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A B S T R A C T

Background: Worldwide, seasonal influenza causes significant mortality and poses a significant economic
burden. Oseltamivir is an effective treatment, but benefits beyond immediate hospitalization are
unknown.
Methods: This retrospective multicenter study included adult hospitalized influenza patients from two
major teaching hospitals in Australia. Patients who received Oseltamivir <48 h of admission (prompt-
treatment group) were compared with those who either did not receive treatment or if treatment was
delayed by >48 h (delayed/no-treatment group). Propensity-score matching was used to balance
confounders between two groups. Primary outcomes included 30-day readmissions, 30-day mortality,
composite-outcome (30-day mortality and readmissions), in-hospital mortality, and hospital length of
stay (LOS).
Results: Between January 2016–March 2020,1828 adult patients mean (SD) age 66.4 (20.1), 52.9% females,
were hospitalized with influenza. Four hundred and forty-eight (24.5%) received prompt-treatment with
Oseltamivir, while 1380 (75.5%) patients were in the delayed/no-treatment group. The median (IQR) time
from onset of symptoms to the administration of Oseltamivir was three (1–5) days. The propensity-score
model included 245 matched patients in each group (standardized mean difference of <10%). Both 30-
day readmissions and the composite-outcome were, respectively, 5.7% (P = 0.03) and 6.5% (P = 0.02) lower
in patients who received prompt-treatment with Oseltamivir when compared to the delayed/no-
treatment group. LOS showed a significant reduction, and in-hospital mortality showed a trend towards
improvement among patients who received prompt-treatment when compared to the other group.
Conclusions: Early administration of Oseltamivir was associated with a reduction in 30-days readmissions
and composite-outcome of 30-day readmissions and mortality in adult hospitalized influenza patients
when compared to delayed/no-treatment.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Background

Influenza is most often associated with a minor self-limited
respiratory illness but in some instances may cause severe illness
leading to hospitalization and even death. Worldwide, seasonal
influenza may cause between 291,243–645,832 (4.0–8.8 per

100,000 individuals) respiratory-related deaths annually, with
two-thirds of the total mortality in individuals �65 years (Iuliano
et al., 2018; Kwong et al., 2009; Paget et al., 2019).

In 2017 there were 29,000 influenza-related hospitalizations,
and 745 deaths due to influenza in Australia (Australian Govern-
ment Department of Health Canberra, 2017). Among influenza
patients who need hospitalization, 15–34% may need be admitted
to the intensive care unit (ICU) with mortality rates ranging from 4
to 12% (Loubet et al., 2016; Oliva et al., 2018), while 30-day
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readmission rates can be as high as 10.2% (Yandrapalli et al., 2018).
Influenza-related hospitalization is associated with a significant
economic burden, with mean ICU costs in Australia in 2011 of AU
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63298 and total hospital costs of AU$85395 per patient (Higgins
t al., 2011).
Severe influenza virus infection is often treated with neur-

minidase inhibitors; however, evidence regarding the clinical
enefits of these agents is inconsistent. Several studies (Cao et al.,
009; Zhang et al., 2011) have demonstrated no benefits with the
se of Oseltamivir; the statistical methodology of those studies
Antes and Meerpohl, 2014; Jones et al., 2014; Kmietowicz, 2014)
hich have shown effectiveness, has been questioned. Despite a

ack of solid evidence, several guidelines suggest the use of
seltamivir among hospitalized influenza patients (Cheng et al.,
009; Uyeki et al., 2019). However, in clinical practice, compliance
ith these guidelines is often poor. There is no consistent time
etween symptom onset and hospital admission for influenza
irus infection; this observation complicates this area of research.
n clinical practice, the majority of influenza patients who present
o the hospital have had symptoms for >48 h (Groeneveld et al.,
020; Muthuri et al., 2014). Clearly, the sooner Oseltamivir can be
rescribed to the hospitalized patient with influenza virus
nfection, the better (Groeneveld et al., 2020; Muthuri et al.,
014). Oseltamivir has not been shown to reduce unfavorable
linical outcomes in all hospitalized influenza patients, especially
f prescribed >48 h after the onset of clinical symptoms, when
ompared to no treatment (Aoki et al., 2003; Muthuri et al., 2014).
ortality risk reduction with late administration of Oseltamivir,
owever, has only been noted among hospitalized influenza
atients who were admitted to critical care (Muthuri et al., 2014).
he benefits of late initiation of Oseltamivir in these patients,
specially in terms of clinical outcomes such as readmissions, are
ot yet known.
Compliance with treatment guidelines may also be poor due to

