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Background. Oseltamivir is widely used as treatment for influenza virus A subtype H5N1 (hereafter, “H5N1”)
infection but, like any intervention, is not always effective.

Methods. We used Avian Influenza Registry data from 10 countries to examine the risk of death in 215 pa-
tients with confirmed H5N1 infection who were treated with oseltamivir, according to viral clade, age, respiratory
failure, and adjunctive treatment with corticosteroids or antibiotics.

Results. The median age of infected individuals was 18 years, and 50% were male. The highest fatality rate
occurred in a country with clade 2.1 virus circulation, and the lowest occurred in countries with clade 2.2 virus
circulation (P < .001). In univariate analyses, age of ≤5 years and treatment ≤2 days after symptom onset were
protective against fatality. When accounting for all risk factors, early initiation of oseltamivir was found to be
particularly effective in individuals without respiratory failure (odds ratio, 0.17; P = .04). Patients who had ad-
vanced respiratory failure requiring ventilatory support at the time of oseltamivir initiation were more likely to die
from the episode of H5N1 infection than patients who did not (P < .001). Adjunctive therapy did not improve the
likelihood of surviving the episode.

Conclusions. Oseltamivir is especially effective for treating H5N1 infection when given early and before onset
of respiratory failure. The effect of viral clade on fatality and treatment response deserves further investigation.

Human cases of influenza virus A subtype H5N1
(hereafter, “H5N1”) infection continue to be reported,
with outbreaks in Bangladesh, Cambodia, Indonesia,
and Egypt in 2011 [1]. Additionally, a large and in-
eradicable avian reservoir of H5N1 remains ready to
seed further human outbreaks. Oseltamivir is the
current de facto antiviral of choice for treatment of
H5N1 infection, but, as with any intervention, it is not

equally effective in all situations and for all patients.
Most data on human H5N1 infection come from case
series and meta-analyses of country-specific data [2].
While these provide a useful overview of issues and
trends, they cannot substitute for systematic analyses
of pooled data, which should provide more accurate
information, especially for subgroups. For this reason,
the global Avian Influenza Registry (hereafter, the
“Registry”; available at: http://ww.avianfluregistry.org)
was created in 2006 to collect systematic information
on human cases for pooled analysis.

The benefits of oseltamivir, compared with no treat-
ment, on survival from H5N1 infection have been re-
ported previously [3]. The purpose of this analysis is
to examine cases of H5N1 infection treated with osel-
tamivir, to understand the factors (demographic, viro-
logic, and clinical) that influence the treatment’s
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effectiveness, which may provide useful information to guide
clinical management.

METHODS

The Registry is a systematic program for accruing data on
human cases of H5N1 infection. Data were abstracted from
clinical records, published case series, and governmental agency
reports, using a standardized data collection form. When in-
formation from the same cases was available from both publi-
cations and medical records and discrepancies were detected,
the medical record was used as the primary source. Informa-
tion was recorded about exposures, clinical signs, symptoms,
treatments, and outcomes; case ascertainment and data
collection methods are described elsewhere in detail [3, 4].
As of 8 March 2012, the Registry contained 407 laboratory-
confirmed cases of H5N1 infection from 13 countries.

Altogether, 229 patients received oseltamivir treatment, and
178 did not. For the purpose of these analyses, all 229 patients
who received oseltamivir treatment were eligible for inclusion
in this study. Six patients who received another antiviral in
addition to oseltamivir (ribavirin for 2 patients and rimanta-
dine, amantadine, acyclovir, and methisoprinol for 1 patient
each) and 8 who received a subtherapeutic dose of oseltamivir

(defined as at least 1 dose less than the standard recommend-
ed dose) were excluded from analysis (Figure 1). For the
purpose of this analysis, patients were assumed to have re-
ceived standard doses if their records indicated neither subop-
timal dosing nor suboptimal therapy duration (n = 147). Thus,
the analysis population consisted of 215 patients who received
oseltamivir.

