Has Oseltamivir Been Shown to Be Effective for Treatment

of H5N1 Influenza?
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Influenza A(H5N1) virus is one of many
avian influenza viruses and was identified
as the cause of 18 hospitalizations and 6
deaths in Hong Kong in 1997; the slaugh-
ter of 1.5 million poultry is credited with
aborting the outbreak [1-3]. The concern
that this event provoked for an occurrence
of an H5N1 pandemic was reinforced
when H5N1 infections were detected in
2003 in children in Vietnam; exposure to
poultry was documented for 8 of 9 cases
[4]. Expanded
H5N1 outbreaks in poultry throughout
Asia and in other parts of the world [3,

surveillance recorded

5]. These occurrences in poultry led to
recognition of H5N1 infections and dis-
ease in humans exposed to infected poul-
try, a circumstance that has continued to
date [6].

Most H5N1 infections in humans result
in a severe pneumonia with a high mor-
tality rate, but with little ability to spread
among humans [4, 6]. It is proposed that
pneumonia is the characteristic H5SN1 dis-
ease in humans because the avian influ-
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enza virus receptor is prevalent on ter-
minal bronchioles and lung alveolar cells,
and not on the epithelial cells of the res-
piratory passages [7]. Unless the feared
mutation(s) leading to a typical influenza
virus infection of the respiratory passages
occurs, H5N1 will likely remain primarily
an uncommon severe pneumonia caused
by exposure to infected poultry. Never-
theless, this threat of a change leading to
a pandemic has caused an extensive
worldwide effort to develop preventive
vaccines [8, 9].

As of 1 June 2010, the World Health
Organization (WHO) has documented
498 cases of H5N1-induced disease and
295 (59%) deaths [10]. The bulk of doc-
umented cases (79%) have been in In-
donesia, Vietnam, and Egypt, with a mor-
tality rate of 82%, 50%, and 31%, respec-
tively. Clinical descriptions of H5N1 cases
have indicated that the viral load is usually
much higher than those seen in cases of
H3N2 or HIN1 seasonal influenza, and is
higher in fatal cases than in nonfatal cases;
moreover, levels of several cytokines and
chemokines were also higher among cases
of H5N1 than in cases of H3N2 or HIN1,
and among fatal cases than among non-
fatal cases [11, 12]. Although cytokine dis-
regulation has been proposed for the so-
called cytokine storm, it seems primarily
attributable to a “viral load storm,” and
the sequence of high viral load leading to
high cytokine load frequently leads to de-

velopment of the acute respiratory distress
syndrome, respiratory failure, and death.
The fact that survivors of H5N1 influenza
had lower levels of virus in secretions and
that survival was associated with reducing
titers with time of illness supports the no-
tion that antiviral treatment should ame-
liorate severe disease and reduce the mor-
tality risk.

Because of variable resistance to the M2
inhibitors, absence of an approved par-
enteral antiviral, and the requirement for
inhalation for zanamivir activity, oselta-
mivir was recommended and has been
used when possible for treatment; it was
shown to be effective in vitro for sup-
pression of H5N1 virus replication [13].
However, early experience with oseltami-
vir treatment did not suggest a substantial
benefit, and a concern for resistance de-
velopment emerged [4, 11, 12]. This ini-
tially discouraging circumstance was
thought possibly to be attributable to late
onset of treatment and altered pharma-
cokinetics because of illness severity and
gastrointestinal symptoms. However, sub-
sequent experience in larger numbers of
patients suggested oseltamivir treatment
could reduce the risk of death; earlier
treatment conveyed enhanced patient sur-
vival in Indonesia, and treatment en-
hanced survival in Vietnamese patients
[14, 15]. Additionally, an H5N1 update
from WHO pooled the results of oselta-

mivir treatment from various countries
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and proposed an overall reduction in
death of 74%, and a surprising reduction
of 95% in countries with clade 2 infections
[6]. Variation in virulence of different
HS5NI1 viruses has been suggested as ac-
counting for lower mortality in some lo-
cations, as has been seen in Egypt; a com-
parison of a Vietnamese strain and a
Turkey strain in ferrets indicated the Viet-
namese strain (a clade 1 strain) was more
virulent than the Turkey strain (a clade 2
strain) [16].