ther reasons such as uncertainty of clinical diagnosis at the time
f hospital presentation (Dugas et al., 2014). The majority of
atients who need hospitalization for influenza are old with
ultiple comorbidities, and their presentation may be atypical due

o exacerbation of underlying chronic clinical problems (Rothberg
t al., 2006). Studies suggest that Oseltamivir is more likely to be
rescribed once the laboratory diagnosis of influenza is available
Dugas et al., 2014; Rothberg et al., 2006). Negative reporting of
seltamivir concerning its questionable benefits in influenza may
nterfere with physicians’ confidence in prescribing this medica-
ion (Kmietowicz 2013, 2017).

Hospitalized influenza patients often demonstrate prolonged
iral replication (Baccam et al., 2006; Lee et al., 2009); thus, the
enefits of prescribing Oseltamivir >48 h of the onset of symptoms
re biologically plausible. Also, only limited studies have investi-
ated the efficacy of Oseltamivir on clinical outcomes such as
eadmissions in severe influenza. This study was designed to
etrospectively study the benefits of Oseltamivir on 30-day
ortality and readmissions among adult influenza patients who

equire hospital admission.

ethods

We designed a retrospective multicenter observational study
nd included all patients �18 years, admitted with a diagnosis of
nfluenza, at the two major tertiary hospitals of South Australia
etween January 2016 and March 2020. The Royal Adelaide
ospital (RAH) is an 800-bed tertiary teaching hospital that
rovides care to approximately 86,000 inpatients each year and

et al., 2019). Influenza-related hospital presentations were
identified by the International Statistical Classification of
Diseases, and Related Health Problems, 10th Revision, Australian
Modification (ICD-10-AM) (Roberts et al., 1998) diagnosis code
of influenza (ICD-10-AM J9 or J10) and a laboratory-confirmed
influenza virus infection. Eligible cases for this study required
confirmation of influenza through the collection of respiratory
specimens (nasal/oropharyngeal swabs) for influenza A and B
and analyzed by the reverse transcription-polymerase chain
reaction (RT-PCR) test (Hansen et al., 2018). Ethical approval was
granted by the Southern Adelaide Human Clinical Research
Ethics Committee (SA HREC), and this study was registered with
the Australia and New Zealand Clinical Trial Registry (ANZCR) no
12618000451202.

Data collection and study definitions

From the electronic medical records and case notes, we
recorded the following variables for all patients who had had a
hospital admission with laboratory-confirmed influenza virus
infection: date of hospital admission and discharge, age, sex,
Charlson Comorbidity Index (CCI) (Murray et al., 2006), history of
diabetes, ischaemic heart disease (IHD), chronic pulmonary
disease (chronic obstructive lung disease (COPD), bronchial
asthma and interstitial lung disease (ILD)), chronic kidney disease
(CKD), malignancy and immunosuppression. Immunosuppres-
sion was defined as the presence of either solid organ or
hematopoietic stem cell transplantation, hematological malig-
nancy, chronic use of immunosuppressant drugs, chemotherapy
in the last six months or infection with human immunodeficiency
virus (HIV) with a CD4+ T lymphocyte count of <200/ml. We also
recorded creatinine, C-reactive protein (C-RP), and high sensitive
troponins (hsTnT) available during hospital admission. Pneumo-
nia was defined by the presence of consolidation on Chest X-ray,
and respiratory failure was identified if arterial oxygen saturation
(SaO2) was <90% or an arterial oxygen tension (PaO2) of <80 mm
Hg. The severity of influenza-related illness was assessed by
comparing the number of medical emergency response team
(MET) calls, the proportion of patients who went to the intensive
care unit (ICU), time spent in hours in the ICU, and inpatient
mortality. The LOS was adjusted for inpatient mortality. We also
recorded mortality and unplanned hospital readmissions within
30 days following discharge.