Patients who also received corticosteroids and/or antibiotic
treatment were compared with oseltamivir-treated patients
who had not received these comedications under examination.
Patients whose source documents did not include any infor-
mation about the comedications of interest were excluded
from these analyses. The timing of initiation of each medica-
tion was also examined in relation to case fatality.

Presumed viral clade for each case was assigned on the basis
of location and year of infection with reference to the known
clade in circulation at the time [2, 5–11]. When 2 clades were
reported from the same country in a given year, clade was de-
termined by successfully matching the case to published case
reports that included information about the specific clade
[12–14].

Patients were categorized by age (0–5, 6–13, and ≥14 years)
to investigate possible age-related outcome effects. Fourteen
years of age was chosen as the cut point between children and
adults to reflect the approximate maturation of the immune
system, and ≤5 years of age was selected to highlight effects in
children [15–17]. Age was analyzed categorically, not as a con-
tinuous variable, because earlier reports have shown a nonlin-
ear relationship between age and fatality [18].

Respiratory failure, defined as a requirement for intubation
and mechanical ventilation, was included as a measure of
illness severity. We assumed that respiratory failure did not
occur unless there was specific documentation of intubation
and mechanical failure. Respiratory parameters, including
degree of oxygen desaturation and supplemental oxygen re-
quirement (ie, data on the fraction of inspired O2), were rarely
available and thus were not analyzed.

The study’s primary outcome of interest was death. Univar-
iate associations of fatality with demographic, epidemiologic,
and treatment variables were examined. χ2 or Fisher exact
tests were used for comparisons between categorical variables.
The Wilcoxon rank-sum test was used to examine continuous
variables if they were not normally distributed. Kaplan-Meier
curves were used to analyze survival. The log-rank test was
used to compare median time to death between groups.

All variables significant at an α level of 0.20 in the univari-
ate models were included in a multivariate logistic regression
model. Variables for which >50% of cases were missing data
were not included in the multivariate model, regardless of sig-
nificance level; thus, time from symptom onset to first presen-
tation for any medical care, use of antibiotics, and use of
corticosteroids were omitted from multivariate analyses. The

Figure 1. Selection of cases of influenza virus A subtype H5N1 infec-
tion for analysis. aOther antivirals included ribavirin (for 2 patients),
amantadine (for 1), rimantadine (for 1), acyclovir (for 1), and methisopri-
nol (for 1). bA subtherapeutic dose was defined as anything less than the
standard dose, defined as follows: age ≥13 years: 75 mg twice daily;
age 1–12 years: 30 mg twice daily for individuals weighing ≤15 kg or
less, 45 mg twice daily for those weighing >15 to 23 kg, 60 mg twice
daily for those weighing >23 to 40 kg, and 75 mg twice daily for those
weighing >40 kg. No standard dosing is available for children <1 year old.

2 • JID • Chan et al

https://www.researchgate.net/publication/237263565_Consultation_on_Clinical_Aspects_of_Human_Infection_with_Avian_Influenza_A_H5N1_Virus_Update_on_Avian_Influenza_A_H5N1_Virus_Infection_in_HumansWriting_Committee_of_the_Second_World_Health_Organizatio?el=1_x_8&enrichId=rgreq-d96bdccbc59e2cb749a0a6af421c1c5f-XXX&enrichSource=Y292ZXJQYWdlOzIzMDc0OTAwMDtBUzoyMjgyNjY4NzUyODk2MDVAMTQzMTQzNDQ3MjQ1MA==
https://www.researchgate.net/publication/11870849_The_Rational_Design_of_Vaccine_Adjuvants_for_Mucosal_and_Neonatal_Immunization?el=1_x_8&enrichId=rgreq-d96bdccbc59e2cb749a0a6af421c1c5f-XXX&enrichSource=Y292ZXJQYWdlOzIzMDc0OTAwMDtBUzoyMjgyNjY4NzUyODk2MDVAMTQzMTQzNDQ3MjQ1MA==
https://www.researchgate.net/publication/26288521_Human_Infection_with_Highly_Pathogenic_Avian_Influenza_A_H5N1_Virus_Review_of_Clinical_Issues?el=1_x_8&enrichId=rgreq-d96bdccbc59e2cb749a0a6af421c1c5f-XXX&enrichSource=Y292ZXJQYWdlOzIzMDc0OTAwMDtBUzoyMjgyNjY4NzUyODk2MDVAMTQzMTQzNDQ3MjQ1MA==
https://www.researchgate.net/publication/277870836_Evolution_of_H5N1_avian_influenza_viruses_in_Asia?el=1_x_8&enrichId=rgreq-d96bdccbc59e2cb749a0a6af421c1c5f-XXX&enrichSource=Y292ZXJQYWdlOzIzMDc0OTAwMDtBUzoyMjgyNjY4NzUyODk2MDVAMTQzMTQzNDQ3MjQ1MA==
https://www.researchgate.net/publication/285481525_The_immune_system_in_health_and_disease?el=1_x_8&enrichId=rgreq-d96bdccbc59e2cb749a0a6af421c1c5f-XXX&enrichSource=Y292ZXJQYWdlOzIzMDc0OTAwMDtBUzoyMjgyNjY4NzUyODk2MDVAMTQzMTQzNDQ3MjQ1MA==


