differences between Reye’s syndrome and influenza-associated encephalopathy,

. (6) cases of non-Tamifiu related sudden death and seizure-inducing drugs

(7) fever delirtum and Tamiflu delirium,

(8) brain/lung oedema and hypoxia,

(9) sequels and appearance of delayed neuronal cell damage following cardiac arrest,
(10) delayed adverse reactions and inhibition of human sialidase (neuraminidase) by OCB,
(11) limitations of postmiortem measurements of oseltamivir and OCB levels,

(12) methods of assessment for advérse reactions, '
(13) what this paper adds to earlier reports,
(14) possible further study required to confirm causality and for other reasons.

For the statistical analysis Epilnfo (version 3-3-2) was used for case controlled study or cross sectional
studies. The latest version of StatDirect was used for meta-analysis of the death rate during toxicity
testing of non-steroidal anti-inflammatory drugs (NSAIDs) using infected animals.

2.1. Case reports

Elght cases are summarized in Table 1. Seven were sudden onset cases in whichthe events ‘occuried
soon -after the first or second dose of Tamiflu, while one was a delayed onset neuropsychiatric case in
which the adverse events occurred after the end of a full course of Tamiflu and contmued for some two

weeks.
" Of the seven sudden. onset cases, two were accidental deaths, probably after non-suicidal abnormal

behaviour, three cases were sudden deaths during sleep, and the other two were life-threatening cases:
- one without any sequels after occurrence of abnormal behaviour, cyanos1s and seizure, ancl another w1th

sequeis after cyanosis and seizure.
2.2. Two cases with abnormal/strange behaviour and accidental death.

Casel. A 14—year—old boy had a body. temperature 38 0°C (100.4 F) on the evening on February 4th
2005 It rose to 39. 0°C (102.2 F), accompamed by other ﬂu symptoms and was dlagnosed as influenza
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. TaBle 1

Characteristics of the patients |
Case Age Sex Influenza Oseltamivir -~ Signs and Qutcome Autopsy: . Body
no. (Y/M) type dose symptoms findings  temperature™*
: (leading to death) ) : (°C)
1 14 M A 75mg x 1  Accidental death Death Not done 37.5
" after abnormal
behaviour '
2 17 M A 75mg x 1 Accidental death Death Not done 39.2
. after abnormal B
_ behaviour : .
3 29 M A 2mgkg x 1 Sudden . Death . Not done 34.0
cardiopalmonary
arrest during nap
_ (10 min) . ‘
4 3/3 M A 2mg/kg x 1 Death diring dap . -Death Brain oedema ?
' ‘ and marked lung
. oedema without
. . a . inflammation
5 39 M B 150 mg x 1  Death during sleep Death Dilated heart and ?

lung cedema
without sign of .
inflammation and

' o : _ " fibrosis
6 i4 M A 75 mg x 1 Abnormal behaviour, Recovered 37.5
: ' dyspnoea, cyanoéis, without sequels :
) seizure and weak '
- . . breathing
7 o/10 F 9% 2mg/kg x 1 Flaccid extremities,  Marked ?
‘ loss of consciousness, mental and ’ {not high)
cyanosis and seizure =~ physical -
: retardation
followed by
gradual
. ) . B o development
8 15 M B 75'mg Lethargy atd 5, Recovered . : Normal
1day, - abnormal = “without .

75 mg x bid. behaviour/delirium  sequels
4 days,and  onday 6,
75 mg 1 day, hallucination on

‘ the third day and
neuropsychiatric
symptoms for .
some two weeks
after the end of
the Tamiflu course.

* Influenza or adverse effect of influenza vaccine'(Occurring 6 days after inoculation). ** Body temperature around the time of
the event (degrees centigrade).
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A by rapid testing at a clinic. After he had returned home and slept for two hours, his body temperature
fell to 37.5°C (99.5 F). After he took a first dose of Tamiflu (one 75 mg capsule containing 75 mg of
oseltamivir; equivalent to 98.5 mg of OP), he watched a video on TV for about 1.5 hours with his elder
sister, and went to bed in his room. However, about 30 minutes later, his mother could not find him there.
- Noticing that the entrance door was open, she looked out into the stairway and heard a shout “a boy has

fallen”. His residence was on the ninth floor of a condomlmum She went down to the ground level and
‘found that the boy was her son. ‘

His fingerprints were found on the bannister rail of the staircase leading down from the condominium.

They showed that he had first climbed over the bannister and grasped it, from which it was concluded
- that he had first hung from the bannister and had then fallen the nine stories to the ground. His body

was severely damaged, except for his head and he died from massive bleeding. There was no sign of his-
- having consumed alcohol.

. Case 2. A 17-year-old high school boy with high fever (39.0°C or 102.2 F) consulted his family doctor
on February 4th 2004. He was initially treated with amantadine (50 mg b.i.d.), though rapid flu testing
‘was negative. The next morning he had 39.7°C (103.5 F) and again consulted the doctor, at which time

- he tested positive for influénza A. He took a Tamiflu 75 mg capsule at home around noon. One and a half

hours later, he complained of nausea. By about 2 p.m. his body temperature was 39.2°C (102.6 F), after

~ which his father left home, leaving him alone. While all the family members were away from home, he.
“suddenly went outside and jumped over the fence around his house. He ran on the several centimeters

" thick snow, then jumped over a concrete fence, crossed a railway line and jumped over a guardrail along

a highway: passers-by noted that he was smiling. On the road he was run over by an oncoming truck and
killed. These events occurred some three hours and forty-five minutes after taking Tamiflu and about
nine hours after taking the last dose of amantadine (50 mg). There was no sign of his having consumed

alcohol.
2.3. Three cases of sudden death during .s:léep

Case 3. A boy aged two years and nine months and weighing 13 kg, who had previously been in good
- ‘health developed a temperature of 38.3°C (100.8 F) and was taken to the family doctor on February 5th
- 2005. He was influenza A positive as determined by rapid testing.

After having been alert and relatively well in the morning, he was given one dose of Tamiflu dry syrup
(25.5 mg) together with one dose of other drugs, including cyproheptadine, carbocysteine and tipepidine
hibenzoate. His temperature at this time was 39.2°C (102.6 F). He did not complain of vomiting or
headache and he fell asleep ten minutes after taking the medicines. 'One and a half hours after taking
the medicines, he woke up crying and complained of headache. He did not stop crying even when his
_mother took him in her arms to console him. It took forty to fifty minutes before he stopped crying and

fell asleep again, some two hours and 20 minutes after taking the medicines. Two hours and 45 minutes
after the treatment his mother noticed that he turned over in his sleep. Just ten minutes-later she touched
~ him. and found him flaccid and not breathing. She called an ambulance and he arrived at the hospital
some thirty minutes Jater. His body temperature at this time was 34°C (93.2 F). He was successfully
- resuscitated and his heartbeat resumed but he died next day (28 hours after admission to the hospital).
His AST/ALT/LDH/CK levels were slightly elevated ‘at admission and extremely high just before his
" death which was found to be due to hypoxic organ failure resulting from cardiopulmonary arrest. There
was no sign of his having taken alcohol.
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Case 4. A boy aged 3 years and 3 months and weighing 13.5 kg had generally been in good health
though he suffered from atopic dermatitis without asthma. When he developed a body temperature of
38.5°C (101.3 F) that has persisted for several hours he was taken to the family doctor on December 27th
2002. At the clinic his temperature was found to be 39.6°C (103.3 F) and rapid testing led to a diagnosis
of influenza A. He was treated with aminophyllin (50 mg) in 200 ml electrolyte solution and inhalation
- of procaterol with sodium cromoglycate for a mild wheezing bronchitis. Tamiflu 55 mg (4.1 mg/kg/day)
and other drugs (including antihistamines and mucolytics) were prescribed for him. After coming back
home at around 14:00, he took only one dose of Tamiflu (27.5 mg) of the various drugs prescribed and
fell asleep shortly afterwards. He woke up after one hour and then slept again while watching a video on
TV. At this time his mother remained in the room, checking him on occasion; after some time, believing
- he was asleep since he was lying on his left side, she switched off the video. At around 16:00 his mother
_found that he was lying face down; he now had rhinorrhea and was apparently not breathing.

' He was taken by ambulance to a hospital emergency unit where he arrived at 16:34. He was intubated
and treated with cardiac massage immediately on arrival, and was treated- with three intravenous doses
of 0.1 mg adrenaline and eleven intravenous doses of 1 mg adrenaline. Resusmtated nevertheless failed
‘and he was pronounced dead at 17:15,

According to the autopsy report required by law, the major macroscopic findings comprised moderate
lung congestion with marked pulmonary oedema, mild congestion of the spleen and of the renal pelvis.
The brain was markedly congested and swollen (wt. 1331 g) especially in the pons and medulla but no
brain herniation was obsérved. .

Histological examination showed that the lung tissue was slightly congested with some macr()phagic
infiltration, while the bronchial mucosa was slightly swollen and infiltrated with lymphocytes and neu-
trophils. There were no signs of pneumonia and the histological findings wére compatible with bronchitis
due to typical influenza virus infection and lung congestion after sudden cardiac arrest. A pulmonary le-
sion was not the cause of his death. No. particular findings were observed in the heart and other organs
except in the brain. Brain oedema was slight; no evidence of meningitis or encephalitis was found and
no brain herniation appeared to be present. Diffuse microgliosis was observed in the brain and pons.
Most of the astroglial fibers were segmented on GEAP staining, a typical but non—specxﬁc SIgl‘lS of dis-
organization of the blood-brain-barrier of unknown cause.

. His glucose level was-196 mg/dl (10.9 mmol/l) at 16:41 and 466 mg/dl (25.9 mmol/l) at 16:52 though
he had no diabetes mellitus. Rapid increase in the glucose level may be induced by very high doses of
'adrenalme (11.3 mg in total) such as were used for resuscitation. There was no sign of alcohol consump-

t1 on.

Case5. A 39-year—old prev1ously healthy man developed flu-like symptoms on the evening of February
.25th 2005. His body temperature was 37.4°C when he consulted his family physician at a hospltal at
7:30 p.m. He was diagnosed as having influenza B and was treated with 0.5 g of intramuscular dipy-
rone and infused with 500 ml of maltose-lactated Ringer’s solution containing 1 g of cefpirome sulfate
over a couple of hours. He was then prescribed Tamiflu (two 75 mg capsules b.i.d.), cefcapene pivoxil
hydrochloride (100 mg t.i.d.), naproxene (100 mg t.i.d.), ambroxol hydrochloride and throat lozenges.
Returning home, he took one dose of each medication. 10 minutes later, at around 10:00 p.m., he went
to bed. Next morning his mother found he was lying face upwards with opeh mouth and open eyes but -
leanmg a little to his left, and apparently not breathing. His mother called an ambulance, but when it
“arrived the crew informed his mother that he was dead and took the body to the hospital where death

was conﬁrmed
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Autopsy was confirmed by a specialist in forensic medicine at the university medical school. Major
findings of the autopsy and histology were as follows: dilated and heavy heart (448 g) without inflamma-
- tion or fibrosis, pulmonary oedema without pneumonia, massive amounts of sputum in the bronchi and
- of a pinkish or brownish mucous in the trachea and larynx and a liquefied adrenal medulla. Viral testing

revealed influenza B. Examination of the urine with triage testing proved negative for amphetamines,
hypnotics, marijuana and antidepressants. Troponin testing in the urine also proved negative. The time
of death was estimated at around 1:00 a.m., i.e. about three hours after taking the'medicines. The cause
of death was diagnosed as acute left heart failure due to dilated cardiomyopathy.
It is notable that this man had been entirely healthy before developing influenza. He had no trouble
_during or after the infusion- of cefpirome in 500 ml of fluid over a couple of hours and he had shown no |
signs or symptoms of heart failure before taking one dose of each medication just before falling asleep.
It can therefore be assumed that his heart failure and lung oedema set in after he had taken the medicines.
There was no sign of his having consumed alcohol.

- 2.4. Two life-threatening cases with or without sequels

Case 6. A 14-year-old boy with a body temperature of 39.0°C (102.2 F) and other flu symptoms: was
diagnosed as suffering from influenza A by rapid testing at a clinic near the ski resort which he and
his family had visited on 31st December 2005. He vomited about one hour after taking the first dose-

" of Tamiflu (one 75 mg capsule) at 11:00 a.m. His father then took him back to the family home, which

_involved some 8 hours of driving, arriving at about 20:00. As soon as the boy arrived home, he took a

“second Tamiflu capsule. One hour after the second dose, he developed a headache and looked agitated
'saymg “can’t breathe”, “Wau Wau” and something else that made no sense.

" His father held him tight to calm him but his face became cyanotic and then he suddenly turned
pale, his eyes turned upwards, his extremities became flaccid and he lost consciousness. By the time

. an ambulance arrived he had begun to breathe again but very weakly, and his father was very anxious
that the breathing might fail again. In the ambulance the body temperature was.37.5°C (99.5 F) but
after admission to hospital it rose again to 38.8°C (101.8 F), falling once more t0 36.7°C (98.1 F) after
taking paracetamol. Seven hours after he had taken the second dose of Tamiflu he again became agitated,

shouting and with evident dyspnea and his eyes were again turned upwards. He recovered completely

15 hours after taking the second dose of Tamiflu. His electro-encephalogram (EEG) showed no evidence
of encephal1tls/encephalopathy He now had no fever,-there was no recurrence of neuropsychiatric and
respiratory disorders and he was dlscharged on the thlrd day of admission. There was no sign of alcohol _

: consumptlon at-any time:

Case 7. A IO-month old glrl who was born on March 12th 2002 weighed 3324 g at buth there were
no birthing complications. She grew steadily, could sit unsupported by the 6th to 7th month and began
crawling backward for the first time in the 9th month and also began crawling forward a little later. She
could stand supported and was making early attempts to walk and talk (*ma-ma-ma” and “ba-ba-ba”).
She could-hold a spoon and eat with it when her mother put some food on it. She also played with her
toy telephone. At a routine check-up on December 26th 2002 her height was 71.2 cm and body weight
was 9.0 kg. All these facts suggest that her physical, cognitive and emotional development was initially
normal.

* On 16th January 2003, she was inoculated with lnﬂuenza HI vaccine 0.1 ml. In the evening on that
day, her body temperature rose to 38.6°C (101.5 F), she had a running nose and productive cough;
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her temperature theredfter fell until Januér.y 19th after which it rose again to 37.9°C ‘('100.2 F) Her

mother took her to a clinic. Rapid testing for influenza A and B-was negative and the doctor prescribed
d-chlorpheniramine maleate, tulobuterol, carbocysteine, tipepidine hibenzoate, pranoprofen and parac-
etamol suppositories. Her mother gave her all these drugs except pranoprofen and paracetamol only on
the first day (January 20th) since her body temperature fell promptly. On January 22nd however her body
‘temperature rose again and her mother returned with her to the clinic; her temperature was now 38.6°C
(101.5 F) and a doctor diagnosed influenza though without specific testing; he prescribed Tamifiu 18 mg
b.i.d. She was given an initial dose at 15:30. The mother, who was carrying the girl on her back, noticed
somethmg abnormal at 16:20. The mother tried to let her sit at this time but she could not sit unsupported.
She fell down with flaccid extremities and lost consciousness with cyanotic lips and froth. The mother-
took her to the clinic again at 16:45, and when the doctor saw her she exhibited clonic seizures and
was unconscious. She was treated with a 4 mg suppository of diazepam, and the seizures ceased within
some 10 minutes. Her consciousness apparently recovered after one hour and three quarters (18:30) and
the doctor recorded no abnormal findings when she left the clinic. The mother recalled that her body
temperature was less than 38.6°C (101.5 F). She did not take another Tamiflu.

Her temperature fell and other common cold-like symptoms disappeared except on 25th when her

body temperature was 38.9°C (102.0 F) without taking any medicines.