For this study, the commencement of Oseltamivir within 48
h of hospital admission was considered as a prompt treatment.
We compared this group of patients with those who either did
not receive Oseltamivir or where Oseltamivir was adminis-
tered >48 h after hospital admission (delayed/no treatment
group). Oseltamivir was the only available neuraminidase
inhibitor at the two hospitals during the period of this study.
According to Australian and New Zealand guidelines (Cheng
et al., 2009), the recommended dose was 75 mg twice daily in
patients with normal renal function and 75 mg od in patients
with impaired renal function (creatinine clearance of 10–30
ml/min). All patients were prescribed Oseltamivir for a total
duration of five days, and if discharged before completion of
treatment, they were instructed to complete the treatment
course at home.

The primary outcomes for this study were 30-day read-
missions, 30-day mortality, composite outcome of 30-day
aters to 460,000 central Adelaide residents. Flinders Medical
entre (FMC) is a 590-bed tertiary teaching hospital that
rovides services to the southern metropolitan area of Adelaide
ith a population of 372,000. We included only adult patients
ho were �18 years because children exhibit a different

mmune response and disease dynamics in influenza (Ranjeva
23
readmission or death, in-hospital mortality, and length of
hospital stay (LOS). The composite outcome was chosen to
examine remote benefits of Oseltamivir in clinical decision
making because both 30-day readmission and mortality are
clinically relevant and carry significant cost implications for the
health services.
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Statistical analyses

Data were visually assessed for normality using histograms and
by the use of skewness and kurtosis tests. Continuous variables
were analyzed using Student’s t-tests or Wilcoxon rank-sum tests,
while chi-squared statistics or Fisher’s exact test were used for
categorical variables.

We used propensity score matching (Bradley et al., 2013) to
compare outcome variables between groups who received
Oseltamivir <48 h of hospital admission and those who either
did not receive Oseltamivir or received treatment >48 h after
admission.

Propensity score methods

We used propensity score matching to control for any potential
confounding between the two cohorts. We used multivariate
logistic regression based on confounding variables based on
univariate analyses. Variables that were associated (P < 0.20) with
the allocation of Oseltamivir as the exposure variable, and 30-day
mortality as the outcome variable, and were plausible confound-
ers, were selected for inclusion in the multivariate logistic
regression model. The thirteen variables used for generation of
propensity scores were: age, age �65 years, sex, CCI, presence of
severe CKD, IHD, pre-existing chronic lung disease, immunosup-
pression, malignancy, pneumonia, respiratory failure, treatment
with empiric antibiotic and need for ICU admission. The cohorts
were matched 1:1 on propensity scores using the nearest neighbor
matching approach with a caliper (maximum probability distance)
width of 0.20 standard deviation of the logit of the propensity score
(Austin, 2011). The balance of characteristics between the cohorts
was assessed using standardized mean differences with a >10%
standard mean difference considered significant between the two
groups (Austin, 2009). Figure 2 shows the distribution of
propensity scores between the two groups before and after
matching.

In the matched cohort, endpoints were compared between the
two groups of patients who receivedOseltamivirwithin 48 h orthose
who either did not receive Oseltamivir or received treatment >48 h
after admission, by assessment of average treatment effect in the

treated (ATET) population with the use of Student’s t-test, Fisher’s
exact test or Wilcoxon’s rank-sum test, as appropriate.

Sensitivity analyses were performed using inverse probability
weighting (IPW) to assess the robustness of results generated by
propensity score matching, and coefficients with robust standard
errors and 95% confidence intervals were generated. All statistical
analyses were performed using STATA software version 16.0
(StataCorp, College Station, Texas, USA).

Results

Between January 2016 and March 2020, 2352 hospitalized
patients tested positive for influenza, of whom 1828 were �18
years of age and were included in this study. One thousand six
hundred and sixteen patients (88.4%) patients had influenza A and
212 (11.6%) influenza B (Figure 1). The mean (SD) age was 66.4
(20.1) years (range 18–101), and 52.9% were females. The majority
of patients had multiple comorbidities with a mean (SD) CCI of 1.3
(1.6). Of these, 32.4% had a history of chronic pulmonary disease,
17.8% had IHD, and 11.6% had been previously diagnosed with
cancer. One hundred and twenty-six (7.3%) had pneumonia, and
167 (8.1%) patients developed respiratory failure.