group with the highest fatality rate was chosen as the reference
group for comparison of categorical variables. All analyses were
conducted using SAS, version 9.2 (SAS Institute, Cary, NC).

RESULTS

The analysis population comprised 215 oseltamivir-treated pa-
tients from 10 countries: Azerbaijan (6 patients), Cambodia
(6), China (5), Egypt (77), Indonesia (46), Laos (2), Pakistan
(3), Thailand (17), Turkey (8), and Vietnam (45). Registry
cases from 3 other countries were not treated with oseltamivir
and were therefore excluded. All cases were diagnosed
between 2003 and 2011. The median age was 18 years (range,
0.7–75 years), and 50% of patients were male. Case-fatality
rates (CFRs) by country and presumed viral clade are shown
in Table 1. The highest CFR among clades (ie, those for which
>1 case was reported) was observed in Indonesia, where clade
2.1 was circulating; the lowest CFRs were observed in coun-
tries where clade 2.2 was circulating (P < .001).

The independent effects of age, sex, and timing of oseltami-
vir initiation on fatality are shown in Table 2. Although there
was little difference in survival between sexes, children aged
≤5 years had lower fatality rates than older patients. The CFR
among patients who received treatment ≤2 days after
symptom onset was 18.2%, compared with 62.8% for those re-
ceiving treatment later; the CFR was 23.4% for 64 patients
who were missing data on the timing of oseltamivir initiation.

Adjunctive treatment with antibiotics did not affect survival,
whereas corticosteroid comedication may have been associated
with a higher CFR. Review of the range of times to initiation
of treatment with oseltamivir among patients with informa-
tion on date of presentation for medical care (Figure 2) re-
vealed that the probability of surviving the infection decreased
with the delay in starting oseltamivir and was significantly

Table 1. Case-Fatality Rate (CFR) Among Patients Who Re-
ceived Oseltamivir for Treatment of Influenza Virus A Subtype
H5N1 Infection, by Presumed Virus Clade and Country

Virus Clade, Country
CFR, Proportion
(%) of Patients

Overall 100/215 (46.5)
Clade 1 28/59 (47.5)

Cambodia 4/6 (66.7)

Thailand 12/17 (70.6)
Vietnam 12/36 (33.3)

Clade 2.1

Indonesia 39/46 (84.8)
Clade 2.2 23/94 (24.5)

Azerbaijan 3/6 (50.0)

Egypt 17/77 (22.1)
Pakistan 1/3 (33.3)

Turkey 2/8 (25.0)

Clade 2.3 9/15 (60.0)
China 1/4 (25.0)

Lao 2/2 (100)

Vietnam 6/9 (66.7)
Clade 7

China 1/1 (100)

Figure 2. Survival among 129 patients with influenza virus A subtype
H5N1 infection, by interval between oseltamivir initiation and symptom
onset. A total of 86 patients for whom data on the time of first presenta-
tion for medical care or the time from symptom onset to oseltamivir
initiation were excluded from the analysis.