On January 26th, her mother noticed that she did not crawl as she used to.do before the events on
22nd. The movement of her upper extremities was not much affected but she crawled dragging her both -
.legs. She could no longer stand supported; she did not put down her legs and did not try to stand. Her

normal mental and physical condition which' was acutely impaired at the time of the event has since that
time ceased ‘to develop satisfactorily. When she was two years and two months old, she became able to
stand by grasping something. At the age of two and-a half she could walk one or two steps. By the age of
‘two years and eleven months she could stand up unsupported and could walk about 10 m, and she could
walk by herself at around three years of age. :

. Following the acute events of January 22nd the child became very passive and ceased to speak. She
“spoke a little for a short period before her second years birthday; but thereafter she essentially lost the
ability to speak until she was three and half years-old. She can now say papa” “bye bye” and * puapua”

(this means mama. She cannot pronounce mama).
. After the acute event she stopped trying to grasp a.spoon and to eat by herself. It was not uritil she was
. 3 years and 5 months old that she could eat by herself again.

She is now 5 years old but she cannot put on clothes by herself, cannot excrete independently, cannot
eat nor go up and down the steps alone: She is almost entirely dependent on others for her daily activity

at home and in the society.

Magnetic resonance imaging (MRD), performed in April 2006, showed very slight atrophy in the rlght

hippocampus, and poor development in the bilateral sylvian fissure was suspected. No seizure-spike was
- observed but basal waves were not completely normal by the EEG taken in April 2006.

2.5. A late onset case with neuropsychiatric symptoms lasting for two weeks
-Case 8. A 15-year-old junior high school boy with a body temperature of 39.2°C was diagnosed as
influenza B by a rapid testing by his family physician. Tamiflu 75 mg b.i.d. was commenced on the

evening on February 8th together with paracetamol 400 mg b.i.d. and various-other drugs to relieve the
-symptoms of flu. His body temperature fell to about 38.0°C next day and about 37.0°C on 10th, but hé
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could not go to school. On 12th his body temperature was wrthm the normal range but he was Ietharglc
throughout the day: :
After he took the last dose of Tamiflu on 13th (6th day since commencement of Tamiflu), he went to
school where he sat erect with his legs folded under him (Japanese sitting style) on the desk and began
to sing loudly during a lesson. He could not communicate with his classmates or look them in the eyes.

He seemed to be delirious. His parents took him back home where.again he was lethargic, though no

other abnormality of behaviour was apparent, and he was unwilling to return to school. After four days
_his parents took him to the physician who referred him to a general municipal hospital. There he was

‘thought to be suffering from abnormal behaviour induced by Tamiflu and was admitted.
. Routine examinations including urinalysis, complete blood count and blood chemistry, head CT, brain
MRI, EEG etc. were normal. Serum ammonium-level was also normal. During the physical examination
before admission, he commented “There are insects on my mask” which fed the staff to suspect that he
was experiencing visual hallucinations. : '

On admission, signs and symptoms characterlsnc of delirium were observed: he tried to pull out hisg
venous lines out or attempted to go home shouting “This is not a hospital this is a nursing home for
_ elderly people”. His doctor decided that he should be away from the hospital for several days (February

17th to 23rd), since he could not be maintained there.

On February 19th, his parents took him back to the hosp1tal to be tested (SPECT) but he did not want
to go inside the building. Finally he underwent a test but could not complete it because of his agitation
during the procedure. On 20th he was referred to another hospital for a second opinion, but he could not
" await until h!S turn; rushing out of the hospital into the street he narrowly avoided being run over by a
car.

. After February 22nd he tried to attend schoo[ with his parents during his-hospital leave and did so
"~ without any apparent trouble. He was formally discharged from hospital care on 23rd February. On
26th (Monday) and. on 27th (Tuesday), he went to school and noticed that he had engaged in strange .
behaviours only after reading text messages from his classmates on his-mobile phone. He was very much
ashamed with this, but could not himseif recall what he had done. After this he became-fully normal and
controlled. The entire episode had lasted for 18 days after commencement of Tamiflu, 16 days since the
initial fever fell to normal, 14 days after the onset of lethargy, and 13 days after beginning of abnormal
behaviour. : :

He was reluctant to attend the school’s graduation cerémony on March I3th althou gh he had been able
to take an entrance examination for high school on March 7th. Once he reallzed that he had passed the
exammatlon he gradually regained his usual cheerfulness.

There was no sign of alcohol consumption during the course of these events.

-3, Discussion

Oseltamivir phosphate is easily dissociated in the GI tract to form oseltamivir which is absorbed
from the gut and is extensively hydrolysed to OCB (Ro64-0802) and ethanol by liver microsomal car-
boxyesterase (hCE-1); apart from this, up to one fourth of oseltamivir is distributed via circulation and
 enters the brain tissue through the blood-brain barrier {13—15], OCB is a potent selective inhibitor of in-
~ fluenza A and B virus neuraminidase [13—15], while oseltamivir phosphate and oseltamivir 1ack antiviral

_ activity. The absolute bloavallabillty of OCB is 79.0% (SD 11 6%) [13-15].

31



14 R. Hama / Fatal neuropsychiatric adverse reactions to oseltamivir
3.1. Profile of adverse reactions to Tamiflu in human subjects

(1) Low body temperature. -
One of the most prominent adverse reactions (AR) to oseltamivir observed in humans is low body
_ temperature. According to the Chugai Pharm Co. (Chugai), 136 cases of reduced body temperature cases
were reported to the company by June 2005. It is pointed out in the literature that low body temperature
may be related to oseltamivir and the complication is not limited to children; that adult cases with low
body temperature were also observed [85]. Chugai agrees that the reduction in body temperature is one
of the adverse reactions to oseltamivir which may inhibit the body temperature regulatmg center in the
‘brain [16].

. Reduction in body temperature by inhibition of this regulating center undoubtedly means that 0s-
eltamivir readily passes the blood-brain barrier (BBB) and enters the brain not only of babies younger
than one year old but also of older children and even adults who have not consumed alcohol when they
are infected with influenza or other acute mfectlous diseases. -

~(2) Sudden onset psychiatric disorders including abnormal behaviour, delirium and hallucination.

Cases 1 and 2 are the typical cases showing a sudden onset of abnormal behaviour and occurrence of
accidents. MHLW reported the case of a teenage girl with abnormal behaviour as a result of hallucina-
tion [62]: as soon as her body temperature fell, she ran to the window but her mother stopped her from
jumping from the window, thus preventing an accident. MHLW warned of the possibility of abnormal
behaviour by publishing this case in June 2004 [62]. Chugai had received 69 reports of hallucinations by
June 2005 [16], though only 10 cases of hallucination and 8 of abnormal behaviour had been reported as
adverse reactions to Tamiflu on the Japanese PMDA website up to March 2005 [77]. After my presenta-
tion of this issue at a scientific meeting in November 2005, 35 further incidents of abnormal behaviour
were reported in three months between January and March 2006 [77]. -

.“The Japanese MHLW has announced that since 2001, when marketing of oseltamivir started in Japan

' and up to May 31st 2007 it had received 1377 reports of adverse reactions [63,64]. Of these, 567 were
serious neuropsychiatric cases, including at least 211 showing abnormal behaviour [63,64]. Of 71 deaths
reported by MHLW, aceidental deaths from abnormal behaviour were noted in eight (five i in teenagers,
three in‘individuals aged 20 or over)-[63.64].

FDA. [27] holds reports on 103 neuropsychiatric cases (95 cases. of these including 3 death cases are
from Japan). 75 patients (73%) experienced neuropsychiatric symptoms after one or two doses of Tam-

“iflu. The times of onset of symptoms from the administration of oseltamivir (n = 58) are as follows:
0.5h = 12 (21%), 1-1.5 h = 12 (21%), 2-2.5 h = 8 (14%). 38 patients (66%) experienced symp-
toms within less than four hours, and 54 patients (93%) experienced them within some 6 hours after
the last.dose of Tamiflu. On the other hand, a few patients experienced adverse reactions after a full
course of treatment dose and after 12 hours or more. It should be noted that the time elapsing from the
commencement of Tamiflu until the onset of symptoms is very short in most of the cases.

The MHLW task force reported on October 26th 2006 the results of a survey analyzing 2846 children
with flu in the winter of 2005/06, performing in order to the investigate causal relationship between
oseltamivir and abnormal behaviour [63]. It calculated the frequency of abnormal behaviour in patients
treated with Tamiflu and patients not yet treated for each period by dividing a day in three parts (morning,
afternoon and night) for seven days and examining the cumulative frequency for the whole study period.
It concluded that there was no significant difference between these two groups (11.9% vs. 10.6%: hazard
ratio 1.16, 95% CI0.90-1 .49). There are however many limitations in this study. For instance, it is neither
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a randomized controlled study nor a case-control study. It is merely a comparison of the situation before
- and after taking Tamifiu. It is not known which occurred earlier, the ingestion of Tamiflu or the event
within each period of first Tamiflu intake for whole study period. .
However, based on this study data, proportions of patients with abnormal behaviour in the afternoon
(from noon to 6 p.m.) on the first day of fever can be calculated for patients known to have been
treated with Tamiflu cases (treated) and those definitely not treated with the drug (pre-treatment and
non-treatment cases: pre/non-treatment). '
Proportions of children with abnormal behaviour, according to the information prov1ded by physicians,
“were 0.45% in pre/non-treated cases and 1.82% in treated cases. According to the information provided

. by families, the proportions of children experiencing “Terror or fear” was 0.38% vs. 2.00%. The figures

for “Hallucination™ were 0.055% vs. 0.66%, for “Sudden screaming/delirious speech” was 0.60% vs.
2.35% and for “Anger” 0.55% vs. 2.03%. Thus relative risks (and the relevant 95% confidence intervals)
were 4.02 (1.52-10.53), 5.22 (1.85-14.68), 11.99 (1.57-91.30), 3.89 (1.56-9.62) and 3.69 (1.40-9.67)
 respectively. However, these high relative risks were only clearly observed in the afternoon on the first
day of fever and were not observed from the second day to the seventh day. This tendency coincides with
FDA's analysis based on cases reported from Japan [26} and the high frequency of Vomltmg occurring
only on the first day of the treatment [14].
" The MHLW task force reported on December 25th 2007 the first preliminary results of a survey
analyzing 10,316 children with flu in the winter of 2006/07 [98]. In this report there are many serious
misclassifications.of cases: forexample, a part of cases with events were deleted from Tamiflu-prescribed
group and added to non-prescribed group. This miscalculation yielded very low odds ratio (0.382: 95%
CI0.338-0.432, p < 0.0001). However, correct odds ratio is estimated at least 1.37 (95% CI 1.18-1.58)
and up to 2.56 (1.83-3.61 p<00000001) [39]. . :

(3) Sudden death, hypoxia, resplratory depressmn and lung oedema. :

Of 71 deaths reported by MHLW [64], the number of instances of “sudden death” according to its
cIaSSIﬁcatlon is 13. However, according to my analysis, in which cases of death following sudden car-
d10pu1monary arrests are included, the number of instances of “sudden death” was in fact 41. These
41 cases include one instarice which was classified by MHLW as an anaphylactlc -shock™ “possibly

“related to Tamiftu” by MHLW but should‘ be classified as sudden death by my classification. In this
_ case 2 woman in her eighties was diagnosed as having suffered anaphylactic shock although no typ-
ical s_igns and symptoms of anaphylaxis such as urticaria, wheeZing or evidence of laryngeal oedema
were recorded on the case card. In addition, her family told the doctor that her level of consciousness
suddenly declined just after taking Tamiflu, paracetamol and cefcapene pivoxil, leading to her death. .
" However; neither the doctor nor the MHLW pointed to the presence of any typical signs and symptoms -
of anaphylaxis, and dlagnosed her as anaphylactic shock simply because she suddenly died after taking
* the medicines,
~ In addition to the 71 deaths reported by MHLW, there were nine-other sudden deaths which the min-
istry did not recognize as adverse réactions [38]. Of these nine cases four had alréady been recorded by
the MHLW as adverse events but were not included as adverse reactions. Nor were my present Case 3,
a literature case report by Fujii [29], an Internet report or two cases reported only by phone mcIuded in
the cases that MHLW has disclosed to date. |
Overall it would seem that, of the total 80 deaths on record, 50 were sudden deaths or deaths from-
-sudden cardiopulmonary. arrest (18 in those below 10 years old, 32 in those aged 20 or over). Of these,
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21 were sudden deaths during sleep, 13 were sudden death with réép’ifatbry'dis'tiirBa'rice,' and I7 were' ™

sudden cardiopulmonary arrests.

Of the eight cases presented here, three (Cases 3-5) died during sleep and two (Cases 6 and 7) were
very nearly fatal, with severe cyanosis and seizure probably due to hypoxia from respiratory suppression.-

A 3-year-old boy described in the literature {29] died within an hour while his parcnts were taking
him to a hospital by their car after they noticed his abnormal respiration.

After the news release of my presentation in November 2005, I received phone calls and e-mails from
a total of more than 50 people who had experienced (either personally or in their families) adverse
reactions to Tamiflu. Among these, there were two fatalities. One was a 53-year-old male with dyspnea,
‘cyanosis and subsequent cardiopulmonary arrest while still in the ambulance. The other was a 60-year-
old male with dyspnea and cyanosis, who died in hospital after cardiopulmonary resuscitation.

Of the eight cases of my report, two (Cases 4 and 5) were autopsied and both showed marked lung
oedema, changes that are frequently observed among dead rats after treatment with Tamiflu (occurring
in one experiment in 9 of 18 animals treated), pointing to sudden deaths from hypoxia due to central
suppression of respiration. ' ‘

The followmg two cases whose case reports were disclosed on the MHLW website [63] are. also
important in considering the contmmty of the spectrum covering respiratory suppressmn and sudden
deaths due to Tamiflu.

A two years old boy (MHLW- BO4026215) with hydrocephalus and an Armold—Chiary malformation
~and a VP-shunt took oseltamivir phosphate 18 mg as Tamiflu dry syrup five times in four days. He '
became unusually lethargic on day 4 and stopped taking the drug. Late on day 4 his temperature fell - -
to some 35°C and he suddenly suffered cardiac arrest with facial pallor. After about twenty minutes
he was resuscitated in an ambulance. At a hospital his body temperature was 34°C and lung oedema
was observed on chest X-ray without pneumonia; the latter recovered easily after adequate oxygenation.
Brain oedema was however also observed and after repeated incidents of cardiac arrest and resuscitation,
he died 85 days after the commencement of Tamiflu, probably due to hypoxic multi- orgari failure.

Another previously healthy boy (MHLW-B05005388) took Tamiflu syrup for two days. His.age ap-
pears to have been about ten months old, in view of the dose level of Tamiflu (16.5 mg) and the fact that
he coulid toddle by grasping fixed objects. On day 3, he became flaccid just after waking. During medical
.examination he developed pulmonary arrest; he was therefore intubated and given artificial respiration
“manually. After three further incidences of cardiopulmonary arrest and resuscitation with the aid of a
ventilator, lung oedema was observed by chest X-ray; this was relieved by the next day following ade-
quate-oxygenation. He could be weaned from the artificial ventilator on day 5 after the principal event,
but he had sequels which rendered him bedridden although he could drink and eat something. |

The mechanism of lung oedema is discussed below. -

. The spectrum and continuity of symptoms due to respiratory suppression after takmg oseltam1v1r (ie.
sudden deaths with or without lung oedema sudden arrests with sequels and complete- recovery) are

summarlzed in Table 2.

(4) Cases with multiple neuropsychiatric symptoms. :

- There are several cases exhibiting a variety of combinations of multlple neuropsychlatnc symptoms
occurring after taking Tamiflu; manifestations include low body temperature, hallucinations, abnormal
behaviour, suppressed activity, suppressed respiration, cyanosis, dyspnea and subsequent seizure.

Among the cases reported by telephone or e-mail is that of a woman in her thirties who noted that
as her body temperature fell to 34.1°C, she tried to call her family for help but could not, and subse-
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Tab'le 2 o
Spectrum and continuity of symptoms due to respiratory suppression — sudden death, sequels or complete recovery after taking
oseltamivir '

1. Sudden death without pulmonary oedema (the hypoxic period prior to death may have been too short to allow for development
_ of lung oedema).