In an effort to collect all information
on avian influenza virus infections in hu-
mans, the F Hoffman-LaRoche Company
provided funding to Outcome Sciences,
Ing, for developing an avian influenza in-
fection registry [17]. The report on effec-
tiveness of antiviral treatment of human
influenza A(H5N1) infections by Adisas-
mito et al [18] in this issue of the Journal
represents an analysis of data in the reg-
istry. Three hundred eight cases from 12
different countries were identified for
analysis. Those treated with oseltamivir
alone were compared with those not
known to have been treated. Multivariant
modeling showed a 49% reduction in
mortality among those treated, with a sig-
nificant reduction detected in all age
groups and when drug therapy was started
as late as 8 days after illness onset. These
results are similar to those reported earlier
for Indonesia and Vietnam but comple-
mented those reports with larger numbers
of cases from numerous locations in 12
different countries, involving different
clades of H5N1 viruses, over a period of
~12 years. This comparison of data on
treatment versus nontreatment represents
a major departure from the data that
would be available for such a comparison
from a randomized controlled study. The
quality of medical records, available data,
and quality of medical care are likely to
vary considerably. Controlling for uneven
data and conducting a comparison free of
bias and potential confounding variables
are daunting tasks. In recent years, analytic
methods have been developed to assess

treatment effects in nonrandomized com-

parisons, such as that conducted of the
multisite data on treatment of H5N1 in-
fluenza. These methods have value but
also limitations. Consideration of their
application to the registry data seems
appropriate.

There are 2 major concerns of the anal-
ysis by Adisasmito et al [18]. First, there
were a number of imputations of unob-
served data for time to censoring, time to
death, and time of treatment. The method
of imputation used did not account for
any variation; it assigned mean values of
observed data when it would have been
better if some form of multiple imputation
had been used [19, 20]. However, even
imputation in a randomized controlled
trial can lead to bias. Second, the propen-
sity score adjustment was used; to clarify,
the propensity score is a patient’s proba-
bility of being treated versus control as a
function of all relevant observed covariates
[21]. When the true propensity score is
known, it provides an unbiased estimate
of the effect of treatment versus control
for patients with that propensity score. In
a randomized controlled trial with half of
patients receiving treatment and half re-
ceiving control, the propensity score for
everyone is the same and comparing the
2 groups provides an unbiased estimate of
treatment. On the other hand, if healthier
patients are more likely to be treated, com-
paring the outcomes of treated and con-
trol patients would be biased; this bias
can be corrected using propensity scores
which permit comparison of treated and
control patients with the same propensity
value. In nonrandomized studies, pro-
pensity scores are not known; but, if
treatment assignment can be assumed to
be unconfounded, one can estimate the
propensity scores using observed covar-
iates to predict assignment using logistic
regression. However, propensity scores
can adjust only for observed covariates,
whereas, in a randomized controlled trial,
randomization balances for both known
and unknown factors. Because of this
limitation, confidence in conclusions us-
ing propensity scores in nonrandomized

studies needs to be additionally assessed
for consistency of results with other evi-
dence and for biological plausibility [22].
Thus, the conclusions on the value of os-
eltamivir treatment of H5N1 infections
presented by Adisasmito et al [18] can
be considered to be reasonable, based on
other evidence and plausibility, but not
definitive.

It is perhaps most reasonable to con-
sider the current status of the recom-
mended 5 days of treatment of H5N1 in-
fluenza in humans with standard dosages
of oseltamivir as probably effective but in
need of improvement. The major need for
improvement, as emphasized in the pres-
ent study, is the need for instituting treat-
ment early in the course of infection, a
fundamental tenet of treatment of an
infectious disease. Animal model data
on H5N1 infections suggested that both
higher dosages and longer durations of
treatment might be needed for H5N1 in-
fluenza [16, 23]. Fourteen cases in the Ad-
isasmito report were treated with higher
than standard dosages and 7 (50%) sur-
vived; 20 were treated for longer than 5 days
(median, 7 days) and 15 (75%) survived.
In view of the need for better treatment
and the safety data available on higher dos-
ages (150 mg twice daily) and longer du-
rations of oseltamivir treatment, it seems
reasonable to adopt the WHO proposed
treatment of a higher dosage and duration
of 10 days for H5N1 influenza and possibly
all cases of influenza pneumonia [6]. Fi-
nally, parenteral treatment with either the
unapproved peramivir or zanamivir prep-
arations may be best for this severe dis-
ease [6].

In summary, the combined experience
with oseltamivir treatment by Adisasmito
et al [18] supports the belief that osel-
tamivir given orally at approved dos-
ages for 5 days is beneficial for treatment
of H5N1 influenza, particularly if treat-
ment is started early in the course of ill-
ness. However, improvement in therapy is
needed, and available data suggest oral
therapy with a higher dosage (150 mg
twice daily) and a longer duration (7-10
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days) or parenteral therapy with perami-

vir or zanamivir are likely to improve on

the standard oral oseltamivir treatment

regimen.
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