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1 | INTRODUCTION

Oseltamivir is contraindicated for people aged 10-19 in principle in Japan, due to
concern about abnormal behaviours. Sudden death is another concern. This review
examines growing evidence of their association and discusses underlying mechanisms
of these sudden-onset type reactions to oseltamivir. First, the importance of animal
models and the concept of human equivalent dose (HED) is summarized. Second, the
specific condition for oseltamivir use, influenza infection, is reviewed. Third, findings
from toxicity studies conducted prior to and after the marketing of oseltamivir are
reported on to provide context on the observation of a possible causal association.
Fourth, similarity and consistency of toxicity in humans with that in other animals is
described. Finally, coherence of toxicokinetic and molecular level of evidence (chan-
nels, receptors and enzymes), including differences from the toxicity of other neurami-
nidase inhibitors, is reviewed. It is concluded that unchanged oseltamivir has various
effects on the central nervous system (CNS) that may be related to clinical findings
including hypothermia, abnormal behaviours including with fatal outcome, and sudden
death. Among receptors and enzymes related to CNS action, it is known that oseltami-
vir inhibits nicotinic acetylcholine receptors, which are clasely related to hypothermia,
as well as human monoamine oxidase-A (MAQO-A), which is closely related to abnormal
or excitatory behaviours. Receptors such as GABA,, GABAg and NMDA and their
related receptors/channels including Na* and CaZ* channels are thought to be other
candidates for investigation related to respiratory suppression followed by sudden

death and psychotic reactions (both acute and chronic), respectively.

KEYWORDS
abnormal behaviour, monoamine oxidase-A, neuropsychiatric adverse effects, nicotinic

acetylcholine receptor, oseltamivir, respiratory arrest, sudden death

children and adolescents of ages 10-19 years in principle since March

2007, due to concerns that it may cause abnormal behaviours.* Sudden

ABSTRACT

Oseltamivir is recommended for the treatment and prophylaxis of influenza in persons at higher risk for
influenza complications such as individuals with diabetes, neuropsychiatric illnesses, and respiratory, car-
diac, renal, hepatic or haematological diseases. However, a recent Cochrane review reported that reduc-
tion of antibody production, renal disorders, hyperglycaemia, psychiatric disorders, and QT prolongation
may be related to oseltamivir use. The underlying mechanisms are reviewed. There is decisive evidence
that administration of a clinically compatible dose of oseltamivir in mice challenged by a respiratory
syncytial virus (RSV) that lacks a neuraminidase gene showed symptom-relieving effects and inhibition
of viral clearance. These effects were accompanied by decreased level of T cell surface sialoglycosphin-
golipid (ganglioside) GM1 that is regulated by the endogenous neuraminidase in response to viral chal-
lenge. Clinical and non-clinical evidence supports the view that the usual dose of oseltamivir
suppresses pro-inflammatory cytokines such as interferon-gamma, interleukin-6, and tumour necrosis
factor-alpha almost completely with partial suppression of viral shedding in human influenza virus infec-
tion experiment. Animal toxicity tests support the clinical evidence with regard to renal and cardiac dis-
orders (bradycardia and QT prolongation) and do not disprove the metabolic effect. Reduction of
antibody production and cytokine induction and renal, metabolic, cardiac, and prolonged psychiatric
disorders after oseltamivir use may be related to inhibition of the host’s endogenous neuraminidase.
While the usual clinical dose of zanamivir may not have this effect, a higher dose or prolonged adminis-
tration of zanamivir and other neuraminidase inhibitors may induce similar delayed reactions, including
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Oseltamivir and zanamivir are neuraminidase inhibitors (NIs). These are
stockpiled and recommended to use for the treatment of seasonal and
pandemic influenza, especially in high-risk people.l'2 Oseltamivir was
used world widely for the treatment of 2009/2010 HIN1 influenza and
is included in the model list of essential medicines of the World Health

Organization (WHO)‘3 In Japan, oseltamivir is contraindicated for

death is another concern.””” A causal association between oseltamivir
use and abnormal behaviours or sudden death has not been established

and it is considered negaﬁvel'z based on retrospective observational

studies,® 12

ies'®** and a systematic review and meta-analysis of randomized con-

systematic reviews of retrospective observational stud-

trolled trials of oseltamivir treatment for influenza of adults.*®
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reduction of the antibody and/or cytokine production.

Introduction

Neuraminidase inhibitors (NIs) are expected to reduce compli-
cations of influenza, especially in persons at higher risk for
influenza complications,[1,2] and oseltamivir is included in the
Model List of Essential Medicines[3] Persons at higher risk
include those with diabetes, neuropsychiatric illnesses, and
respiratory, cardiac, renal, hepatic, or haematological dis-
eases.[1,2] However, serious neuropsychiatric adverse reac-
tions to oseltamivir, including sudden deaths and abnormal
behaviours leading to accidental death, have been reported
since the drug was introduced into medicine.[4-8] In Japan,
oseltamivir has been contraindicated in principle for children
and adolescents aged 10 to 19 years since 2007 due to con-
cern about the risk of abnormal behaviours.[4-7] Adverse
reactions to oseltamivir include sudden and delayed onset
types and others.[6,7] Sudden death is another concem about
oseltamivir use[5-8]

The Cochrane’s neuraminidase inhibitors team showed in
its latest review [9] that neuraminidase inhibitors (Nls), includ-
ing oseltamivir and zanamivir, have symptom-relieving effects
in adults, but it is unclear whether the same effects occur in
children. Oseltamivir reduced a four-fold increase in antibody
titre.[9,10] Evidence of reduction in hospitalization was not
shown for either NI. Oseltamivir did not reduce complications,
including pneumonia classified as serious or which led to
study withdrawal. Both NIs reduced “laboratory confirmed

symptomatic influenza infection,” but not influenza-like ill-
ness. Oseltamivir increased risk of nausea, vomiting, head-
ache, psychiatric, renal, and diabetic/hyperglycaemic events,
and pain in limbs, but zanamivir did not Oseltamivir reduced
diarthoea and apparent cardiac events, but induced pro-
longed QTc time (Bazett correction).[9]

This review discusses the biological base of adverse reac-
tions, in particular, those of the delayed onset type.

Brief description of neuraminidase inhibitors
Neuraminidase inhibitors and medical use

Neuraminidase inhibitors (NIs) comprise inhaled zanamivir
(Relenza, GlaxoSmithKline), oral oseltamivir (Tamiflu, Gilead
Sciences, F. Hoffman-La Roche and Chugai in Japan), paren-
teral peramivir [11] (BioCryst Ltd and Shionogi), inhaled lani-
namivir (Daiichi Sankyo Co. Ltd),[12] and others still under
development.[13] Zanamivir and oseltamivir have been mar-
keted in the US since 1999, and subsequently in other coun-
tries including Japan. Peramivir and laninamivir were put on
the market in Japan in January and September 2010,
respectively.

F. Hoffman-La Roche (Roche) donated oseltamivir to the
World Health Organization (WHO), and the WHO decided
to recommend stockpiling neuraminidase inhibitors

CONTACT Rokuro Hama @ gec00724@nifty.com e #702, Ueshio 5-1-20, Tennoji-ku, Osaka 543-0002, Japan
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