2. Sudden death mainly during sleep with puimonary oedema (Cases 4, 5)

3. Sudden cardiopulmonary arrest for a substantial period; resuscitated but transient lung oedema ensued and patient died after
several weeks or months due to hypoxic multiorgan failure (MHLW-B04026215).

4. Sudden cardiopulmonary arrest for a substantial period; resuscitation followed by transient lung oedema with sequels
rendering patient bedridden (MHLW-B05005388).

-5. Probably sudden cardiopulmonary arrest for a period with seizure; apparent recovery followed by sequels (retrograde
development with subsequent retardation and gradual development). .

6. At least one episode of loss of consciousness and possible hypoxic seizure; complete recovery without sequels (Case 6
and many similar cases in MHLW’s reports).

7. Asthenia, dyspnea and/or cyanosis without seizure followed by complete recovery (many cases in MHLW’s reports).

vquently lost consciousness. After regaining consciousness, she could not move and experlenced visual .
" . and auditory hallucinations.

"+ Sugaya reported a case with low body temperature and cyanoms [86]. Among the series of cases

reported in the present paper, Case 5 experienced delirium, severe dyspnea, cyanosis, suppressed respi-
ration and subsequent seizure. His body temperature was 37.4°C. He experienced a second episode with

- delirium, agitation, dyspnea and subsequent seizure 6 hours after the first episode. In thrs case the body
_ fell to 36.7°C about 100 min after taking paracetamol.

A Japanese case (case #5769078) reported by the FDA [26] involved a 15 -year-old male patient treated
with oseltamivir 75 mg b.i.d. for influenza. He experienced delirium, involuntary movement, seizure and’
subsequent loss of consciousness and collapse. His temperature was 38.1°C on arrival at hospital. After
admission, his temperature went down to 37.6°C with stable vital signs. He experienced a second episode
of delirium with abnormal behaviour at midnight but he did not remember this incident. The ﬁrst EEG
" showed.no abnormahty but a second EEG showed a spine-like spike.

This case was reported as one of seizure. As noted above however, various other symptoms were also
., present, notably two episodes of delirium (one with decreased temperature and antegrade amnesia, loss
" of consciousness and collapse), with Improvement over the next two days

(5) Reactions with delayed onset and/or a prolonged course.

Case 8 is one of the typical cases with delayed onset and prolonged course. There are substantlal
-numbers of cases in which neuropsychiatric reactions appear only after several days of treatment with -
Tamiflu. However, in some cases neuropsychiatric symptoms appeared after taking a few doses and they
continued for more than a week or even for as long as several months. For example, a9-year-old boy was
treated with two doses of Tamifiu for his flu A [44]. Even after his body temperature had decreased to
" pormal, he had not fully recovered and he experienced reduced consciousness with amnesia for a week.
" These symptoms recurred about a month later without any triggering factor and on this occasron Iasted
about a week.
 There are in total 22 known deaths which are neither sudden deaths nor accidental deaths resulting

from abnormal behaviour [59,60]. Of those, four are deaths from sepsis following exacerbation of pneu-
monia after possible respiratory suppression. Nine cases are possibly related to exacerbation of mainly
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pneumonia' Gastroinestina} (GI) bleeding occurring six days after one dose of Tarhiﬂu_75 mg was the

main cause of death in a case treated with dialysis due to renal failure.

- GI bleeding was observed ineight patients in all including three cases classified as mstances of sudden

death (two boys under 10-year-old and a man in his thirties) [63,64]. Bleeding was one of the complica-
“tions in four adult cases classified under the headings severe infection or sepsis [63,64].

Beside these disorders recorded as causes of death, hyperglycemia is one of the typical delayed re- -
actions to Tamiflu. This conclusion is based on the analysis of several randomized controlled trials and * -
the adverse reaction is described in the New Drug Approval Package (NAP) of oseltmivir (in Japanese):

_ _Tamiﬂu capsule for treatment [13].

(6) Reactions of allergic origin and other possible comphcatlons

A further five deaths were associated with disorders of an allergic nature: two invelved fulminant
hepatitis with hepatic failure (one with a positive and one with negative drug- induced lymphocyte stim-
ulation test: DLST), and the three others involved toxic epidermal necrolys1s pancytopema and agranu-

‘locytosis respectively [63,64].

Acute hemorrhagic colitis induced by oseltamivir with posmve DLST for oseltamlvu' was reported '

[100]. .
The clinical course of death could in three cases not be c1a331ﬁed as the available information was

) msufﬁcmnt

(7) Summary of profile of adverse reactions to Tamiflu. :
“In view of the above, the serious adverse reactions to oseltamivir reported so far may be roughly

classified into three groups:
(1) Sudden onset adverse reactions related to the central nervous system suppressant action of os-
eltamivir:
(a) Sudden. death mainly during sleep, after complaints of dyspnea or abnormal respiration,
or death with sudden pulmonary or-cardiopulmonary arrest. Somnolence, sleep, vomiting,

‘ : headache and/or hypothermia may be frequently observed as initial prodroma] symptoms. Dys-,
‘pnea, cyanosis, agitation, or loss of consciousness with grand mal seizures may be often ob-

served just before the sudden death. However, sudden death might also occur during apparent
- sleep. .

" (b) ‘Abnormal behaviours and other acute onset neuropsych:amc dtsorders Low body tempera- '

. ture, hallucinations, agitation and/or difficulty of movement may bé observed before abnormal
“behaviour is noted. Visual, auditory or pain hallucmatmn may occur and even su1c1da1 ideation
-or suicidal attempts have been reported.

(2) Delayed onset serious adverse reactions such as delayed onset neuropsychiatric reactions with -

prolonged course, pneumonia, sepsis, bleeding and hyperglycemia. Reactions of this type usually
occur after taking several doses or a full course of Tamiflu, This type of complication could however
. occur even after taking a single dose in cases of severe renal failure because of a prolonged high

plasma concentration of OCB.

(3) Reactions of allergic origin such as fulminant hepatttls toxic epldermal necrolysis, agranulocyto— :

s1s pancytopenia and others.
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3.2. The toxicity profile of Tamifiu in animals ' -

(1) Deaths.

Sudden deaths were observed in at least three animal toxicity studies submitted to the MHLW [14,15]: '

(2) In a dose finding toxicity study on 7-day-old rats, 18 of 24 treated with 1000 mg/kg of oseltamivir
phosphate (OP) (i.e. 761 mg/kg of oseltamivir (OT)), died within seven hours after the treatment. Vac-
‘uolization of liver cells was observed in all dead rats and lung oedema was also observed in nine of the
.18 dead rats on histological examination. No death was observed in 500 mg/kg (381 mg/kg of OT) or

lower dose groups including the vehicle group.

(b) In a series of 7-day-old rat toxicity studies, it was noted that two to three hours after the first dose

. of OP had been administered, 2 of 14 rats died in the 700 mg/kg (533 mg/kg of OT) group and 3 of 14

rats died in 1000 mg/kg group. Symptoms such as decreased body temperature, decreased spontaneous

- movements and slow and/or irregular breathing were observed in 6 of 14 rats in the 700 mg/kg group

‘and 12 of 14 rats in 1000 mg/kg group. Tremor was observed in one rat and collapse was -observed in
. another rat among 14 rats of 1000 mg/kg group.

{c) In a series of toxico-kinetic tests, young rats were treated with a smgle OP dose of 1000 mg/kg.
Seven of 56 seven-day-old rats died between 10 minutes and 4 hours after a single dose of OP. Symptoms
such as decreased body temperature, paleness and decreased spontaneous movements were observed
-in 8 of 56 rats. One of twenty eight 14-day-old rats died 10 minutes after the treatment. No particular
abnormality was however in the surviving or dead animals. No drug-related deaths were observed among
twenty eight 24-day-old rats or twenty eight 42-day-old rats.

~ (2) Symptoms suggesting central nervous system suppression.

Symptoms such as decreased body temperature, decreased spontaneous movenients and slowllrregular
breathing before death and frequent ﬁndmgs of lung oedema at autopsy suggest that the major cause of
.death is probably respiratory suppression due to central nervous system suppression.

(3) 64 times hlgher concentration in the immature brain. -

The ratio of maximum concentration (Cmax) of OT in the brain- of 7—day-old rats to that of mature .

. (42-day-old) rats was about 64 and the ratio of Cmax of OT in 7-day-old rats’ brain to plasma was

~about 0.81. A ratio of Cmax of active metabolite (OCB) in the brain of 7- day-old rats to that of mature
(42-day- ~old) rats was only 3.1. The ratio of Cmax of the active metabolite in 7-day- -old rats’ brain to that

-in plasma was 0.72 [15]

(4) The non-fatal rat dose was 10-20 times higher than clinical dose.

Non-fatal dose in rats (500 mg/kg of OP) is about 100 times the recommended human dose in-chil-
dren (5.3 mg/kg/day as OP or 4 mg/kg/day as OT) calculated on a mg/kg basis for OP, but it is only
10-20 times the recommended dose in terms of AUCy_o4 , of OCB. No data are available for compari-
son between concentrations of oseltamivir i in the brain and plasma of 7-day-old rats and those rneasured

- in human infants less than one year of age.

(5) Other toxicities: pneumonia, GI bleeding and renal toxicities [13].

Three of six rats treated with 100 mg/kg (equivalent to free form) of OCB mtravenously for two
-weeks developed acute alveolitis. Of the three, one exhibited wheezing on day 14 and was sacrificed the
next day. Diffuse hemorrhagic alveolitis (pneumonia) and pulmonary microvascular thromboembolism
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were observed in this animal. The AUCy o, of 100 mg/kg of OCB administered intravenously was

' 53.9 pug-h/ml, which is only 12 times higher than the average human AUCp—4 (4.6 ug-h/mi) on day 7 in
individuals treated with 75 mg oseltamivir b.i.d. The AUCy, of safe level i.v. doses (20 mg/kg) in rats
was 8.55 pg-h/ml, i.e. less than twice the usual human AUC. '

Lung oedema with congestion was observed in one female dead rat among ten treated with 2000 mg/kg
of OP for three days in an oral toxicity test for two weeks.

Leukocytosis, an increased glucose-level, histological change in renal tubules, increased relative
weight of liver and kidney were also observed in various doses and various animals treated for vari-
ous periods.
~ In the marmoset monkey 7-day oral toxicity tests, one of four ammals treated with 2000 mg/kg of OP
‘was sacrificed on day two, because of dying after severe vomiting, sleep, slow movement and collapse.
Other.three. animals were all sacrificed on day four and the test for this dose group was discontinued.
In all of the animals killed, reddening of the stomach mucosa macroscopically and mucosal bleeding -
‘with erosions, ulcers and atrophy was observed in the stomach histologically. In the animal killed on
day two, these findings in duodenum and jejunum were also observed with macroscopically swollen
small intestine. In stead of 2000 mg/kg, new dose group was started at the level of 1000 mg/kg of .
OP. In this dose group, reddening macroscopically and atrophy hlstologlcally of the stomach mucosa -
were observed. Vomiting was observed in the 500 mg/kg OP group, but this level was considered as
non-observed adverse effects level (NOAEL) by the manufacturer, though the lowest level (100 mg/kg)

'should be the real NOAEL..

The safety index (animal AUCy—4 with no toxicity by human average AUCy—4 when taking 75 mg
capsule b.i:d.) is only 3 for the four-week toxicity studies in rats and the six month oral toxicity studies
in rats, 8 for the two week oral toxicity study in rats and 10 for the marmoset monkey 7-day oral tox1c1ty

study

(6) Interaction with alcohol (acting as a partial agonist and antagonist).
Recently, in 28 weeks old rat experiment, oseltamivir (50 mg/kg ip) administered two hours prior to
.injection of ethanol (3.3 g/kg ip) shortened the duration of the loss of righting reflex (LORR) induced
by ethanol, while the rectal temperature measured one hour after ethanol injection was significantly
lower in rats treated with oseltamivir than in those not receiving oseltamivir treatment [46]. In the CA1
region of hippocampal slices, oseltamivir (100 uM) induced paired-pulse facilitation in population splkes
‘without changes in excitatory postsynaptic potentials. Similarly, 3 uM OCB facilitated neuronal firing,
though the facilitation did niot involve GABAergic disinhibition [42]. These results apparently mean that
oseltam1v1r may act as an agonist while OCB acts as an antagonist to ethanol. '
" However, none of eight human cases presented here was reported to have taken alcohol Only two
cases among hundreds of serious neuropsychiatric adverse reactions to Tamiflu (including mstances of
sudden death) were reported to have been taking alcohol.
* The quantity of ethyl alcohol released when 75 mg of oseltamivir is fully metabolized to OCB is only.
11 mg. This may be too small to.affect one’s neuropsychiatric state including respiration compared with
the levels resulting from ethanol injection in animals (3.3 g/kg ip as above) or human consumption of -
alcohol (about 20-25 gina bottle of beer or two glasses of wine).

| 3.3, Similarity of symptoms and findings in animals and in human -

Table 3 shows that oseltamivir has almost exactly the same effects in humans and in animals except
for the psychiatric symptoms which are difficult to demonstrate in animal toxicity studies. The spectrum
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Table 3

Similarity of symptoms and histological findings in animals and human subjects after treatment with oseltamivir-p

Symptoms and findings

Humans

Animals: rats and marmosets*

~General
symptoms

Psycho-
sensory
symptoms

Pathological/
histological
findings

Temperature

Movement/
behaviour

Sleep
Respiration

Face
appearance

collapse

" Death e

Abnormal
behaviour,
Hallucination/
delirium

Loss of

- consciousness-
" Visual

abnormality
Auditory

abnormality

Lung, heart
and brain

Low temperature

Could not move, could not speak even when
attempting to do so (suppressed behaviour),
abnormal behaviour (excitatory behaviour)
Somnolent .

Suppressed respiration, abnormal respira-
tion, shallow and weak respiration, irregular
and mixed patterns (deeper and lighter respi-
ration) respiratory arrest

Pale, cyanosis, blackish hue

Collapse, cardiopulmonary arrest
Death

Abnormal behaviour, I-_Iallucinationfdelirium, _

Decreased level or loss of consciousness, an-
terograde amnesia

Besides visual hallucinations, misleading vi-
sual impressions of real objects (size, pat-
terns).

Normal sourds dppear very loud or non-
existent sounds are experienced. Patient may
cover both ears to protect from supposedly
loud noises.

Marked pulmonary cedema is often ob-
served in the sudden and autopsied death
cases (8 of 11 including our cases). Tempo-
rary pulmonary oedema may be observed in
the resuscitated cases. Brain oedema and/or
bleeding may also be -observed in sudden
death cases.

Lowering of temperature

Decreased spontaneous movement (sup-
pressed behaviour)®

Prone to sleep™

Slow and weak respiration, irregular respira-
tion

Cyanofic before death

Collapse™
Death

These symptoms may be difficult to detect
in animal experiments and have never been

~ investigated in animal. toxicity studies of

oseltamivir-p.

Lung oedema was observed in nine of
18 dead rats, No macrescopic or histologi-
cal abnormalities were reported for the brain,
But it does not mean the possibility. GI
bleeding is frequently observed in the high
dose group of marmoset monkey.

of effects in humans and in animals including lung oedema is exactly the same as that of central nervous
suppressants such as benzodiazepines and barbiturates. ‘

3.4.A Neuropsychiatric symptoms and disinhibition due to CNS suppressants

Respiratory suppression and abnormal behawour are dlfferent effect profiles of central nervous system

suppressants.

It is well established that benzod:azepmes and barbiturates that induce respiratory suppression may
cause bizarre uninhibited behaviour including anxiety, irritability, hallucinations, and hypomanic behav-
“jour or even hostility and rage as a result of disinhibition or dyscontrol reactions [7]. Paranoia, depréssion
and even su1c1clal behaviour may aiso occasionally accompary the use of benzodiazepines and barbitu-

rates [7].
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Table 3
: (Continued)
Symptoms and findings Humans Animals;

rats and marmosets™

Even life-threatening cases recovered with-

“uation, as transport of OP to the brain de-

creases in parallel with the improvement in

the influenza. Symptoms occurred on day 2 .-

to day 3 in some cases.