Table 2. Demographic and Treatment Characteristics Among
Patients Who Received Oseltamivir for Treatment of Influenza
Virus A Subtype H5N1 Infection, by Patient Outcome

Characteristic

Proportion (%) of Patients

Who Died
(n = 100)

Who
Survived
(n = 115) Pa

Male sex 44/100 (44.0) 64/115 (55.7) .088

Age, y <.001

0–5 12/100 (12.0) 43/115 (37.4) <.001
6–13 17/100 (17.0) 14/115 (12.2) .315

≥14 71/100 (71.0) 58/115 (50.4) .002

Pharmacologic treatment, initiation time
Oseltamivir, ≤2 days
after symptom onsetb

4/85 (4.7) 18/66 (27.3) <.001

Corticosteroids and
oseltamivir, any

37/58 (63.8) 13/30 (43.3) .066

Antibiotics and
oseltamivir, anyc

53/53 (100) 26/27 (96.3) .338d

a By the χ2 test, unless otherwise indicated.
b A total of 64 patients were missing data on timing of oseltamivir initiation.
c Only 1 patient with documented medications did not receive antibiotics.
d By the Fisher exact test.
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different for intervals of 0–2 days (for 22 patients), 3–5 (for
33), 6–8 (for 43), and ≥9 days (for 31; P = .015).

Table 3 shows the differences in survival by time of presen-
tation for medical care and treatment initiation among 151
patients with information on timing for both variables. Pa-
tients who died presented to the hospital substantially later
after symptom onset than survivors (median interval, 6 vs 3
days; P < .001) and received oseltamivir later (median interval,
7 vs 5 days; P < .001). There was no significant difference
between patients who died and those who survived with
regard to the timing of initiation of corticosteroids, antibiotics,
and/or nonsteroidal antiinflammatory drugs.

The CFR was much higher among the 137 patients who de-
veloped respiratory failure and required mechanical ventila-
tion, compared with patients who did not (89.7% vs 21.9%).
The median time from symptom onset to respiratory failure
was 7 days, and the median time to death was 10 days
(Table 4). Patients who had respiratory failure at the time of
treatment initiation were more likely to die from H5N1 infec-
tion than patients who did not require ventilation when osel-
tamivir was initiated (P < .001). The median time from
oseltamivir initiation to respiratory failure was 0 days (range,
−10 to 11 days), indicating that, for most patients who devel-
oped respiratory failure, oseltamivir was not initiated until

their illness had reached an advanced stage. In addition, the
time to first oseltamivir treatment was shorter for patients
who did not develop respiratory failure, compared with those
who did, although the difference was not statistically signifi-
cant (median interval, 5 vs 7 days).

When predictors of fatality were examined using a multi-
variate logistic regression model, viral clade, absence of respi-
ratory failure at or before the time of oseltamivir initiation,
and initiation of oseltamivir treatment ≤2 days after symptom
onset were the strongest predictors of survival (Table 5). It is
worth noting that, after adjustment for confounders, analysis
revealed that patients aged ≤5 years had a 66% lower fatality
risk than patients aged ≥14 years, although the difference was
not statistically significant (odds ratio [OR], 0.34; 95% CI,
.08–1.34). Infection with clade 1 viruses (OR, 0.09; 95% CI,
.03–.33), clade 2.2 viruses (OR, 0.20; 95% CI, .04–.89), and
clade 2.3 viruses (OR, 0.03; 95% CI, .01–.40) were associated
with a greater odds of surviving the episode, compared with
clade 2.1 viruses. Oseltamivir treatment initiated ≤2 days after
symptom onset was shown to be associated with an 83% lower
fatality risk, compared with treatment initiated later (OR, 0.17;
95% CI, .03–1.04), in analyses that adjusted for respiratory
failure, age, sex, clade, and time from symptom onset to hos-
pitalization. In contrast, patients with respiratory failure before
or on the same day as oseltamivir initiation showed an almost
20-fold increased risk of death due to H5N1 infection (OR,
19.50; 95% CI, 4.19–90.84), compared with patients who
never developed respiratory failure or developed it after start-
ing oseltamivir therapy. In a separate subgroup analysis of 178

