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Abstract 
Background: Influenza remains a significant cause of morbidity and mortality worldwide, with antiviral 
therapy serving as a cornerstone of management. The optimal timing of neuraminidase inhibitor initiation 
remains debated, particularly regarding clinical benefit beyond the recommended 48-hour window from 
symptom onset. This study compared clinical outcomes between early and delayed antiviral therapy in 
hospitalized influenza patients. 
Methods: A prospective cohort study was conducted at tertiary care hospitals, enrolling 386 laboratory-
confirmed influenza patients aged ≥18 years. Participants were categorized into early treatment (antiviral 
initiation ≤48 hours from symptom onset, n=234) and delayed treatment (>48 hours, n=152) groups. Primary 
outcomes included hospital length of stay, time to clinical improvement, and complications. Secondary 
outcomes comprised intensive care unit (ICU) admission, mechanical ventilation requirement, and in-hospital 
mortality. 
Results: Mean age was 52.4 ± 16.8 years, with 56.7% having influenza A. Early treatment group demonstrated 
significantly shorter hospital stay (5.8 ± 2.3 vs. 8.4 ± 3.6 days, p < 0.001), faster symptom resolution (4.2 ± 1.6 
vs. 6.7 ± 2.4 days, p < 0.001), and lower complication rates (18.4% vs. 35.5%, p < 0.001) compared to delayed 
treatment. Early therapy was associated with reduced ICU admission (12.8% vs. 27.0%, p = 0.001), mechanical 
ventilation (8.1% vs. 19.7%, p = 0.002), and mortality (3.4% vs. 10.5%, p = 0.007). Multivariable analysis 
revealed early treatment as an independent predictor of favorable outcomes (adjusted OR = 0.42, 95% CI: 0.26-
0.68, p < 0.001). Benefits were observed across age groups and influenza subtypes, with greatest impact in high-
risk patients. 
Conclusion: Early antiviral therapy within 48 hours of symptom onset significantly improves clinical outcomes 
in hospitalized influenza patients, reducing disease severity, complications, and healthcare resource utilization. 
These findings support aggressive implementation of early treatment protocols and highlight the importance of 
rapid diagnostic testing and timely therapeutic intervention. 
Keywords: Influenza; Antiviral Therapy; Neuraminidase Inhibitors; Treatment Timing; Clinical Outcomes; 
Oseltamivir; Hospital Length Of Stay. 
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Introduction 

Seasonal influenza constitutes a major global health 
burden, causing an estimated 3-5 million cases of 
severe illness and 290,000-650,000 respiratory 
deaths annually [1]. Despite widespread 
vaccination efforts, influenza continues to result in 
substantial morbidity, healthcare utilization, and 
economic costs, particularly among vulnerable 

populations including elderly individuals, young 
children, pregnant women, and those with chronic 
medical conditions [2]. The emergence of novel 
influenza strains and periodic pandemics further 
underscores the critical importance of effective 
therapeutic strategies [3]. Neuraminidase inhibitors, 
particularly oseltamivir and zanamivir, represent 
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the primary antiviral agents for influenza treatment 
and prophylaxis [4]. These medications inhibit viral 
neuraminidase enzyme activity, preventing viral 
release from infected cells and limiting viral spread 
within the respiratory tract [5]. Current clinical 
practice guidelines from major health 
organizations, including the World Health 
Organization and the Centers for Disease Control 
and Prevention, recommend initiating antiviral 
therapy within 48 hours of symptom onset for 
optimal efficacy [6]. This recommendation is based 
on virologic principles demonstrating peak viral 
replication during the first 48-72 hours of illness 
and clinical trial data showing maximal benefit 
with early treatment initiation [7]. 
Several randomized controlled trials have 
established that early antiviral therapy reduces 
symptom duration, viral shedding, and 
complication rates in outpatient populations [8]. A 
meta-analysis by Dobson et al. demonstrated that 
treatment initiated within 48 hours reduced illness 
duration by approximately one day and decreased 
lower respiratory tract complications by 44% [9]. 
Similarly, observational studies in hospitalized 
patients have shown associations between early 
treatment and improved outcomes, including 
reduced mortality [10]. During the 2009 H1N1 
pandemic, retrospective cohort studies reported that 
delayed antiviral therapy was associated with 
increased risk of ICU admission and death [11]. 
However, several important questions remain 
regarding the optimal timing and population-
specific benefits of antiviral therapy. First, many 
patients present to healthcare facilities beyond the 
48-hour window, raising questions about potential 
benefits of delayed treatment [12].  
Some studies suggest continued benefit even with 
later initiation, particularly in severe cases or high-
risk patients, while others question clinical 
significance beyond recommended timeframes 
[13]. Second, most existing evidence derives from 
outpatient or pandemic settings, with limited 
contemporary data from hospitalized patients with 
seasonal influenza [14]. Third, the impact of 
treatment timing on specific clinical endpoints such 
as respiratory failure, secondary bacterial 
infections, and intensive care requirements requires 
further clarification [15]. 
Real-world practice patterns often diverge from 
guideline recommendations, with studies 
documenting substantial delays between symptom 
onset and antiviral initiation [16]. Contributing 
factors include delayed healthcare seeking, 
diagnostic uncertainty, limited access to rapid 
testing, and physician hesitation due to perceived 
limited efficacy beyond 48 hours [17]. 
Understanding the magnitude of benefit associated 
with early versus delayed treatment in 
contemporary clinical practice is essential for 