Significant Very slight None of the surviving animals cases had

differences differénces out sequels except in two instances, butthere  pathological changes. No deaths were ob-

between seem to are many fatalities. There seem to be very served in the 500 mg/kg group while few
fatal and determine slight differences between fatalities and sur-  died in the 700 mg/kg group and most died -

surviving -death or viving cases. Most of the surviving cases re-  in the 1000 mg/kg group. No abnormal find-

cases survival covered within a few days, though delirium  ings were observed except vacuolization in

» and psychiatric symptoms occasionally con-  liver cells of all dead rats and tung oedema

tinued for more than a few months. . in 9 of 18 dead rats

Timing of Symptoms appear at the first dose or onthe In rats before weaning, most deaths oc-

onset of first day of administration in most cases.” cur following the first dose. As animals

reaction Symptoms usually subside even on contin- grow older, BBB function develops and

oseltamivir is prevented to enter into the

* brain by increased efflux transporter function

of BBB. In some mature marmoset cases,
symptoms appeared on day 2 to day 4.

* Two male and two female marmosets which weighed around 400 g'were treated with 2000 mg/kg of oseltamivir-p. Of these

_ four, one exhibited suppressed behaviour, fell asleep, collapsed and died on day 2. The remaining three were sacrificed on day 4
(therefore, all were reported as “dead”). All animals hemorrhaged in the GI tract (erosions, ulcers, hemorrhage and atrophy).
No toxico-kinetic data including Cmax and AUC were available for this experiment. '

These forms of disinhibition or “dyscontrol”- may all be viewed .as different expressions of a broad
spectrum of effects exerted by central nervous system suppressants such as benzodiazepines and barbi-

turates

3.5. Differences from infection-associated encephalopathy mcladmg Reye s syndrome and/or
influenza-associated encephalopathy

Following restrictions on the use of NSAIDs as antipyretics for children in Japan in 2000 [37], the pro-
_portion of NSAIDs users among cases of Reye’s syndrome and/or influenza-associatéd encephalopathy -
- decreased.from about 30% to below 10% and the proportion of case fatalities resulting from influenza-
associated encephalopathy decreased from about 30% to about 10%. Two years (i.¢. two winter seasons)
elapsed during which the proportion of case fatality of influenza-associated encephalopathy decreased,
before the marketing of Tamifiu dry syrup for-children in Japan commenced in September 2002.
“"I'have collected nine papers reporting on 15 animal experiments designed to investigate the effects of
' NSAIDs on mortality in infected animals [19,23,45,46,49,52,71,72;83]. One experiment was excluded
* because proportions of death of both groups were 0; reports on 14 experiments were therefore examined.
Various NSAIDs were tested including ibuprofen, fiurubiprofen, mefenamic acid, indomethacin, salicy-
* lates and so on. Various microorganisms including viruses, bacteria and protozoas were used. Propor-
tions of death from these experiments were meta-analyzed. Peto odds ratio for NSATDs use on proportion
of death in infected animals was 7.54 with 95% confidence interval (CI): 4.50-12.66 (p < 0.0001) and I2
(inconsistency) = 9% (95% CI: 0-52.1%) [36]. Other evidence suggesting NSAIDs as 2 major cause of _
 fatal influenza-associated encephalopathy is to be found in a ¢ase-control study reported in the Japanese
Task Force’s paper “A case control study on factors related to onset and severity of influenza-associated
encephalopathy” [81]. Three children among four fatal cases from influenza-associated encephalopa-
- thy took NSAIDs, while among 84 controls (fiu without encephalopathy) only five (6.0%) had taken .
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NSAIDs. A strong association between NSAID use and fatal 1nﬂuenza—assoc1ated encephalopathy was
thus observed: the crude odds ratio was 47.4 (95% CI, 3. 29-1458, p = 0.0019) [36], though the task
force reported that the study could not demonstrate any definite relation of NSAIDs to the occurrence of
influenza-associated encephalopathy. The odds ratio for paracetamol was not significant (OR 2.25; 95%
CI; 0.19-58.6) [ 74].
. The clinical course of sudden death and accidental death from abnormal behaviour after taking Tam-
ifiu is very- different from that seen in Reye’s syndrome or influenza-associated encephalopathy. It is
reported that the latter usually continue for less than two or three days until proving fatal [85], but they
run for at least a half day or one day even in the most severe cases. However, in the Tamiflu cases, an
infant may stay well for the first few hours after taking a single dose of the drug, but soon later he or she
may deteriorate suddenly and stop breathing within ten minutes. This is one of the most important dif-
ferences between the previously so-called “influenza-associated encephalopathy” or “infection-related
encephalopathy” and this newer complication.

This new type of encephalopathy among infants was first found in the wmter of 2002/2003 just after
the miarketing of Tamiflu dry syrup for children had started. However a similar adult case of sudden
" ‘death had been already reported: in March 2001 [MHLWBO01-529], just after the Tamiflu capsule was
marketed in February 2nd 2001 in Japan. A man in his sixties who had usually been healthy developed a
39°C fever; he was suspected of having flu and was treated with Tamiflu 75 mg b.i.d. Several hours after
taking the second dose of Tamifiu he got worse and consulted another hospital. Although his condition
.~ was not deemed so serious as to merit urgent treatment, hé suddenly went into arrést immediately after

- arriving at a further hospital and died about two hours later from multi-organ failure.

In Case 5, the patient was treated with NSAIDs (dipyrone and naproxen). These might have influenced

‘the development of myocardiopathy by enhancing the induction of cytokines in viral infection [57]. The
“fatal course may however be too short for acute left ventricular failure to be established without the
. contribution of lung oedema caused by Tamiflu. :
Times of onset of most sudden deaths and of neuropsychiatric symptoms [25] are very similar. These
- facts also suggest that the majority of sudden deaths and neuropsychiatric symptoms after taking Tam-
iflu are different from the pattern -observed with infection-associated encephalopathy including Reye’s
-syndrome and/or influenza-associated encephalopathy :

3.6.. Non-Tamiﬂu-_related sudden death and'setzure-mducirjig drzggs

_ It *has been claimed that sudden death could occur due to influenza itself. However, in spite of a
thorough search, I have never seen any report of sudden death caused by influenza. Sudden deaths that
- are believed to be caused by infiuenza are actually induced by the drugs used to treat it. Six child cases of
_sudden death were observed ‘during the 2002/03 winter season [84]. All of these cases ‘were found dead
during sleep; three died during daytime naps and the other three. at ‘night. Altliough four of them took
~ only a single dose of Tamiflu and an 8-year-old boy took amantadine, one boy aged a year and seven
~ months had according to the original reported taken no drug {84]. This “non-drug” cas¢ is sometimes
referred as an example of sudden death caused by influenza. However, it was found later that the boy
had in fact been given theophylline [99]. The cause of the sudden death of this infant was thus probably
. either cardiac arrhythmia and/or hypoxia due to a seizure caused by theophyllme

Seizure is a well documented dose-related toxic reaction to some drugs including both amantadine and
theophylline [7,24]. In experiments with a pentylenetetrazol convulsion model, it has been found that
amantadine in a dose of 25 mg/kg and particularly in a dose of 100 mg/kg potentiates convulsive seizures
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[58]. In an electroshock test, amantadine decreased the convulsive threshold {52]. As to theophylhne
interferon reduces the drug’s clearance and increases its elimination half-life in human subjects [95].
The concentration of theophylline thus increases when one has influenza especially with high fever.

In the case of a one-year-and-seven-month-old boy, when an ambulance doctor arrived and saw him
within a few hours after death, the doctor found rigor mortis already in his body [99]. It is also well
documented that if one has experienced a seizure and/or high fever just before death, rigor mortis tends .
to appear earlier than usual. Eviderice suggesting that this boy may well have experienced a seizure-prior
to death is the fact that his twin brother, who also had influenza during theophylline treatment for his
asthma, experienced a seizurée one hour after the mother noticed his brother’s death [99]. .

I believe that sudden death during sleep occurs only in those patients treated with oseltamivir, other
central nervous. suppressants, seizure-inducing drugs including theophylline and hypoglycemlc drugs
and/or proarrhythmic drugs

3.7 Fever de[iritgm and Tamiflu delirium

Delirium or psychiosis is not a rare compllcatlon of infection [72] and it has been claimed by somé
specialists in pediatrics that delirium after Tamiflu treatment may in fact be fever delirium [86]. There
are however many reported cases in which delirium or hallucination after taking Tamifiu occurred at low
body temperatures: for example, as low as 34-35°C. -

In order to analyze the relationship between body temperature and abnormal behav10ur, I analyzed
two groups of suspected delirium cases, namely cases with no drug history and Tamiflu-treated cases -
collected from phone-calls/e-mails and from the Internet. 67 delirious cases were collected in total, 15

non-drug cases and 52 Tamiflu-treated cases including 35 phone-calls/e-mail cases. Information about
body temperature-wis available for 12 non-drug cases and 35 oseltamivir cases. The differences between
fever delirium and abnormal behaviour after Tamiflu treatment are summarized in the Table 4(A). 80%
of instances of delirium or abnormal behaviour occurred in the absence of fever or after the temperature
had started to fall after taking Tamiflu, while only one among 12 non-drug cases occurred in the absence
‘of fever (Odds ratio = 44.0; 95% CIL: 4.37-1081.12, p = 0.000018). '

To perform another comparison, I searched PubMed and “Japonica Centra Revuo Medicina” (a data-
base of Japanese medical journals) using the key words “fever” and “dehnum and found four ‘pa-
pers [48,72,73,88] in which the temperature of patients with delirium was described. All papers were

] Table 4
Companson of temperature during delirinm (with Tam1ﬂu untreated or published cases of apparent fever defirium in the
literatures) ) _ )

Treated - (A) B)
* with Tamifiu No drug Published
L ) treatment cases of fever delirfum
Delirium in absence of fever 28 (80%) 1*@8% - . 81 (37.0%)
Delirium with high fever 7(20%) 11 (92%) 138 (63.0%)
Odds ratio of delirium occurring without 440 (4.37-1081) - 6.81.(2.68—18.02)
fever on Tamiflu treatment as compared ' p = 0.000018 - .p = 0.0000018

with controls (95% confidence interval®
and p value®) :

2 One case wnh only nasal symptoms before fever developed. ® Cornfield 95% confidence limits for OR using Bpilnfo Ver-
sion 3-3-2. © Fisher’s exact test 2-tailed p-value using Epilnfo Version 3-3-2.
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from Japan and reported a total of 226 fever delirium cases among which temperatures were -known in
219 cases. Although authors did not state whether NSAIDs antipyretics and antihistamines were used
or not, there is no doubt that many of these patients were treated with them. However, the proportion
of patients with a body temperature fower than 39.0°C during fever delirium was only 37.0% (81/219)
which is far less than the 80% (28/35) in patients with delirium treated with Tamiflu. Odds ratio was
6.81 (95% CI: 2.68-18.02, p = 0.0000018 Table 4(B)). Only 10.9% of fever delirium patients reported
in papers (24/219) had temperatures below 38.0°C.

3.8. Brain/lung oedema and hypoxia

(1) The drug in the brain and its elimination by efflux transporters in the blood—brain barrier.
Drugs acting on the central nervous system (CNS) have to cross the blood-brain barrier (BBB) or the .
blood-cerebrospinal fluid barrier. Recent studies have shown that this is not only a static anatomical bar-
rier but also a dynamic one in which effiux transporters play a role [4,7,87] on-the apical cell membrane
of brain capillary endothelial celis adjacent to the blood lumen.
~ The fact that oseltamivir levels with a Cmax 64 times higher are found in the brain of 7-day-old
-rats compared with 42- day-old rats {15] indicates that the drug might not be easily eliminated from the-
endothelial cells by the immature efflux transporters.
(2) Increase of intra-cranial pressure. o
There are several reasons to conclude that Tamlﬂu increases intra-cranial pressure, For. example,
‘5-month-old male infant who was treated with Tamiflu for prevention of. influenza vomited.one and a
half hours after receiving the drug and his -mother noticed his fontanelle was bulging [26]. After the A
second dose of Tamiflu in the next evening, he did not vomit but his fontanelle bulged again. His mother
- described how “the large fontanelle bulged one or two hours after administration: of oseltamivir in the
évening and returned to the usual size by the next morning”. She said that this phenomenon was repeat-
edly observed throughout the treatment period of eight days [26]. This is one of the firm pointers to an-
‘increase in intra-cranial pressure induced by oseltamivir itself, since the infant did not have mﬂuenza
and at this age the BBB might not yet have matured. _
_ In a randomized controlled trial of Tamiflu for the prevention of adult influenza, headache nausea and
_ vomiting were complained of s:gmﬁcantly more often in the Tamiftu group than in the placebo group
[15]. The Number Needed to Harm (NNH) for inducing headache, nausea and vomiting was 25, 24 and
55 respectlveiy This again suggests that Tamiflu increases intra-cranial pressure.
" In a randomized controlled trial of Tamiflu for treatment of influeniza in children, vomiting only on
- day 1 was observed significantly more often in the Tamiflu group than the placebo group (odds ratio 3.4:
 95% C) 1.9-6.1) [14]. NNH for inducing vomiting on day 1 was 15, while the odds ratio for vomiting on
day 2 or later was 0.8 (95% CI: 0.47—1.4). This once more suggests that Tamiﬂu increases mtra:—cramal
pressure only on day 1 when used to treat influenza. :
(3) Brain oedema and aquaporins. :
- Recent studies have shown that aquaporins (AQPs) play an important role in the induction and res-
" olution of cedema in various organs and tissues [5,45,51,54,60,75] including brain [54,45,75] and
lungs [5,54,75]. AQP4 is upregulated in response to cerebral oedema induced by various agents or fac-
tors [54,75]. AQP4-mediated transcellular water movemerit is crucial not only for the development of
brain oedema after intoxication and ischaemic stroke, but also for fluid clearance in vasogenic brain

oedema [54].
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(4) Lung oedema and aquaporms

Epithelial Nat channel (ENaC), Nat/K*-ATPase pumps, and several : aquaporin water chanrels are

“the best described molecular transporters in the lung when pathological conditions Iead to the develop-
ment of pulmonary oedema. Lung oedema results from the impairment of alveolar cells and/or capillary
endothelial cells, both of which actively transport fluids from the alveolar space to the blood vessels. In

~ acute lung injury (ALD), especially in severe sepsis (systemic inflammatory response by infection), an
inflammatory process damages the capillary endothelium rather than the alveolar epithelium, resulting -
in high permeability of the lung capillaries to fluid, which leads to clinical pulmonary oedema. In con-

- trast to the endothelium, the alveolar epithelium is often spared in ALIL, and the rate of alveolar fiuid
clearance (AFC) in ALI can therefore be maintained and perhaps even increased [102].

(5) Lung oedema, brain oedema and hypoxia.

“Although the role of Tamiflu in the development of lung cedema in two of the autopsied cases is not
completely clarified, it is at least possible that severe hypoxia induced by the respiratory suppressive
action of oseltamivir might have contributed to the induction of lung oedema just prior to respiratory
arrest in both cases. The difference between dead and surviving humans and animals is very impressive,
although intermediate cases also occur [63,64]: fatal cases exhibited severe and frequent lung oedema
both in animals and human subjects, while complete recovery was observed in surviving animals and
most of the human cases. In the present clinical series for example, fatal Cases 4 and 5 had severe
lung oedema, while Case 6 and case #5769078 reported by the FDA compleiely recovered without
sequels {26]. There are many such cases in the published data [63,64] (Table 2).

There are some intermediate cases in one of which a boy died after serious hypoxic brain damage with
transient lung oedema just after he had been resuscitated. Another boy had very sevete sequels following
‘the occurrence of temporary lung oedema just after he had been resuscitated.

. Lung oedema following severe hypoxia is frequently observed in various diséases such as acute as-
phyxia [6], sleep apnoea syndrome [11;12,10,28,98], and high-altitude disease [2,41,42,94], but also
immediately after extubation [47], and under the influence of drugs including sedatives [64,76] and

“others [19,83]. When severe hypoxia results from high-altitude disease, brain oedema is observed in
addition to lung oedema [41], and has often resulted in death [41]. High-altitude pulmonary oedema
(HAPE) is the most common cause of death from exposure to high altitudes [1,41]. . .