Table 3. Times to Presentation for Medical Care and Initiation
of Treatment Among Patients Who Received Oseltamivir for
Treatment of Influenza Virus A Subtype H5N1 Infection, by
Patient Outcome

Variable
No. of
Patients

Days, Median (Range)

P

Patients
Who Died
(n = 100)

Patients Who
Survived
(n = 115)

Time from symptom onset to

To first
presentation for
medical care

92 1 (−2 to 10a) 2 (0–20) .039

To hospital
admission

207 6 (0–20) 3 (0–20) <.001

Time from symptom onset to treatment with
Oseltamivir alone
or in combination

151 7 (0–23) 5 (0–20) <.001

Corticosteroid 28b 6 (1–16) 7 (2–9) .762
Antibiotic 65b 5 (0–11) 4.5 (1–15) .560

NSAID 31b 4 (0–11) 3 (0–7) .393

Abbreviation: NSAID, nonsteroidal antiinflammatory drug.
a One case presented for prophylaxis 2 days before onset of symptoms.
Note: Wilcoxon rank-sum test was used to test the difference in median days
between fatal and surviving cases.
b Includes patients for whom timing of corticosteroids, antibiotics, or NSAID
initiation is known, whether or not timing of oseltamivir initiation is known.

Table 4. Timing of Respiratory Failure and Death in Relation-
ship to Symptom Onset and Oseltamivir Initiation Among 215 Pa-
tients Who Received Oseltamivir for Treatment of Influenza Virus
A Subtype H5N1 Infection

Variable
No. of
Patients

Days, Median
(Range)

Time from symptom onset to
Respiratory failure 54a 7 (4 to 15)

Death 96 10 (3 to 32)

Oseltamivir treatment in
patients with respiratory
failure

71b 7 (1 to 21)

Oseltamivir treatment in
patients without respiratory
failure

80 5 (0 to 23)

Time from oseltamivir initiation to

Respiratory failure 52 0 (−10 to 11)
Death 85 4 (1–19)

a Data are for patients for whom the time of respiratory failure was known.
b Data are for patients with known respiratory failure and for whom the time
of oseltamivir initiation was known.
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patients who did not have respiratory failure when initiating
oseltamivir treatment (113 patients had enough information
to be retained in the model), early oseltamivir treatment (ie,
treatment initiated ≤2 days after symptom onset) showed a
strong survival benefit (OR, 0.17; 95% CI, .03–.89; P = .04),
after adjustment for confounders.

DISCUSSION

Our analysis showed that oseltamivir, when initiated ≤2 days
after symptom onset, has the strongest impact on survival
among H5N1-infected patients, even after adjustment for
other factors that influence survival. There is some evidence to
suggest an increased survival likelihood when treatment was
initiated as late as 3–5 days after symptom onset, before respi-
ratory failure occurred; this finding was particularly apparent
when treated patients were compared with untreated patients
[3]. The consistent evidence that prompt initiation of antiviral
therapy confers a significant survival benefit to individuals
with H5N1 infection supports the need to improve access to
antivirals and to start empirical treatment for patients for
whom H5N1 infection is strongly suspected, even prior to vi-
rological confirmation [3, 17, 19]. In settings without ready re-
course to virological tests, this may be especially important.