Four hundred and forty-eight (24.5%) received treatment with
Oseltamivir within 48 h of hospital admission. Of the remaining
1380 patients, 128 (9.3%) patients received treatment >48 h after
admission and 1252 (90.7%) were not treated with Oseltamivir
(Figure 1). The median (IQR) time from onset of symptoms to the
administration of Oseltamivir was three (1–5) days among patients
who received early treatment compared to six (3–8) days in
patients where treatment was delayed.

Median LOS was four days (IQR 2–7), and 98 (8.7%) had MET
calls during their admission, while 141 (7.7%) were admitted to the
ICU. Overall, 41 (2.3%) patients died during hospital admission,
while 30-day mortality was 78 (4.3%), and 245 (13.5%) were
readmitted within 30 days of hospital discharge.

Baseline characteristics differed among patients who received
Oseltamivir within 48 h of hospital admission compared to those
who did not receive treatment or those where treatment was
delayed >48 h. Patients who were older with a history of pre-
existing chronic lung disease, diabetes, and who were diagnosed
Figure 1. Study flow diagram.
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ith influenza A were more likely to be treated with Oseltamivir
Table 1).

ropensity score matching

The propensity score model, built with the use of thirteen
ariables from a multivariate logistic regression model, included
45 patients in each group and was well-matched with a
tandardized mean difference of <10% (Figure 2).

to treat (NNT) to prevent one readmission within 30 days was 17,
and NNT to prevent one composite outcome (death or readmis-
sion) within 30 days was 15. Both in-hospital mortality and LOS
was reduced in the group who received Oseltamivir within 48 h
compared to those who did not receive Oseltamivir or where
treatment was delayed (Table 2).

Outcome with inverse probability weighting

Both 30-days readmissions and the composite outcome of 30-

Figure 2. Propensity score matching.
utcome with propensity score matching

Thirty-day readmissions and the composite outcome of 30-day
eadmissions and mortality were, respectively, 5.7% and 6.5% lower
han in the group of patients who did not receive Oseltamivir or
eceived the drug >48 h of hospital admission. The number needed
23
days readmissions or death were significantly reduced among
patients who received Oseltamivir (P < 0.05) <48 h compared to
the other group. LOS showed a significant reduction, and in-
hospital mortality showed a trend towards mortality reduction in
the Oseltamivir treated group compared to those who did not
receive treatment or where treatment was delayed (Table 3).
5
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Discussion

This study indicates that a significant number of influenza
patients required hospitalization throughout four influenza
seasons. These patients were older with a high comorbidity
burden, and a substantial proportion was admitted to the ICU with
an overall mortality of 4.3% and a readmission rate of 13.5%.
Overall, 24.5% received prompt treatment with Oseltamivir with a
significant reduction in 30-day readmissions and the composite

with a mean age of 65 years and found a trend towards reduced in-
hospital mortality and LOS and a significant reduction in the
composite outcome of 30-day mortality/ICU admission. However,
in contrast to their findings, 30-day mortality was not significantly
different among patients who received prompt treatment with
Oseltamivir in our study. This difference in mortality could be
related to the differences in baseline characteristics of the study
populations. Although the median age was similar, patients in their
study had a higher baseline prevalence of IHD (60% vs. 17.8%) and

Table 1
Baseline characteristics before and after propensity score matching.

Cohort before matching Oseltamivir Cohort after matching Oseltamivir

Prompt treatment
(Oseltamivir
received <48 h)

Delayed/no treatment
(No Oseltamivir/
Oseltamivir >48 h)

P-value Prompt treatment
(Oseltamivir
received <48 h)

Delayed/no treatment
(No Oseltamivir/
Oseltamivir >48 h)