 Hypoxia downregulates the synthesis and activity of both ENaC and Na*/K*t-ATPase time- and
concentratxon-dependently in cultured (alveolar epithelial cells [20, 76] Intcrestmgly, this effect is com-

" pletely reversed after reoxygenatlon [20,76]. . '

AQP-mdependent water transport, involving either alternative transcellular water channels or paracel-

lular pathways, plays a major role in Alveolar Fluid Cledrance [91].

3.9. Sequels and delayed neuronal cell damage following cardiac arrest

Case 7 and MHLW'’s two cases (B04026215 and B05005388) had sequels or hypoxic multi-organ
failure after cardiopulmonary arrest and resuscitation. Though it is not known whether oseltamivir causes
" this type of sequels, I believe that the clinical courses of these three cases aré compatible with that of
. the neurologlcal sequels following global ischemia 3,22 55] However various other disorders such as
_acute disseminated encephalomyelitis (ADEM) [23,31], Rett syndrome [71, 93] and vanous causes of
apparent life threatening events (ALTE) in infants [61] should be differentiated as a cause.

~ A wide spectrum of neurological sequels may follow global ischemia, ranging from brain death, veg-
etative states, and impairment of higher intellectual function to syndromes characterized by amnesia and
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cortical blindness, post-anoxic myoclonus, delayed levkoencephalopathy, and spinal stroke {31 including
paraplegia [22] ot lower-limb paralysis [55].

129 patients underwent surgical repair of thoracoabdominal aneurysms, with an overall 30-day mor-
tality rate of 35% [22]. Spinal cord ischemia occurred in 25 cases (21%) of 116 who survived operation.
_ Partial ischaemia occurred in six cases (25%), and complete paraplegia occurred in the remainder [22].

Animals experiencing 12 minutes of -hemorrhagic shock followed by 5 minutes of cardiac arrest
showed severe neuronal damage in the Cornu Ammonis field CA1 region of the hippocampus, severe
hind-limb paralysis and neuronal damage in the lumbar spinal cord 6 hours to 7 days after resuscita-
tion [55]. In view of the results of this experiment, it was suggested that hind-limb paralysis after global
ischemia might result from spinal cord damage. :

Loss of intellectual ability including speech and behaviour, minimal atrophic change in the right hip-
pocampus and minimal development in the sylvian fissure, suspected in the light of MRI findings in
the present Case 7 are compatible with damage in the hippocampal area. The account of this patient’s
crawlmg movement (“dragging her legs”) some days after the event is compatible with paraplegia or
- hind-limb palsy after global ischemia. Thus it is reasonable to suppose that this girl may have suffered

deldyed neuronal cell damage in the central nervous system, especially in the hippocampal area and in
the lumbar spinal cord, due to global ischemia after cardiopulmonary arrest caused by the oseltamivir-
_mduced inhibition of respiratory function. The very slight worsening observed after the mother first
. noticed her behavioural and mental abnormalities may well rule out the possibility of acute dissemi- -
- nated encephalomyelitis (ADEM) since in that condition a monophasic peak of symptom worsening is
‘more usually observed [23,31]. The very slight changes found on the MRI 31m11arly seem incompatible
with that condition.

- More recently, this girl has shown some gradual development, which means that her development
retardation is not progressive. Absence of stereotypic hand movements alse argues against the presence
of Rett syndrome [93]. In the present case, the abnormality occurred abruptly after the event. Retardation
of an infant with Rett syndrome starts after apparently normal development for more than 6 months, but
not so. abruptly [71] as in her case. Her breathing disturbance appeared shortly after she took Tamiflu.
She has never shown breathing disturbances while awake except during the acute event. These are other
reasons why a diagnosis of Rett syndrome seems inappropriate in her case.

Seizure, gastro-oesophageal reflux disease (GORD), respiratory syncytial virus (RSV) mfectlon per-
tussis, or other lower and upper respiratory tract infections (LRTI and URTI), aspiration pneumonia,
asthma and other causes including ear, nose and throat.problems, cardiac problems including cardiac
. arrhythmia or QT prolongation, inborn metabolic disorders were listed as causes-of hypoxiain a review

by McGovern [61] Ingestlon of drugs or toxins was reported in eleven patients (1.5% of all diagnoses
in that paper). -

Seizure may not have been a primary cause of the hypoxia seen in Case Nr. 7 but could have been
-secondary to hypoxia due to respiratory suppression. She had no gastro- oesophageal reflux and was

not so severely infected as one would expect with RSV. infection or pertussis. Patients whose causes of
life-threatening events are suspected to be LRTI, URTI or other forms of infection may be treated with
various medicines. In such cases, the possibility that these medicines themselves have induced the life-
threatening event cannot be ruled out, Patient Nr. 7 did not ‘aspirate and had no asthma. Her QT interval
was 0.397 s and she has never had syncope suggesting Adams-stokes syndrome elther before orafter the
. event. She has never been suspected to have any inborn metabolic disorder.
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3.10. Delayed reactions and irhibition of hurdn sialidase (héurariinidase) by OCB

Li et al. [59] reported that they identified a nonsynonymous SNP (single nucleotide polymorphism)
in dbSNP database, R41Q), near the enzymatic active site of human cytosolic sialidase HSNEU2, a ho-
mologue of the virus neuraminidase that is the target of OCB. This SNP could increase the unintended -
binding affinity of human sialidase to OCB, thus reducing sialidase activity. Theoretically administration
-of oseltamivir to people with this SNP (present in 9.29% of Asian populations but absent in European
and African American subjects) might further reduce their sialidase activity and these authors suggest
‘that this Asian-enriched sialidase variation caused by the SNP, probably in homozygous form, may be
associated with certain severe adverse reactions to oseltamivir [59].

In the CAl region of hippocampal sections, OCB facilitated neuronal firing, without involv-
ing GABAergic disinhibition, and OCB produced further facilitation following administration of
ethanol [46]. From these findings, the authors indicated that oseltamivir has an effect on the central
nervous system, especially when combined with other agents such as ethanol.

~ Neither of the two papers cited above [46,59] refers to sudden deaths during sleep as a major com-
ponent of the adverse reaction profile of Tamiflu to which the central inhibitory effect of unchanged os-
eltamivir probably contributes. However, reduction of human cytosolic sialidase activity by OCB might
be a possible mechanism involved in delayed type adverse reactions to Tamiflu iriciuding not only neu-
ropsychiatric reactions but also hyperglycemia, pneumonia, exacerbation of 1nfect10n renal and hepatlc

" disorders, GI tract hemorrhage and others [63,64]. '

In mammalian cells, four types of sialidase have been identified. They are cIassﬂied accordmg to
their major intracellular localization as intralysosomal sialidase (NEU1), cytosolic sialidase (NEU2),
and plasma membrane-associated sialidases (NEU3) and mitochondrial sialidase (NEU4) [96,97].

* Hepatic NEU3 may be associated with sensitivity to insulin and to glucose tolerance through modifica-
tion of ganglioside composition and peroxisome proliferator-activated receptor gamma signaling [101].
Introducing a revi'ew on sialidase and cancer [66], the authors make the following general point:

‘Sialic acids are generally found in the terminal position of the carbohydrate groups of glycolipids and
glycoproteins. They have been proposed to play important roles in various biological processes by in-

. fluencing conformation of glycoproteins, recognizing and masking blologlcal sites of the molecules
and cells. The removal of the sialic acids catalyzed by sialidase is an initial step in the degradation

~of glycoproteins and gangliosides. Sialidases of mammalian orlgln therefore, have been implicated
not only in.lysosomal catabolism but also in regulation of functional molecules involved in many bi-
ological phenomena [62,73] through modulating smloglycocon_]ugates In fact, the lines of evidence -

* for their involvement in cellular évents including cell differentiation, cell growth, and apop‘t_bsis have
_been accumulated. Alterations in sialylation during malignant transformation have been observed to
be closely associated with malignant phenotype in terms of metastatic potential and invasiveness, al- -
though no definite conclusion between sialic acid contents and mahgnant propemes could be drawn
because of some controvers1al experimental results. : -

- Sialidase is also involved in a wide variety of other physiological processes, including immune func-
tions [82,89,92] such as ‘helper T cell, rieutrophil, cytokines and so on [92]. It might be involved in
the late onset pneumonia, and in the aggravation of infection leading to sepsis with multiorgan failure
‘including precipitation-of a disseminated intravascular coagulation syndrome (DIC).

Long term impairment of Immune function may increase the susceptibility to cancer development.
The pharmaceutical company concerned has reported on two long term carcinogenesis studies, cited in
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the new drug approval package (NAP) of oseltamivir capsules for preventative use-[15]: they.comprise
two-year studies in mice and in rats.

In the two-year mouse carcinogenesis study, the proportion of deaths and of liver cell tumours, both
seen in male mice, significantly increased in a dose-dependent manner, although the pharmaceutical
company denied that there was a causal relationship. The “safe” level was 125 mg/kg, which is only 6
times higher than the human therapeutic dose level (calculated on the basis of the AUC of OCB) and this
may explain the chronic toxicity observed in the animals. :

In the two-year carcinogenesis study of Tamiflu in rats (75 males and 75 females for each dose level:
0 mg/kg, 0 mg/kg, 50 mg/kg, 150 mg/kg, 500 mg/kg), the proportion of animals developing lymphoma
(male: numbers are 0, 1, 1, 1, 3 respectively), epithelial tumor of the thymus (female: 0, 1, 1, 2, 3),
angioma (male: 2,.1, 1, 3, 5) was significantly increased in a dose dependent manner, although the
pharmaceutical company denied that there was causality. A completely safe dose derived from the rat
carcinogenesis study may be 50 mg/kg which is only 1.6 times higher than the clinical dose level for
treatment based on the AUC of OCB. The intermediate level is about 5.8 times higher.

. There is only one reported case of acute hemorrhagic colitis induced by Tamiflu but in that mstance
an allergic mechanism was involved [100] However, among the 80 fatal cases now known, bleeding
episodes were described in eight, including one case without severe infection, sepsis or multiorgan fail-
ure (see Section 2.5). :

PIasmmogen binds neuraminidase and is -activated to form plasmin. Neuraminidase is therefore a
plasminogen receptor and its plasminogen-binding activity determines the pathogenicity of the WSN
virus (a mouse-adapted human isolate A/WSN/33 (WSN), a neurovirulent influenza virus, Stram that
causes systemic infection when inoculated intranasally into mice) [30].

One certainly cannot exclude the possibility that activation of normal human plasminogen by hu-
man neulaminidase (sialidase) might be inhibited by OCB, in which case normal fibrinolysis might be
affected, resulting in'abnormal coagulopathy including DIC. ' '

3.11 Limitations of postmortem measurement of oseltamivir and OCB level

- One problem encountered in current work is the limited sensitivity of the methods most commonly
used to.detect the relevant substances in the system. On July 3rd 2006, for example a 14-year-old boy
died from an accident resulting from abnormal behaviour after taking Tamiflu; the case was reported by -
‘the media on July 4th 2006. In the course of the autopsy required by law the concentration of oseltamnivir
and OCB in the brain and in the plasma was measured by an HPLC-UV method which can measure
100 ng/g or more of oseltamivir and QCB as reported by Fuke et al. [30]. The concentration of OCB in
the femoral blood was 400 ng/ml. The highest concentration in all specimens was in the liver at 18300
. ng/g. In all the brain samples taken, however, the concentrations did not attain the minimum detection
level of the method. It may be noted in this connection that-the average Cmax after administering one

- capsule of Tamiflu (75 mg) to a healthy volunteer is 60 ng/m! which is well below the level detectable

with the method used by Fuke (100 ng/g). Moreover, oseltamivir is rapidly hydrolyzed in the circulation.
In plasma samples taken from rats and mice the half life of oseltamivir was found to be only 20~60 min.
In human postmortem blood, the half life may be longer than.in that of rats or mice, but oseltamivir may
be almost completély changed into OCB in human postmortem blood and tissues within 24 h, Therefore,
Fuke et al. would hardly detect unchanged oseltamivir in the postmortem tissues and plasma, even if they
used more sensitive methods as HPLC/MS/MS (quantification limit is about 1 ng/g). Causality in a case
such as the above cannot readily be excluded unless the latter methods are available.
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3.12. Methods of assessment for adverse reactions

‘Where a causal relationship between a drug and an adverse event cannot be excluded, the latter should,

according to the definition adopted by the International Conference on Harmonization, be referred to as
“adverse reaction” [43].

Only a short period has so far elapsed since oseltamivir (Tamiflu) was first marketed in Japan and
elsewhere. Initially, sudden death and death resulting from abnormal behaviour were not recognized as
occurring specifically in those treated with Tamiflu. Today, no-one can realistically deny that there is a
causal relationship. These “events” should therefore now be classified as “adverse reactions” even if the
causal relationship still requires further elucidation. It may be noted that the classifications of possible
adverse reactions as “rather negative” or “unlikely”, that the MHLW employs in Japan are not equivalent
to “completely excluded™; they leave open the possibility that there, may be a causal relationship, even
though MHLW uses them to throw doubt on causality.

When many similar reports of supposed adverse events are collected, the causality of these events
should not only be-individually assessed; there should also be a collective analysis. Individual reports
should'be compared with others, and their similarities and differences should be discussed. In addition,
the spectrum of clinical events should be compared with the specfrum of symptoms observed in animal
‘toxicity studies. To date, however, MHLW and its scientific advisory panel have analyzed such events -
only individually and have practically-denied that there are causal relationships. Nor have FDA, MHLW
and their advisory panels discussed the similarity of symiptoms in human and in animals both dead and
‘'surviving, despite the very close similarity between the symptoms observed in humans and in animals,
.as discussed in this paper. However, in view of the criticism advanced by the victims and the mass
media after the occurrence of a series of fatal accidents, MHLW has decided that causahty will now be
reassessed. »

One must stress that sudden deaths, occurrmg W1thm 10 min in a hitherto normal child, have never .
been reported in cases of influenza-associated- encephalopathy or Reye’s syndrome except following the
use of seizure-inducing drugs. In most persons with abnormal behaviour, the body temperatures during
the delirious phase were much lower in those with fever delirium.

The causal I'ClatIOI’lShIp between Tamiflu and death (sudden death during sleep and- accidental death
after abrormal behaviour) thus seems to be very strong. Delayed types of adverse events such as delayed
onset or prolonged neuropsychiatric symptoms which begin even after full dose of Tamifiu and last
for a week or more even for months, pneumonia after the end of taking Tamiflu, bleeding disorders,
‘hyperglycemia, renal disorders and so on may be related to Tamiflu and more especially to OCB.

If one takes these facts into account it would seem that, even if in cases of sudden death and/or
-abnormal behaviour or delayed reactions there are confounding factors such as comphcauons, treatment
with other medicines and high fever, the causal re'lations_hip' with Tamiflu should not be seriouéiy doubted
so long as the patient is known to have taken Tamiflu before the onset-of the symptoms.

3.13. What this paper adds to earlier reports

This paper is built primarily around a case series of eight patients, based on their medical records and
history taking from bereaved families. However, in most of the cases of sudden or accidental death, the
doctors concerned arrived at their diagnoses only by taking the history from the families.

-The strength of the present paper li€s in the inclusion of cases manifesting a variety of clinical courses
and a variety of causes: three are sudden deaths, two are deaths after abnormal behaviour, two are near

48



R. Hama / Fatal neuropsychiatric adverse reactions to oseltamivir 31

fatal cases with or without sequels and one a case of a late onset neuropsychiatric disorder that Iasted two
weeks. The evidence relating to these cases is augmented by the disclosure by MHLW of the relevant
adverse reaction reports that the pharmaceutical company in question had submitted to the authorities
(i.e. MHLW). In addition, brief results of animal toxicity tests conducted by Roche were made available
(in Japanese: TK data were corrected very recently by the manufacturer at the meeting of the MHI.W’s
scientific panel [17]). :

This paper adds the following three major points to earlier reports: this is the first original paper pre-
senting a case series of fatal or near fatal adverse reactions to Tamiflu; it is also the first paper overview-
ing the full spectrum of adverse reactions to Tamiflu, and the first paper discussing the causality and
underlying mechanisms of the full spectrum of reactions to Tamifiu. It is true that some evidence of
these matters has been published earlier: Shiomi briefly described four such cases but presented them
only as “adverse events”, not recognized as adverse reactions to Tamiflu [84]; two fatal cases of abnormal
behaviour and one of sudden death were reported earlier by myself at a scientific meeting [35]; 71 other
cases have been listed on the Internet [63,64], and several fatal cases have been personally collected.
However, this is the first original paper dealing comprehensively with these matters and exammmg data
both from animals and from man.