Age, development of respiratory failure, and viral clade are
also shown to be important determinants of survival. In this
case series, children aged ≤5 years showed greater survival

than older cases [16], consistent with reports from smaller
case series [18, 20–23]. A plausible explanation for this finding
might be that children in this age group mount a less flamboy-
ant inflammatory response, but whether it is related to less
prior exposure to influenza viruses or to age-related immuno-
logical immaturity is unclear. Respiratory failure at time of
treatment initiation carries a graver prognosis, which suggests
that severe inflammatory damage in association with H5N1
pneumonias can be difficult to reverse, again highlighting the
need for early therapeutic intervention. Our data on clade
should be interpreted with caution, in part because clade was
extrapolated but not virologically determined. However, this
grouping might contribute to understanding some geographi-
cal variations in patient outcomes. Published variations in in
vitro strain sensitivity to oseltamivir generally show sensitivi-
ties to drug concentrations well below the minimum in vivo
concentrations achieved during therapy [12, 24–27]. Clade 2.1,
with the highest mortality worldwide, was reported only from
Indonesia. Since the circulating virus clade and country are
intractably intertwined, the higher mortality associated with
clade 2.1 may also be due to differences in access to or delivery
of healthcare services, oseltamivir availability, or other factors.
Interestingly, Indonesian cases generally presented for medical
care sooner (median interval between symptom onset and pre-
sentation, 0 days), compared with all other countries (median
interval, 2 days). However, oseltamivir treatment was typically
not initiated in Indonesia until a median of 7 days after

Table 5. Multivariate Analyses of Mortality Among Patients Who Received Oseltamivir for Treatment of Influenza Virus A Subtype
H5N1 Infection

Variable

Unadjusted Analysis Adjusted Analysisa

No. of Subjects OR (95% CI) OR (95% CI) P

Age, y 215
0–5 0.23 (.11–.47) 0.34 (.08–1.34) .122

6–13 0.99 (.45–2.18) 0.97 (.24–3.99) .965

≥14 Reference Reference
Male sex 215 0.63 (.37–1.07) 0.68 (.27–1.72) .417

Viral clade (country) 215

Clade 1 (Thailand, Vietnam, Cambodia) 0.16 (.06–.42) 0.09 (.03–.33) <.001
Clade 2.1 (Indonesia) Reference Reference

Clade 2.2 (Azerbaijan, Egypt, Pakistan, Turkey) 0.06 (.02–.15) 0.20 (.04–.89) .035

Clade 2.3 (Vietnam, China, Laos) 0.27 (.07–1.00) 0.03 (.01–.40) .007
Clade 7b (China) NA … …

Time from symptom onset to hospital admission, per day 207 1.26 (1.13–1.40) 1.02 (.88–1.17) .813

Early oseltamivir treatment (≤2 d vs >2 d after symptom onset) 151 0.13 (.04–.41) 0.17 (.03–1.04) .055
Respiratory failure/mechanical ventilation at time of initiating oseltamivir 189 27.82 (8.12–95.31) 19.50 (4.19–90.84) <.001

Abbreviations: CI, confidence interval; NA, not available; OR, odds ratio.
a Data are for 130 patients and are adjusted for all other variables in the table.
b The 1 patient with clade 7 infection could not be included in the model because of quasi-complete separation of data points.
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symptom onset, compared with a median of 6 days for all
other countries. This line of reasoning is supported by the
finding that, looking only at the Indonesian cases, early treat-
ment with oseltamivir still appears to have been associated
with reduced mortality (OR, 0.11; 95% CI, .01–1.05), indicat-
ing the effectiveness of this agent against clade 2.1 in
Indonesia.

Like all rigorous observational studies drawn from existing
data, these registry data were abstracted following a standard
protocol. Nonetheless, the original data were not recorded for
the purpose of this study, making it sometimes difficult to de-
termine whether an event did not occur, whether treatment
was not given, or whether these events occurred without
having been recorded. For example, for “respiratory failure,”
we assumed that this event did not occur unless there were
specific notations documenting intubation and mechanical
ventilation. We tested the sensitivity of our analyses to this as-
sumption by comparing 24 patients whose records clearly
documented “no respiratory failure” with 113 patients whose
records had no information indicating the presence of respira-
tory failure. The CFR among patients with unknown informa-
tion on respiratory failure (12.5%) was lower than that among
patients with documented absence of respiratory failure
(32.3%). Both CFRs were quite different from the CFR for pa-
tients with respiratory failure (89.7%), suggesting that it was
reasonable to combine the 2 groups and unlikely that respira-
tory failure was misclassified for patients who required me-
chanical ventilation and intubation but did not receive these
services because facilities were unavailable.