P-value

Total 448 1380 245 245
Age mean (SD) 69.4 (18.9) 65.5 (20.4) 0.0003 68.8 (19.4) 69.9 (18.8) 0.488
Age �65 n (%) 300 (67.0) 824 (59.7) 0.006 157 (67.1) 156 (64.7) 0.295
Male sex n (%) 223 (49.9) 595 (46.1) 0.169 123 (50.2) 133 (54.3) 0.366
Type of influenza n (%)
Influenza A 415 (92.6) 1201 (87.0) 0.001 222 (90.6) 230 (93.9) 0.177
Influenza B 33 (7.4) 179 (12.9) 23 (9.4) 15 (6.1)
CCI mean (SD) 1.3 (1.7) 1.2 (1.6) 0.244 1.5 (1.7) 1.4 (1.7) 0.584
Pneumonia n (%) 30 (6.7) 96 (7.4) 0.608 18 (7.4) 13 (5.3) 0.353
Diabetes n (%) 131 (29.2) 314 (22.7) 0.005 76 (31.0) 61 (24.9) 0.131
IHD n (%) 81 (18.1) 244 (17.9) 0.848 50 (20.4) 56 (22.3) 0.510
Pre-existing lung disease n (%) 164 (36.6) 428 (31.0) 0.028 96 (39.2) 89 (36.3) 0.514
Respiratory failure n (%) 40 (8.9) 121 (9.4) 0.786 27 (11.0) 20 (8.2) 0.283
ICU admission n (%) 28 (6.2) 113 (8.2) 0.182 17 (6.9) 13 (5.3) 0.451
Severe CKDa n (%) 5 (1.1) 13 (0.9) 0.746 3 (1.2) 4 (1.6) 0.703
Malignancy n (%) 57 (12.7) 147 (10.6) 0.226 35 (14.3) 25 (10.2) 0.168
Immunosuppression n (%) 4 (0.8) 6 (0.4) 0.253 2 (0.8) 2 (0.8) 1.00
Antibiotics 80 (74.7) 140 (52.4) <0.001 39 (69.6) 15 (50.0) 0.072
CRP mg/L mean (SD) 54.9 (64.5) 59.4 (73.4) 0.277 58.3 (72.3) 61.8 (77.0) 0.610

CCI, Charlson comorbidity index; IHD, ischaemic heart disease; ICU, intensive care unit; CKD, chronic kidney disease; CRP; c-reactive protein.
a eGFR <15.

Table 2
Outcomes using propensity score matching in influenza patients who received Oseltamivir compared to the group who did not receive this treatment.

Outcome variable Delayed/no treatment
(n = 245)

Prompt treatment
(n = 245)

Difference Odds ratio 95% CI P-value

In-hospital mortality n (%) 7 (2.9) 4 (1.6) 3 (1.2) 0.24 0.05–1.17 0.07
30-day mortality n (%) 11 (4.5) 11 (4.5) 0 0.84 0.34–2.10 0.714
30-day readmissions n (%) 38 (15.5) 24 (9.7) 14 (5.7) 0.56 0.32–0.98 0.03
aComposite outcome n (%) 49 (20) 33 (13.4) 16 (6.5) 0.56 0.34–0.92 0.02
LOS median (IQR) 4 (6) 3 (3) 1 (3) �2.32b �4.0 to �0.56 0.010

CI, confidence interval; LOS, length of hospital stay; IQR, interquartile range.
a 30-day readmission or death.
b Coefficient.

Table 3
Outcome using inverse probability weighting among influenza patients treated promptly with Oseltamivir compared to the group without this treatment.

Outcome variable Coefficient Robust SE 95% CI P-value

In-hospital mortality �0.02 0.01 �0.04 to 0.01 0.159
30-day mortality �0.01 0.02 �0.04 to 0.03 0.681
30-day readmissions �0.06 0.03 �0.11 to �0.01 0.038
aComposite outcome �0.08 0.03 �0.14 to �0.01 0.019
LOS �1.5 0.58 �2.6 to �0.37 0.009

SE, standard error; CI, confidence interval; LOS, length of hospital stay.
a 30-day readmission or death.
outcomes of readmission or death. LOS was significantly reduced,
and there was a trend for reduced in-hospital mortality among
patients who received Oseltamivir promptly compared to the other
group.