3.14. Possible further studies to conﬁrm'causaliiy and provide further elucidation

The number of patients suffering adverse reactions to Tamiflu may be substantial; the fact that 5 fatal
cases were observed in Osaka alone in one season could mean that some 50-60 fatalities per year might
~ occur nationally in Japan, These adverse reactions are important and serious, and the association between

such grave but rare reactions and the drug should be investigated epidemiologically, e.g. using a case-
control study. In the past, no such case-control study could be carried out; it was very difficult to select
matched controls, because most people in Japan who consulted physicians for flu or flu-like symptoms
-were immediately treated with Tamiflu. However, Tamiflu is not necessary for the treatment of seasonal
flu; this view is accepted in Europe, but not in Japan. However, in March 2007 the Japanese authorities
advised against prescribing Tamiflu to adolescents aged 10-19 years. If therefore oseltamivir is indeed
to. be used for seasonal flu during a coming winter in Japan, a case-control study could be carried out
since a substantial number of people might not use Tamlﬂu knowing its harmful effects, while others
would still use it. This may be one of the best methods to assess the association further, though serious
reporting bias would be confounded because of the legal threats.

Another piece of evidence that could confirm the causal relationship’ between sudden death and the
use of Tamiflu couid well be obtained by- performing animal infection-toxicity studies: In those studies,
the proportion of oseltamivir concentrations in the brain to plasma would be very high in the animals
infected with an influenza. virus or similar agent or treated with lipopolysaccharide. Also, if a toxicity
study using infected anirnals is conducted, the ratio of concentration in the brain of an infected animal
to that of a non-infected animal would be very high, comparable to the dxfferences in concentration
observed in infant rats before weaning as compared with mature rats.

4. Conclusion

1. It can be concluded that oseltamivir has central nervous system suppressive action resembling that
of hypnotics, sedatives and anesthetics. Signs and symptoms and histo-pathological findings in
animal studies with doses 10-20 tzmes higher than those used clinically (calculated on an AUC

49



32 - ' R. Hama / Fatal neuropsychiatric adverse redctiohs 16 oseltamivir

temperature, decreased movements and slowllrregular breathing.

2. In addition, delirium, abnormal behaviour, hallucinations and even suicide could be included in
those symptoms, as resulting from the disinhibitory effects of central nervous system depressants,
including oseltamivir, leading to loss of control.

3. One can therefore conclude that sudden onset type of reactions such as sudden death and death from . .

~ accidents due to abnormal behaviour in older children and adolescents, especially when observed
- - shortly after taking the first dose of Tamiflu, are probably related to its use.
4. Dyspnoea with cyanosis followed by seizure and cardiopulmonary arrest after taking Tamiflu with
~ or without sequels may be related to the drug. Severe sequels may be a consequence of delayed
_neuronal cell damage after cardiopulmonary arrest due to the acute toxicity of oseltamivir.
5. Delayed/prolonged type of adverse reactions, which usually begin after an almost complete course
of Tamiflu, are probably related to the inhibition of human sialidase (neuraminidase) by OCB.
“They include neuropsychiatric symptoms of delayed onset (which often last a week or more and
'may be exacerbated in the absence of any evident secondary trigger), peumonia, exacerbation
- . of infection (frequently leading to sepsis with multi-organ faIIure and death), bleedmg disorders,

hyperglycaemia and renal disorders.
6. Even where in cases of sudden déath and/or abnormal behaviour there are confoundlng factors such

- as treatment with other medicines or high fever, it would be unwise to exclude a causal relationship
with Tamiflu where this is known to have been taken before the onset of the symptoms.

Cases 1-3 in this paper were presented at a session of the Japanese Society for Pediatric Infectious
Diseases in Tsu, ‘Mie Prefecture, November 12th 2005. :

. After the submission of this paper, the families of two addltlonal cases rnade their medical charts,
autopsy records available to me for investigation by the end of 2007: A 44-year—old man died during sleep
with severe pulmonary oedema at autopsy and a 29-year-old woman died with low body temperature -
(34°C) with severe cyanosis and collapse followed by seizure with pulmonary oedema at autopsy [40].

"MHLW also added two adult death cases: both from exacerbation of infection [65]. After the submission
“of this paper, three investigators [18,68,74] found equivocally that P-glycoprotein is the efﬂux transporter
of oseItamlwr at the BBB. : .
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I RANRREITINRSA Loy SREREBRENAMETIC 24 (29 —Xv
DAY DB LTV, -
T BREMIORET IS NSAIDs DEEE TE 7 EER AN LTs & A9
nmajc 15 EERAINEE T 72 [21, 25, 49, 50, 43, 56, 78,79, 901 ([19, 23, 45, 46, 49, 52, 71,

72, 831 FFREME) . 1 DO EBRIITIREE & NSAIDs BEDFBTE N & bIT 0 THo=DTHA L,

14. BRI DUV THRAT Lo 584 D NSAIDs BV BN TWe e & 2idA T a7 =,
TUETUT =y ATz F A AV EAZYY FYFABRERETHD, HE
WAL, UANVR, fE, FRAFE2OLOBHEVLRTWEE, ZHDOERD

FTERIT OV T A Z IR &2 Fii Uiz, BB OFETEIGICAT S NSAIDs {fm@.

. Peto A v Rl 7.54. 95%EMEER (CI) 4L, 4. 50-12.66 (p<0.0001) ‘C%'O
(inconsistency) =9% (95%CI : 0-52.1%) Tdh-7=136] .
ZDIEh, NSAIDs 234 ¥ I A FHEMEOFERER THL 2 L E2RET 5T
TR, BEEPEE T4 VT N RS B O SEER LU EREEICE T AE
HER DI DDr—A « =2 hu—VBgE) [BLIOFICRHTZ LRTES, 4 ADMK

FEFE R 3 AR NSAIDs ZHFI LCUVERs, SR (f LT s PR LA

DM THE 84 A5 A (6.0%) LA NSAIDs & LT\ edols, Lo

T, NSAIDs DAER & A 7 =  VERERMAEFE T A & ORICIL. SRV BIEIRRY b
L TWB, Tihebb, ATy Xt 47.4 (95%CT : 3. 29-1458, p=0.0019) [36], =L
ESEBIFTHEL, NSAIDs & A > 7 V=V EIEMRAE & OFICHERZBEEIIRD bz
Mol bBELE, TR 7=V B LT, 4y XHTFETRd -k (F
o RHIE 2. 25, 95%CI : 0.19-58.6) [36 - (CCHR 74 i3RAE) 1. |

& I 7 VIRRBOERFELRETHROFLHOBREBIL, 7 ERES 1
TN PRRERE) OBRFEBLITELIRR> TS, HBE T, BEPL 2~
3BETOR/BTETILES L SN[85], HREEFITHRUETERLD 1 BLIER
L D, AR, FITMCEDIERE, BEAO IR ZBRAKRELHO2 ~ 3K
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ﬁummﬂ&%&wiokﬁx1%>loﬁﬂﬁm% EMLT%%W&LE<ﬁ5
TOEVE. THETOWDWDS (47l FiiE] H AW [EYEENE]
EVDITUVFEEE, AMED X ) 2HRE L DR LBEEDREND—2ThH D,

PRICELDZZ 0L 9 RFEORMER. S1EADFITANRETAva y TORRHN
B A M- B D 2002/2008 DL DI —X U ZHHT (OrEkl) R Eh-(85],

FLT, REEORABIR, BATH I 7AL S EANKTEREE 2o/ 2001 £ 2 A

2 BHOERD 2001 4F 3 BICEBE SN TWAEEE B01-520l, 60 HfAD5HEAR
BN 30.0COHRMNHY, SR LA VTN TFDRNTH I TN
75mgl B 2EDAE 21T, 2EEBEOF I 7 VERB U TEREE, REENELL
T leHBIORRE S Lir, I OBOIMSCALET S L 5 RRETII R o7,
TR BIZE & Bz OB R L 2ﬁ%ﬁ_yﬁ#TéTEtbto

FEB) 5 Tk, NSAIDs (RAED Y EFFuiel) BMMERSRTNS, Thbn
NSAIDs 23U A VAT IT BYA b A L FELTERT D2 LI 0 UHEDRE
TEICHEB U REEERH Y 5 B[67], L Lakb, & I 70l L 2HAKEDR S
uh(%tk%é&k@#ﬁkif)Q%E@Témmﬁfé ZRHEDICHERR
EBIEDHRTHAED,

%%ﬁ&%@&@%@@ﬁrﬁmmﬁﬁéﬁ%mtmfw FEIZLLEPTHS
[25], —DEbh. # 3 7 ABRAROERIECBEERIERO RIS, B EEmE
2T A FERRE, (4 TN U PIE) D RF - B TWAI EEFELTINS,

3.6, FEF I 7/VEREZSIRTE b M S
CZESRIBIIA L TINZ L EDOLDTHELSBLWIEREHSL, LL, +457%

L RBREPLTYH, A 7NV EOLOTCERFEEAE U E OBER., EFIIR

TeZ LB, AVTNZ P TELEERFETH D LEZONIAIL. RiXE0lE
BICAWLNEERNC L 2D THD, 2002/2003 EDED L — X242 6 ADSED
ZESRFENS L S iz [84], 2FIASEERRTICFET LTV e - 3 AIRPEES, 3 A0
RFCh-oTz, 4 ANITTNRENRF I 7»%1@t1%%bfwtoit8ﬁ®%
BT FPUERAL T, 127 HADOBRIOWTESE:, BEERAL

TV, EEELThzlgdl, — o [FESEME) ofiik, LT LiEA YINETHD
‘&féﬂt%%%kbfﬁ%éhfmé L L7aedis, %kxhw%ﬁm%iri.

TAYUEERLTOVIEZ BB LTWAR9], LR TIOBIROFERIIREL
<. 7%74)/LiéTﬁmﬁémmr@Li6&@$mf®twf%é&ﬁﬁé
ns,

r@i\7vv&yy$7ﬁ74)yﬁe\%5@@%%:&%%5&@&@%5
BHERGE LTE<MbTWA[7,24, RUF VU7 b IV —MEBET VE AW
EBRT, T ¥Vl 25melkg DREN D, 5 100mgkg ORHR TIRE 21454
L8], BEya v 75X MTRL, Tor¥ OVilR@Es T b, 47 4
DB LTERE, A F—72ai3de hNCTFAT7 4 VDI YT T UREET
éﬁ%%#ﬁ%%ﬁﬁf%bﬂ Lido T, A I Am U FIC R, FRomBDEs

Tix (BRE: : WEMEA & — 7Im/®%%1¢)77/1#ﬁTu Tﬁ74)/
/mm*ﬁﬁutﬁﬁé

1%7#%@%&@%f@ BaETHE LFEAENSE LI-ETIL. FET% 2~
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3 TH I ‘%)75375#91‘9@3 TORREEERRD bz W) [99), b LECE
HICEERLHRN H - LRI, REFEELET LY REICENZ L W 22 b,
E<HENIEEETHB, _0)%7)@[5[‘:511 WEEZA U L, BORFORBD
b9 1 ALREVHEDLEDIZT AT 4V VERALTHTA V7T FICREL.,
BROFECIEBEPRMT Vo I BEBIOEEE X L WO ERENL b H4RIE X
51991,

CEET, BIRF ORI, X I e ORISR, T4 T4 Y ,/%'7’
IUEVDE D REEFEREOER D D NITE RSB EER S ER L BA D
BELDLELD, |

37, BEAELZITARALE

BGERFITE AR IREER S E L D03 Eh i 72 # 2 7)&)3&)%%0)'15:

AMER REAR] THD L ERTZ/NEREMES VW SI86l, LrLidis, #37
N RGBT ARROREE Ul T 34~86CEL W HRERIETHAELT TS,
TIT, FEERETEE BB DV TRET 272010, TAEZE L 250
TN—=TWDNTHNT Lic, T7bbh, BFEHERIRCET AR, A F—F v
FrbRlefEdmr b, 2ERMTERETICRAERE LH (RRIEERR L
ITNEERBCEARLRECABICOVWTHR LE (X I 7ARBAERTWRL
&b, MUIRAPER SN TV EEIE, [ERFEERRET WIARRP2), 67 A
DRAEPIVINETE e, FRPEERABR 15 A, 52 ARF I Z2VERFITH o7

FEEOERPEONTZDRIO D B XN 12 A, # I 7AEREN 35 A

T&oto%ﬁhﬁ&?i?Wﬁ%%Qﬁb§®EwKOwT\ﬁ4t%bto&i
TIVEIRAE DR AT T, SO%DERAL Tk b, HEIVIIMBEABKE > THLEAE
DAL TV, EERFRERAITIIRER LTEAERE L DT 12 )UF 1 AEYT
Hove (ztht 44.0, 95%CI : 4.37-1081.12, p=0.000018). :

R4 HAEHOEEOLE(SST LR, BB SR OIS A 1)

RITN A 8.
iy SEHUER XHAE
| L Mt A
BROGVOEHOBAE 1 28@0%) | 1*a@B%) 81 (37.0%
| FRMROEAR : " 71(20%) 11(92 %) .138  (63.0%)
| 3FEG(A. B) LB I-IB B OAITIE '
| Bs st A gt 9K 44.0 (4.37-1081) | 6.81(2.68-18.02) .

p=0.000018 p=0.0000018

| (OSHSHEEEb Bk p flEkc)

*ar -%.!I‘E’lkf..l'l‘:ﬂ&‘)f_%ﬁ-ﬂua)ﬁﬂ *b: Cornfield (ZkDHA v XM 95%{EFERRR (Epilnfo Version 3-3-2)
#c: Fisher (DB 1Rk S35 (Epilnfo Version 3—-3-2) .