Limited information available on the timing of events re-
sulted in small numbers in some subgroup analyses of treat-
ment combinations and timing. For instance, only 10% of
patients (22) received oseltamivir ≤2 days after symptom
onset, and timing of oseltamivir treatment was unavailable for
30% of patients (64). The date of hospitalization was available
for 96% of patients, but the date of first presentation for
medical attention was often missing (in 57% of patients). We
examined the effect of missing data on early treatment by con-
ducting an analysis restricted to patients with “known”
dosage, and the results were similar to those conducted using
all oseltamivir-treated patients. Also a previous investigation
of missing data showed that the survival benefits of oseltami-
vir and timing of treatment initiation were essentially un-
changed after augmentation by multiple imputation of
missing data [28, 29].

For cases that included information on the timing of key
events, it remained challenging to disentangle the effects of
related timing of events, namely, presentation for medical care
and initiation of oseltamivir treatment. Because early treat-
ment was defined as initiation ≤2 days after symptom onset
and because late presentation for medical care was defined as
presentation >2 days after symptom onset, these categories are

mutually exclusive, and it would not be possible for a case to
have presented “late” for medical attention and to have been
treated ≤2 days after symptom onset. An interaction term for
early treatment and timing of hospitalization was introduced
into our model, but it was not significant (P = .957) and was
excluded from the final model.

We conducted 2 sensitivity analyses to examine the poten-
tial for treatment effectiveness to be confounded or modified
by the timing of presentation for medical care, since this vari-
able was excluded from the multivariate model because >50%
of cases were missing this information. In the first sensitivity
analysis, we conducted a stratified Mantel-Haenszel analysis of
survival, early oseltamivir treatment, and early presentation
for medical care (≤2 days after symptom onset); however,
because a patient presenting late for medical care cannot
receive early oseltamivir treatment (unless treatment/prophy-
laxis was given as part of a public health campaign), the OR
of death could not be calculated because of 0 cell counts. A
logistic regression model containing only early oseltamivir
treatment and the time from symptom onset to first presenta-
tion for medical care, as well as an interaction term between
the two, did not result in a significant interaction (P = .431;
n = 83). The same model, in which time from symptom onset
to oseltamivir (continuous) was substituted for early oseltami-
vir treatment, also did not result in a significant interaction
term (P = .790). In the second sensitivity analysis, when simul-
taneous adjustment was performed for early oseltamivir treat-
ment and timing of presentation, early oseltamivir treatment
was strongly associated with improved survival (OR, 0.13; 95%
CI, .03–.56). Thus, the small number of cases precluded exten-
sive modeling for interaction, even though our study repre-
sents the largest H5N1 series available anywhere, yet it
appears that the timing of first presentation for medical care
does not explain the relationship observed here between early
oseltamivir treatment and survival. While the absence of data
is always disappointing, having missing data was not a corre-
late of poor treatment or poor prognosis (CFR, 51.9% for pa-
tients with complete data and 38.1% for patients with
incomplete data). Rather, the pattern of missing data largely
reflects variations in source documents, which differed by
country and information type (eg, medical records vs data re-
ported to public health departments), and appears to be unre-
lated to any particular patient characteristics.

Overall, our analyses provide further evidence of the effec-
tiveness of treating H5N1 infection with oseltamivir, especially
early after symptom onset. These data do not support a
benefit of adding either corticosteroids or antibiotics to oselta-
mivir therapy. However, although corticosteroids might nega-
tively impact survival, this observation may simply reflect “last
ditch” therapy for moribund individuals. Corticosteroid use in
severe cases of non-H5N1 infection is associated with pro-
longed viral shedding, which might also explain our findings;
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increased corticosteroid-associated mortality has also been re-
ported in smaller case series of H5N1 infection [30–33]. For
patients presenting late in the course of their illness with re-
spiratory failure, newer therapeutic approaches in addition to
oseltamivir treatment should be studied.
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