The results of this study are similar to a study by Groeneveld
et al. (2020), which included 390 hospitalized influenza patients
236
immunosuppression (46% vs. 0.6%) compared to our study. It is
possible that due to these baseline differences, Oseltamivir proved
more beneficial in improving mortality in their population.
Previous studies have indicated greater mortality benefits when
Oseltamivir is administered within 48 h of the onset of symptoms,
especially in high-risk influenza patients such as those with
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mmunosuppression (Shahani et al., 2017). Similarly, evidence
ndicates that Oseltamivir treatment for influenza is associated
ith a significant reduction in the risk of recurrent cardiovascular
vents in patients with a history of IHD (Casscells et al., 2009).
A meta-analysis by Muthuri et al. (2014), which included

9,000 patients from 79 studies who were admitted to hospital
ith influenza, demonstrated that Oseltamivir reduced mortality
aOR 0.81, 95% CI 0.70–0.93, P = 0.0024). The differences in OR in
ur study (0.24 vs. 0.81) could be related to the significant
ifferences in the cohort of patients studied. In the studies
ncluded in the meta-analysis by Muthuri et al., only 5% of patients
ere aged �65 years, and 6% were immunocompromised. This
opulation appears quite different from the cohort of seasonal
nfluenza patients, who typically present to hospitals in recent
ears (Groeneveld et al., 2020). In recent times, similar to our study
opulation, most influenza patients who are hospitalized are older
nd have multiple comorbid illnesses, as reflected in our study.
Our study found a significant reduction in 30-day readmissions

mong influenza patients who received treatment with Oselta-
ivir within 48 h of hospital admission. Previously, only limited
tudies have looked into this clinical outcome. Ramirez et al.
2018), in their randomized clinical trial involving 96 patients with

 mean age of 62 years, found that 5% of hospitalized influenza
atients were readmitted within 30 days of discharge and the
eadmission rates were not significantly different among patients
ho received or did not receive Oseltamivir. These findings are
ontrary to our study, where overall, 11.2% of patients were
eadmitted within 30-days, and patients who received Oseltamivir
ad a significant reduction in readmission rates (11.5% vs. 9.7%, P <
.05). This difference in readmission rates could be related to the
elayed administration of Oseltamivir in the Ramirez et al. cohort
s compared to our study because Oseltamivir was started at a
edian of six days from the onset of symptoms in their study
ompared to three days in our study. Moreover, the results of the
amirez et al. study could have been undermined because they
ere unable to achieve their required sample size (1107 patients),
nd thus, the effect size could be inaccurate.
The beneficial effect of Oseltamivir in reducing readmissions

ould be related to a reduction in the incidence of secondary
omplications of influenza, such as bacterial pneumonia or fewer
xacerbations of underlying chronic medical conditions. Animal
xperiments involving mouse models suggest that early treatment
ith Oseltamivir decreased viral loads and significantly reduced
econdary bacterial infections (McCullers, 2011). Antiviral use
engthened the interval between exposure to bacteria and the
evelopment of pneumonia, slowed the progression of pneumonia
hen it developed, and facilitated antibiotic treatment of the
uperinfection (McCullers, 2004). Only a few clinical studies
Nicholson et al., 2000; Treanor et al., 2000) are large enough to
tudy the impact of early Oseltamivir treatment on subsequent,
efinitively-diagnosed bacterial complications associated with
nfluenza. However, a pooled analysis (Kaiser et al., 2003)
emonstrates a clear trend towards a decreased rate of bacterial
nfections, including likely bacterial pneumonia, in patients with
nfluenza infection receiving early antiviral treatment with a
esultant 26% (95% CI 0.61–0.90) reduction in the rate of
ospitalization (Nordstrom et al., 2005).
The findings of this study support the Infectious Diseases

ociety of America (IDSA) clinical practice guidelines on influenza
Uyeki et al., 2019) and the Centers for Disease Control and

The strengths of our study include multicenter sites and the use
of robust statistical procedures to estimate outcomes. However,
due to the retrospective design of our study, there are a number of
limitations, and causal inferences cannot be drawn due to the
possible impact of unknown confounders on clinical outcomes.
Our study does not include information about the influenza
subtypes, which could have an impact on mortality in different
influenza seasons, and we were unable to gather data on influenza
vaccination, which could have a significant impact on influenza
related clinical outcomes such as mortality.

Conclusions

Early administration of Oseltamivir has a beneficial impact in
reducing 30-day readmissions and mortality in adult influenza
patients compared to delayed administration after hospital
admission or untreated patients and should be considered in all
patients who require hospitalization.
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