R LA, PubMed %"fever” & ”delirium”, EHEE Web % 24 & T@AE]
PER—U—FLELTREL. FAERE U7r BE OB WO THRE LT AT 4
BRTETXT-[48,72,73,88], TRTEANLOBETHY ., A5 226 ADWDDBHE
FAEFDREEN., FTOHH 219 ATHRESHIFL W, I b ORIXDOEEL
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NSAIDs ZoHE 27 I VAIBER IR TWehE 975%;01/\“( %Et%ﬂ\f:b\m
 BEOEZBINLOEFBER L TN I ERROARY, LALRE S, 390CTK
EDBEDEISIT. WO%(&QH)T%U\C@%Aﬁﬁ\7ﬂﬁ%%hﬁby%
&7 L7 BEITBIT BEIG 80% (28/35) & V1B ARV, A v X ILiT 6.81 (95%CT :
2.68-18.02, p=0.0000018 # 4B) Th o7, TNLOIHE, 38°Caie{ﬁﬂi‘w>o V=)

%@ﬂAﬁﬂm%(%mw)L@%&moto

Ss.ﬁﬁﬁ/ﬁmﬁkﬁmﬁmﬁ

(1) BErPEANREE & K- B8 F T v AR—F — L L BkRE
iR (CNS) \ZfERTA23AIE, mig-MEEFS (BBB) & L<id, mik-FHE

B2 @B A MENRD D, BaEOWIEHER TIE. ZIUTEIZFER - FEH5a/2E5P5

Ti72<, £Z rmm%ﬁmﬁm&mmwm&WLﬁbrwé%ﬁﬁ;%Hé%mb

SUAR—E —PEERBEZBECTVIABHRLOTHB D kmrénrm

M78ﬂ

FEAF I ENAORTERED, 7E#®§/bri4zaﬁ®§/3®64ﬁf&o

T E W EE[SIE, b7 AR —F — BRI A W&wﬁmaowﬁm
@%T&mkm T EERLTNVWS,

(2) EHEREOTLE

 FITANEENERTTELS S L 2T AENN b B, L xIiE 5
PADBWICA TN FOFREOIDIF I 7NARER SR, B Lz,
30 HHBITRBILZ OB IRORRMMBEFE L TV DHDIZERMAVEI26], 2 BE (GREE:

Thbb 2EHE) DX I TAVREEOYFICRA S &I A BT Likdo 225,

COKRMEEELE, BROETHE 1Y I TAERAEED L 1~ 2FM%ICK
. REBEFEL., BHICREL EICRESTWS| DI EThotz, BEICENE, Zo
:E/ RiX 8 ARIOBRAHET - LBVIELHRAL T W [26], coEE

HLIEBA 7N PITRBB LU Q2D o e 2 b ZOEETIE BBB BRRATH

6 Wb, #tw& tW%@%@Liofﬁﬁwrﬁﬁﬁbthk%ﬁ%hTL
T3,
mA®4/7mI/%%%hﬁwt& TND 7 v H MR T, & T VEE
- DEERS LIESR. TBHDOEEN ST AR B L TE o 2 [15], e, BER. EE
A U5 OIS EREE AR (Number Needed to Harm : NNE)iE, ZhEHh 25, 24,
55%%otoi@:k%\&i7»ﬁﬁ%ﬁ&%ﬁﬁb56:&%ﬁ@bfwéo
NBEMBIZLTA VINZ P OIRBEDTZDRZ I TAVEER L7 X bkt
BRBRICBNT, # IR T ERBICHE U CREOEERE 1 A ERITEE
\CEholn Gy Xtk 3.4 : 95%CT:1.9-6.1) [14], E1HmECEBITA NNHIZ 15 Th
o, E7z, 2 BEUBOERDA v XX 0.8 (95%CI : 0.47-1.4) TH-otz, =D

EELRIXY, A TIATTOIREICHAVWERES, E1WRBETZS 7/1/73§E§§W'.

EaEbbl EERLTVA,

@ MEEETITRY
%ﬁ@ﬁ%?ﬁEﬂm«wdkio%ﬁ&wﬂt&ﬁ&@ﬁ%@ﬁﬁk%wéw@
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DRIEB LVOBECT 7 7RI v (AQPs) BEERBEEIXRLTND LOHMANT S

T 515,45,51,54,60,75], AQP4 13fE« OHERCERICL o TA U ABZIBICR

Ji~ L C upregulate X35 [54,75], AQP4 23t 7E LT-#la % B < A DBENL, HEM
BEICHEIHMZEOHBICART R TH LTI 2, LB EMRBICRBITAAKDZ T
F YRS RTH 5154,

4) fiAREET 7 THRY Vv s

FiAEN A Ui iRt BO TR LTS PV AR— Y —45F L LTEL X
SHFRENTWADIE, & NatF v 34 (ENaC), Na/K+ATPase K27, 5k
UhBBDT 7 TR vKF ¥ v ZNTHB, | |
C FiQMiiE & B EARMIIRIE S H 6 b active transport 1 X Y A% flfares & M
BE~BEEETVD, MAEZZOVThSHEVETESMEEShA I LITL 04
L3, SMEMEE (ALD. &< IWCEERNE BRIDE & s k 525 Me RIS
FEGERE) TH, MIBMREZEE TR LWLV L, Ebohénd L RERIGHEM
BEAFZHREEET 57O, WEMALEOKOFBEES T EDHER. WHRRZRMHAK
BrEliiErzons, ZONKMEROTLEERLY, ALL TIREL DBE.
FIAERRIIR TR Y . mxkkwf%mmmajfy/z(mm)mﬁ%én b
Fo I LAaEMLTWA[I02],. :

| (5) FOkIE - BRI L SR
FlRahiz 2. A 5 Bk E D FEFE %F_};'L-’Jll‘fﬂimékﬁ#ﬁﬂ SN TRA
N2 IO I BT OMAMED RIS, FEAS I CADIERIIERIC L 58

%&ﬁ@%mﬁﬁm&<&%%%watT%ﬁm&Dziﬁotb&@@%hkwﬂ
D bz, FETHI AL L OBREEVL, TOREALHY . BRHTHS

[63 64l, Tbb, FECHATIEE FTLEWTHEERMKENEEECED bh
- W, Bipoe MEFATHRERICEE L., FRETHRELLTZS AT -0 ) BiE
Aw4&rm5uﬁﬁt%mgm@went# JEBI 6 & FDANESEELER
#576078[26] 11 12 B E L EEIEE L, s 4 EE I %ﬁt%&% ERTn3
[63,641(5% 2), :
B REA b H B, 1 Flik E‘aﬁé&é:}mm&-@ BEDORKER D BERIERSE

HOREEFEL, BIETLEBROFTHS, o 1 Flid, ﬁé%k—:@hﬂ‘c@ﬂﬂhk

JEZZR, %@%@bfﬁ%&%ﬁﬁmﬁotﬁf%é
BEERRIIELE Ul BIc Mk ES & o2 L. BBx OfRiE. st
22 B [ 6] SORENR IR AR IE{ERE[ 11, 12, 10, 28, 98], &R (2, 41,42, 94] D, ThEEE

(471, FEGEINEIE R T ERANC & S BE(70, 83] ([64, 761 11EHE) . FOM[19,83] Th

B, ®IETE LWMERBENENE CIBEi, FikiELD T BERL V.
LT UIEROEFE - &5 [41], BILZBEND I ETRTTSEE, SlmEtix
B (HAPE) 23K b —RRU72ZER T 5 [20, 761,

IERS S M IR R AR ARIZ B\ CRE T 38 & O B AR TR 4l ENaC &

Na+K+ATPase DERE & &M% downregulate 520,761, LDvH o OFRIZEEFR

EAZ & o TSERATTHME T H - 72 [20, 76],

AQP-FERTRIE DAk (BB B BN ﬂ%‘fﬁﬂ@'fﬁ"ﬁﬁ@b N (DR AN
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K2 UTFFYUR (ARC) BT EEAREI 4TV 3 [01],

3.9. BHE & ME LB OB RS

FE] 7 L EEE N AR SN 2 5] (804024215 & B05005388) FLLMHEE LERETL
ICBBESDWVINERFEUSZESTEEFE L, THET, ZEAFIEALRZSL
TmRBEEZECI DI LITRLNTIIWRVE, Zh6 3 ANOERRERYRD L. £
B M % OREEREES, 22,55] £ —K L TWA, LMLAERE, acute
disseminated encephalomyelitis (ADEM : SPEIETEMINEEZR) (23,311, Vv MEE
FE(71, 93). LSRR ® apparent life threatenmg events (ALTE) [61] 72 ZIz-25\ T HE
DOEE OR[N L LTEMNTIVERHSB,

2EENZICE, SRLERABEEELELS, (EFELEEEO) LEER
FIAMZE, DVNTHEMIEE, BRI REREE, BT (RREEXR) |\ HEE. ElxRiES
F7u—X A EREMEEERE. T%ﬁﬁ&ﬂ%&ﬁ%ﬁ@%@%ﬂ%ﬁ?ﬁﬁ$¢
L ThHBHI3],

R REER R BRI @umA@iﬁT%EMW@%t¢m%%fbotmL$mﬁ_
HAFE LTV 116 AR, ﬁﬁﬁm#%ALﬁgto RAYEEMLAS 6 41 (A% L, B
DIIEEME TH o7 [22], :

12 S 2 v 7 28 Lz, boMIMEIEZ 82T v T, &A% 6 6
B 7 BRICHBWT, W6 CAL D =a — o U ASE L | BIEOEERFE, B

RO = 2 — 1 ATERE U (5], TORRBRD D, SHEMBEORBIE I

HEICHRKTD Hﬁiﬁﬂéﬂ’b"cwé

FRROER 7BV, DECEHE COMNEEITD L. MRL LBV THIER

FRIRIZ I8 1T HDEMRERITR, YA E T AROETREEMBEON SR LD

T LiE. EEERICBTAEEL KT, TOBER, A hOEBHNL [T

ViEV) (BEOETORBLES) BMER RE-Z L, S5 NE ORBEFREOR

RE—FTEB, LEoT, ZOKWEE, A I e &Y R & L
tb& & 7oL, PARRR, FCER LERFHICEVL BRI = 2 —n RS
EERELELEZDZZENEETH D, BEBEIICEMA W L & D78 LI XU
HREE DRESERED ThThChole LD I &b, ADEM OTTEEMEIIERS L 5 5,
 ADEM TILBE, —IEEDERDOHRRY—I B35H 523, 31116 TH B, if_ MRI J:Fﬁ
Em@wrb?mr%émb ADEM & LTADAR,

Bif. ZORRIIBLIC TSI, BELo0b 3, SE Y %z%{%”" ILETHET
BRNENWI ZEERLTWS, o, BAFOL ) 2ERL EROREER L A<,
Lo MEREEE LTEENTHD,

L AP, RBEEA RV POBTRME LTHELTWS, by MEFRFETIE 6 AR

EETISEEICRELE L IR %, ha CRERENTE B?J BNDHILDTHY .,
D J 5 (AT FEER EERIE DO TRV, '

S ORROEREETF I 7NV ERAZ S ERETELE, Z0aMEOL 0k
VA CTHBRICFEREE A L LI3RW, Z0Rb, Kl Ly MEREE TS
L OBRRENTHIZEHAD—DEELLND,

FEEC gastro—oesophageal reflux disease (GORD). respiratory syncytial virus
C(RSV) B, BH, O TRERS IO LERER URTI, LRTD), %5 ML, WEZE
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O, FEEERIAMEAR, LEER (ODRERS QT E8)., £FREASEEA L
D3, McGovern[61] MR TILEMEMELZ AL > BFRE L LTHIT TS, £7,
EEHGPLEVOBERNREE TH 76 11 ABRESNTHD (ZOBHOER D
1. 5%IZFEE T %),

FERA] 7 O ERASE f i >— k602 R R i < . BT LS, PRSI

SIRBSRIME R X 5 IR b DO TH oI MR H D, Z OXRIXE-REFEN
72 <, RSV RH BEO & ) R EEMREFRIMECBR L TWebiT TH Ry, TRER
LU ESGEA (URTI, LRTI) THE~ OFERZERTDI, 0 &3 2fTiE, EXZ0
Lo EMITERA NV FERITIENFELLRY, EF 7 0RREHRE b
B bRV, QTe BFfEjid 0.397 TH Y | FIREDA XV P ORIRTT F AR« A b—2 REE
BREED L S RO Y — FIZRBR LT Liliey, EREABEE LR
LT,

3.10. E%ﬁﬁmkmmhiétbv7)F—f(/4§i:ﬁ“f)m%

Li &%, dbSNP F—Z R—R I BWCIEREER—HET E LA (honsynonymous |

. single nucleotide polymorphism= SNP) Téh D R41Q b MABRENI 7T U F—F
Hﬂ%2@$@¢%%ﬁ/4?i:°f€ﬁﬁ§)®%ﬁ%ﬁﬁ<ﬂﬁ%bk&ﬁ%b
o
=@ SNP R, OCBIZx9 5 7 Y X —EDFEEEER. %ﬁuihﬁﬁb

STV E—EIEMNBA LD D, ZOSNP RUQDHBA (FPTADK 9. 29%ICE

HHI, T—T v RT T U HDA LIRS bRV ISR LTAELZ I ek
FEATA L. BROICINGDADTT Y F—EEERBEDL D2 b, b,
TOTVTANZEN SN IZ X BT V F—EORRORTENR, AEAFZIEMTE
DIETEAERORIE L BIHR L T BOTIZRLD, & LT, -

MEEAT A AD CAL fBIRICEB W T, GABA X aEND Z &72< 0B H=a—n Y
D HEAEHERL, o F -V TELIHERU-46], ThEOERENL, MXOEED
1. A A I EATHRICR LT, B, = Z -0 Lk 5 RthoB L R LE
BEEERDD & LT,

PH 6 ORIE, I DEE S, ¥ I 7ML SEEREGEE LTOBEEFO%

BRI E . KRB A TN I EABBE L EE LTINS I EICOWTRAIL TV A

Vv, L LR E, OCBIZLY & MEEE S 7 Y ¥ —EREESNIIL, BEE0RE .

HIERRG IS TR, ROk, BROBE, BEECTEE, MUEHnky
(63, 641, BREMEDERGORERFICRD TEEND D, |

T EHEMOY T ) AR E TR, 4BEOEESALATWS, MIBADR
CEEMICE ST, VY Y—bA0YT Y #—E NEUL, FIRE DT T U F—¥ NEU2, #RAT

ﬁ%ﬁVTUﬁ—Emm\ibﬂVFUT®V7Uﬁ~%mMT%6D&WL
FRMIR D S 7 U & —¥ NEU3 13, H v 7 U4y FOERE PPAR-y (A3 v/ —
LERRISERSAGE) KETBY 7Y RN LT, 4R Y RS L iR

LTV B WS B B (1010,

U7 Y F—E L ﬁﬁéval—&%ﬁbtgﬁnmummma%Mt&@&9
L_ﬁ_'«'c W5,
ST IR R %ﬁﬁﬁﬁgﬁ$2#$ﬁ?¢//\:76Dﬁ5é§595€ﬁ%%:}§ﬁﬂe?iz By D
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. DFEE (conformation) IZEHBEEZTE Y, HFROAEDBEETH #5H LY

FERET B2 FIC 0. < DI BEREEER L THEEE2 bR T, |

B, T UZ BT LB T ABDERENE, B NS EEE DEE G AED
IR TH B DS, BT Y 2 —EI13HEIZ ) 2 — 5 TOEEGHE DB D
BTHLR, T aEEHEE (sialoglycoconjugates) #HEAFT S LIzt D,
E DR FHIF L T0 3 TREMN 55 (66, 67, 80] ([62, 73] 11725E), FE.
T Y B — BRI, TR - REDMEESEIC o T B
FIHNETE L TE TS,

BIAABIZEIT B T VAAEDEFIZ T, EBBEEORBEEPES b o Thd
’éﬁ*ﬂifﬁ%éﬂf%fﬁ‘/7&@Eéﬁﬁﬁgﬁ/dﬁo%ﬁbf@
BPEHIRON TR, ERERPLT L D —ELMemIi 6 ThHa,

LT Y F—Pik, ZOEMNCH. AT M, TR, FA Fh A (02 R YD
SRR (82, 89, 92] ZIIUW, fe0EEMEECESERLTVD L Ehb, BRNE
. DRSS, BAEDEE LU & 72V BRI EPEEEEE 0IC) 2ET-LiRiET

FEFAELDZEIZ, TOZEREBRLTWARERERDHY X L9,

- RHICAREEREAEETNE., PABEOTREMEEZEO A NG LRV, YHiaigk
£, REPARERREZ 2 #FEmL., AeAZ IeAri e OoFHERICET

D ETHRER %ﬁ%h%®#§%ﬁmbta%h%ﬂ??ﬂk7/kkﬂTé 2/
DRBRTH D,

. < 7 AD 2EONAFHRER T, FBTEE & I EESRAES MRS, R \f:}’b\b

FRCBNTHEREGICEEOEME T U ((ESCERREBREZEE), 2
Bl 125mg/keg TH Y . hhitb%%ﬁﬁhkﬁé&B@Mmfﬁ%Lt%A o
PEEBNTITThoT (OB ITEZAEZENFER L Bbivs), '

Zw MTHT 5523 700 2ER B ARMERERIZE W TE (Ong/kg & 28 & . 50mg/kg.

150mg/kg. 500ma/kg MARIZ-DE, TR, ARZTBET22EM) . Vo E (&4
BOA AREE:0,1,1,1,3), MR BRIE (A 2:0.1.1.2.3), & (4 2:2,1,1,3,5)
T EBEOFAHAPAEEEHICERISEM L T e (ERMZEIREERETE),

FEH A LIV EERZ LRI 50ng/kg THDHH, 4L 0CB D AUC CHET B &,
'EEEEFHEGD?“_M_# L6 EZETULME, FRL~ALTEH B 8ETLMAAY, -

& I 7 kA EHRERER ORI, 1ELPASRESh TRV, &

T VN -EDEFIC LD LD THD, LR, _niTL%%waé.

FETH 80 AF, 8 ACHBROTE Y —FRHY, 2055 L AT, i%&@%%ﬁ
MiE, ZlgsRtain SR bTmEW(%ZSﬁ%%%)

FEGAI )T EI)I AT I = e LU EEnT 72 2 /miﬁfé
LizBoT, /4AF3= °~—-fzh’.c7°77~ VOBRBETHY., TITRI )L UTHT
HFEGHEMRWSN VA NADFEMECEIMET 2 L ShTnd WN YA LRI, & bhd
4B U7z A/WSN/33(WSN) v 7 AL A AN b DT vV AOEIZERT 5 L &8
REETHHEREERS, LV IAT L IAL AR THD) [31];

OBIZEDE hD /AT Inf—FE (T U F—¥) BEESK, & hOEFERSS
AL UBNEE L EN DR DWW THECEET D Z LI TERNTHS I,
ZOHEEIWIEE RHARSICEENE T DIC 2 CHEEEREL S 2R LHY
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/HJ:a

3. 11. %t&@tt»a t»kiUWmB%%ikﬁéﬁEﬁ

ﬁf%ﬁéhfbéﬁ%(%ﬁbfwéﬁ%@—oh\ﬁ%¢®ﬁﬁ%gwmﬁnA

B aRECRENSHD, 7oL T, 200667 A 3 B, 13BOBTFIIF I 7VERRAK
WEFTELRILESIE L,  AfliX, BRAAAT 4 TICLVHEENTE, Tk
R OB THPRB LI OMPEHFOAELF I EAB LU 0B DEEN HPLC-UV HEIZT
P N7 HPLC-UV 3R L 2 BIE T BEROIC L 2HE (30112 L 5 & 100ng/g (ng/nl)
UEDAENLZ IENRL 0B ORECRIENRTEETH D L), KEBEIWkI 20> 0CB
CBEBEY 400ng/nl Tholo, EATRGERE Th o OEFHEDRE T, 18300ng/g
Tholt, LHLARNE, BRENCBESO2TT, BEIZZOFEC L BBIER
FAHChHol, ZORCEELT, & I TAVREEART 7 4 72 Tong 7 7L
 EARA LICBE O Cmax 75 60ng/ml. TH Y | ZOREL, ROV AWERIESTE
DORHEBRI VPRIV TOLATHE I LIXEREENTIY, &bz, AEA#3
EVIERNL T TREICIAKGESND, 7y bOv U ADLERN LI mEFEAPIC
31T B HBHIL 20~60 Y TH ol & VN9, b N OBEOEFOLBIIL, Ty bew
&xibﬁ%w&ﬁbﬂéﬁ\%hf%%&ﬁmﬁﬁ&ﬁmﬁ@%*%ﬁﬁ¢%\&&
FEEIZOCBIZEHLTLE>THE S, LEzdoT, BRLE, HOBAVWEZLY

HEIBULBIE L I PLC/MS/MS ¥ (RIEFRFMZ Ing/g) 272 ARV E LTH B0

iR B VNI P ICREE A A F I EAERIET D Z LT L A ERRRETH
olckFEZbND (pB. ERAIO LD 2EE, REOHESANLRVERY ER
BREAZILEET 5 LIETERR,

3.12. EF (adverse reaction) DFAHHEITDOVT

R L FEFR L OMOERBEESTETERVIRE, AX U ERHRHHRER
£5% (ICH) DEE4BICRERIT, %@ﬁﬁiﬁi =% (adverse reaction) | &3
EHDOTHD,

%t»& EABBAEDDSWIIMUDOE . TRESNTrb, EEEHHLAE-T
WAL, BRI, EREL, BETENLOEMIEL, ¥ 7ADERICESTE
'\EﬂwtééﬁﬁmTﬁé&ﬁﬁ%éhf%&ﬁoto%HT@E%L LT
b, ERBROTEELTETS I LIFTERY, LadosT, Zhbd [4_0 b

it ERR: (adverse reaction) | (Z534ET 5 & TH D, BADEFEPFAL TS

[(FBERY) BV TRET AR TRV 2213, IRE2FE) LB TRAY,
B4, RELROTREDHFIELEL2EEoo, BREGEZEELTELT
Wh, | S

B ORBEOHEEENRESHIESEITE, ThoDEEELORBMINIEL
IR E TR, FNLEE LD TRANBMF R ENALERDH S, ExD
B OFER] & HEt L. B LRI OV TEER R SN LERD B, SbiT
i3, BEESShWAEEESE, BYORERRTHD BN BEER « RROMBH
L BT A NER DD, LB, SREBNTH, BEHERIOE OHBEILE
. Ex OEFOREEGEEZEXICREETTHY ., EELREEREBTELLES
ThhH, FETHMOERTERLBY, b MERMER L BOFERRL Of
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FEERERAH IO PPDL T, FDA b, BEHEL, EFEORMEEEL. mE

@w@&é<bfw&w L LARE, 200742 AT 2 —HEORESHORE.

L EEEB L UBIECY AAT 4 TH LB R, EXEIREEROBR %

?EQfE"LT:o
ZNECERICRELTELTR 10 HRITHEMIET TS LV ol T Li3, B85
MR OERAFIDSNC, THETO (A TN PREE] 7 A EEH CIIRE
AN et JIBER A NRIER LRV, KRS ORETEMAIZBVT,
FAERBEII M- FBEORBRIERAZEFA LY b, To&ﬁ#oto

FITNERE (BIRTORKT L BRTEEEYE) & OMOERBRE. Lt
BoTHBDTHNEEZIONS, BFEINEZITAETNTIRABICREEL, 18
FILLE. A Lo TIMUDA bR T 2 BR M - SEEORFHPRER, #4370
 RARICRET M, HfiEEE, mikE BEERLS LY I 74, 20vTH OCB
ERELTNAOTIIRVRLELDND,
INLOEREZRE IV 2L AR HERIHRAERZERT ORI XA
FEREZ I NCERERRETHREST, EBRAKGENHoe LTH, EREE
A Z 7/b%ﬂ&ﬁﬁbf_&b\9$%ﬁ>&éﬁﬁb&;’c Z I T NEOEER SRV D B,

3.13. AMICI B, _
AR, RIREHECCEE SO OEIR LIREERICE SV 8 ADEFHELZE

AL LTS, Lmbkﬁa\%%%@gﬁﬁpﬁ%n\%ﬁbtﬁ%m%mfé%'

BT, RIEL LR LICRERRICE ST THh 2,
_Kﬁwﬁko%@ﬁ\%ﬁ&ﬂ%%tt%éﬁ@tdmf%%ﬁﬁ%é:k?%&
b, 3ABERFEL, 2 ABREEITHRICEYE L, 35 UTHTEEN

T2 AD S B | ARBEIER EE LA, 1 ARBBERH o Ei, 1 AER
PEORBHIERIERSH Y 2 BRI L, ZhbOEFCE-S< Fhikii, F%ém

| BEIRENEEBOERS EUER) EFRE — YEIECESER (BEFE) |
HLELD—IZX->Ti{fbah T3, Shiz, = /:L?:I:ﬂ%ﬁ'&"btﬂﬂizﬁ%%ff*%@
HHEHRELFATD I A TEE GREE . DVEE. TK BBRT — 7 BB L -
T BEFERENRAES (BEHR) KBOTHESHE1T) .

AT, ZhETOMRIE, UFO3 8OMREHLICMAE, AL, #3741

- EFERRICECHLIVEPSS L'C?E"aﬁmh’fk—z LY —REBELENDTOR
R THD, T, ¥ I TNVOERSOSEEEZEN LD TORITHY, &
HIZiL, # I T7NVOEFRSOLFEBEOFNTNCOWTEEER & ZOREMELR
HLEERAORITHD, ZRETKLIOHIZETIHMAEZHEL TS, L X
T, EREEIC TEEES] L UTREL, ¥ I7MTEBERR (adverse reaction)

EREL L TRV [R4], BEITEMATEMIED 2 AL BRIE T A ODWTOEFBFDE

SHE3S], A F =Xy PTAFEENTND 71 ADFTH83,64], EEBEABIZ
IR LR EHBMAIN D, L LANS, BEREE hOF —F OME, b,
ZORE (#3 7w®£ﬁm®é¢@)LowT#AML%ﬁ%mKtﬁ%ﬁI
AFEBRA T B,
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3.14. FARBROFERR L EXR3BHAD R DORTRO TR
ZITNMZEBAERIGHREL-BEORITAY LRI LS, 13— VIcKKET
T5 ADHERZ I 7 VIRARICHLE Lz, ZOEER., BALSETIE 50~60 AN
TLTWeh b LNRNEWIEIZHEY T2, INODERRIE, EEMEETH
b, INTRHHBET E Z L 70 OREBEITEZNC—EFABRREOFEL BN
THRALESNAUERH D, BEIZIZE D LIEF R RIIRTRETh o7 ¢ B L B,
-ﬂmi\4/7»;/ﬁﬁ®ﬁhm%ofﬁﬁfhm\tmfmw%AE%m§\7
NERTL T, vy FEEIREFBELRE-EBEFICRETH 1200
THd, LDLEREE, BEDA L IATFIIZE I TMIFRETHD, JOES
i3 — 0y STERZFANLATVAR, BETIEZTARLA T o7, L
LB, 20073 . BAOYUMBIX, 10 BmAICEAS LiavX Hic (FBIESE)
LOBREE L, LizloT, bL, ZOXDEICHLEEDA I P zotd

BERABMEIND R, ¥ITVOEREXTRALRWAL CNETERYITHR |

H%Té)\ybw%'w;é Y0 LTEDoT, FAATHN TERRBESRSN T ANRLELS W

BMERHDE LTh, ZOHE (EGIRBHE 8. XbR3EEELHESHIC
m%ﬁ@ﬁ&raé ' |

B3I TNERL %%a@@L%ﬁﬁiét DI BB R ERE S LIS OGS
L. BRAEMERTHD, TOERTIL AVINTUFIANRARETL AR E
BRESEDD, HBAVTYEEIRIFom T4 K (U Fh%2)) 2B LAY
TiL, AEAF L EAOMIEPOREICRT D P RENESMNEECEL £HET
ThD, il REESWERWEEEERNTERE WL, IERREHoA e F 2
EADRTEECN T 2 BB DR TEEDNL LB RoTH AT TH D, Zh

4. wER ‘ o
1L AEAZ I GREME) 3. ERASCERA. ME L B, FRImsER %

S HLTHD &R OND, r#&mﬁﬁﬁ FEBE B 10~20 {&#2 (AUC TH.

"-%)@ﬁgr%Ménna%r@rﬂmﬁ%mm%ﬁﬁm BB, - {EHEIR. - BhE
S8, SR/ TBARIERE POETE < BTND,.

2 WAELRENE. OEHDVIZERS 2L, PIRMEA Gherd 3 EAB) K

L BB CEREEF A LERY LT, ZOFRED D 5,

3, LEdio T, BHESIRIC SO EATER 10 RIS W RETTEROFEIF R LB, £
T ITARA% FCHERAE) ERETAELEL I REEITE, BEBFIT
MERICEE LERGTHA ) LHmRTIT 5 Z & B TED,

4. 2 I 7 NERA®R. RREECFT S —E RN, FOBRESEEEL, . ISR L
FEAITE, BEEAZAELTLELRSTYH, BESDDILBEDND, EER%GE
fEX, A F 2 eAL0EBRIC I D LIELBRICE L ERE - = — o VHIRES
(delayed neuronal cell damage) IZXDHDTHS I,

5. B3 EERIEIGINEE., I 74RITT 5 HERALEBICEL A5, Zhits

FH, 0BIZXDEe b TUFH—¥ (VAFI=F—8) OEFLEEL TS L

EbhéoE%ﬁ®%@#ﬁ%ﬁﬁ%hﬁﬁ&tubkDﬁﬁb;%Eﬁ<%ﬁ?é

29

S Bbhbro &, Wﬂ7/bwm¢%ﬁ_ﬂ?6%ﬂﬁ5/%@M*%Fmﬁw&ﬂﬁr
f%a A
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BEbHD), BEEOME, BUSEOHE (LIZLUIEBLE, 2T, JEUic

E5), HMEE, &hfl BESERETHD,
6. CNODFEEZZETIUTL, =& A, ﬁ%ﬁﬁ?ﬁ&ﬁﬁcﬁrﬁmtw B D,
HBERFEZRATANCERERLETITERERIE, BEREGHH-Te L LTh, f
RBERNCZ I 7NVERALEE WIEESHBBRVIE, ¥ I 70 DRRBKRE
BRob D I LIIBBATRY, |

iJJu fFein &

28, FEMOHIL 3N BRTPRARE L 2BERLE,. BRETHNOEHFE L 14
B 1TEBODE2 N) oW T, 2005411 A 12 E._Ebw?%ﬁifﬁﬁ{%é:}%t% 37
[\ A A/ NRRBIEZS LBV THER LZ35]),

AR . 2007 FRETICE BIZBID 2 ADKE 75=E> Jﬁ“ﬂ%ﬁoﬁ’é IEetzontid
BEEN[40] 1 NMIBEIRFEAEL . TR CHKIEE RO 4 BOBMETH S,
Ty 9WMOTMER, ¥ IT7NVIRABEREMSE (34C) LARVERRTT ) —ELEEY
& UTIET LERG THIZKIENSTR® bz [40], EDREFEIIRID 2 N FEHETE
WX BFETHEHRE L[65], T, RCBRBREIZ, M FE-RREFIC BT DA A5 2
. ENLOHEH P T AR— & PEEX Y 'C;b»if) & 9 Z L% 3DFTORE

e b[18,68, 741 R AFEFICHRE LTV 5,
(GREE : DLORR, BEMIINE TIZAS 84 A, 9 HERFEE 52 AL pote,
G HIEIELE CRMICRT AN B = LA TE Z8R5E 5 AF 4 ADESISh, 4
)\é: HERENRRBD 6N TWB),

SRR R 2 ‘ .

- OIEARRRIX. 8 A GEIEESI 2 AZMA TEE10A) o0&, BIfEAwESRIEHIE~
ORFEBFFORS, EFIF L LTORREBERELTNS, %E‘%ﬁﬁ:ﬁ%% D TR
XL, H ﬁiﬁﬁ?# B ORF SR~ EZ T B0 TWRv,

e, TOHRICERLTIEES L8R &R P HLEECAZ LA ’Cb%

CF ITMTE BEERERSEE - TR AOEREREERIE L TRV

. EIROF 2 TS B2 UES, 7. Graham Dukes ERRICIREICI LTS
KBS THE, %f%ﬁ@%ﬁk%bf@%ﬁ%ﬁﬂﬁ(%ﬁk%@%ﬁ%@%ﬁ

“g)n Et%—%m%iutow<@ﬁmtbif

@%Iﬁ@iﬂﬁi :

3CHR 9 & EATIZETE,

[9] E.D. Belay, J.S. Bresee, R.C. Holman, A.S. Khan, A. Shahriari, L.B. Schonbergér Reye’s

syndrome in the United States from 1981 through 1997. &V Eng[ J Med. 340 (1999) 1377-82.

. 3CRK-103 EUTCRAT 300,

. [103] T.Miyagi, K.Kato, S.Ueno and T.Wada. Abberant Expression of Slahdase in Cancer.
Trends in Glycoscience Glveotechnology 16 (2004) 371-381. :
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Illl[i

WESTLHAA. . iH’EFHUD_I‘ﬁhEE o TYH—

2. FEONEEOEIEECEFERMILEFTRETT

A4 1 A158, EECEFROMBEAGEESHANNITBNT, BREIX. [EE
L Do Tk $A) EESTERORE LICHR L. BRI AT
TCEERERELCEND E9) LHESENELE,

EDHD, KEMRBGORIER CERP IO D DERMTHRO S Y Figk
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