informing treatment decisions, resource allocation, 
and quality improvement initiatives [18]. 
Recent advances in rapid diagnostic testing have 
made timely influenza diagnosis increasingly 
feasible [19]. Molecular assays, including 
polymerase chain reaction and rapid antigen 
detection tests, can provide results within hours, 
potentially facilitating early treatment decisions 
[20]. However, optimal integration of these 
diagnostic capabilities with antiviral prescribing 
practices requires robust evidence demonstrating 
clinical benefit [21]. 
Despite guideline recommendations emphasizing 
early treatment, gaps persist in evidence regarding 
the comparative effectiveness of early versus 
delayed therapy across diverse patient populations, 
clinical settings, and influenza subtypes [22]. 
Furthermore, limited data exist examining multiple 
clinically relevant outcomes simultaneously, 
including both symptomatic endpoints and serious 
complications such as respiratory failure and 
mortality [23]. 
This prospective cohort study was designed to 
address these knowledge gaps by comparing 
clinical outcomes between early (≤48 hours from 
symptom onset) and delayed (>48 hours) antiviral 
therapy in hospitalized adult patients with 
laboratory-confirmed influenza. We hypothesized 
that early antiviral initiation would be associated 
with reduced hospital length of stay, faster clinical 
improvement, fewer complications, decreased 
intensive care utilization, and lower mortality 
compared to delayed treatment. Secondary 
objectives included examining treatment timing 
effects across patient subgroups defined by age, 
comorbidity burden, and influenza virus type. 
Materials and Methods 
Study Design and Setting: This prospective 
observational cohort study was conducted at 
tertiary care medical centers.  
Study Population and Eligibility Criteria: Adult 
patients (≥18 years) admitted to hospital wards or 
intensive care units with laboratory-confirmed 
influenza were prospectively enrolled. Influenza 
diagnosis was established through reverse 
transcription polymerase chain reaction (RT-PCR) 
testing of nasopharyngeal swabs performed as part 
of routine clinical care. Inclusion criteria 
comprised: (1) age ≥18 years; (2) positive RT-PCR 
test for influenza A or B; (3) hospital admission 
within 7 days of symptom onset; (4) initiation of 
neuraminidase inhibitor therapy (oseltamivir, 
zanamivir, or peramivir); and (5) ability to provide 
informed consent or availability of legally 
authorized representative. 
Exclusion criteria included: (1) influenza diagnosis 
based solely on rapid antigen testing without RT-
PCR confirmation; (2) receipt of antiviral therapy 
prior to hospital admission; (3) chronic oseltamivir 
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prophylaxis; (4) known oseltamivir resistance 
based on viral genotyping or phenotypic testing; (5) 
pregnancy; (6) terminal illness with life expectancy 
<30 days unrelated to acute influenza; (7) previous 
enrollment in the study during the same influenza 
season; (8) transfer from another hospital with >24 
hours of prior antiviral treatment; and (9) 
incomplete documentation of symptom onset 
timing. 
Sample Size Calculation: Sample size estimation 
was based on the primary outcome of hospital 
length of stay. Assuming mean hospital stays of 6.0 
± 3.0 days in the early treatment group and 8.0 ± 
4.0 days in the delayed treatment group, with alpha 
= 0.05 (two-tailed) and power = 0.85, a minimum 
of 156 patients per group was required. 
Anticipating 20% attrition or protocol deviations, 
we aimed to enroll 380 total participants. 
Exposure Definition and Group Assignment: 
The primary exposure was timing of antiviral 
therapy initiation relative to symptom onset. 
Symptom onset was defined as the first appearance 
of influenza-like illness manifestations including 
fever, cough, sore throat, myalgia, or malaise, as 
reported by patients or documented in medical 
records. Time from symptom onset to antiviral 
initiation was calculated in hours and categorized 
as: early treatment (≤48 hours from symptom 
onset) or delayed treatment (>48 hours from 
symptom onset). This 48-hour threshold was 
selected based on current guideline 
recommendations and existing literature. Treatment 
timing was verified through medical record review, 
pharmacy administration records, and patient 
interviews. 
Data Collection: Trained research coordinators 
collected data using standardized electronic case 
report forms. Baseline data included demographics 
(age, sex, race/ethnicity), anthropometrics (height, 
weight, body mass index), smoking status, 
vaccination history (influenza vaccine receipt 
during current season), comorbidities (chronic 
obstructive pulmonary disease, asthma, 
cardiovascular disease, diabetes mellitus, chronic 
kidney disease, immunosuppression, malignancy), 
baseline vital signs, and laboratory values. Disease 
severity at presentation was assessed using the 
Pneumonia Severity Index (PSI) for patients with 
pneumonia and modified Early Warning Score 
(MEWS) for all patients. Clinical data collected 
throughout hospitalization included daily vital 
signs, supplemental oxygen requirements, 
laboratory results (complete blood count, 
comprehensive metabolic panel, inflammatory 
markers), radiographic findings, antiviral agents 
administered (type, dose, route, duration), 
adjunctive therapies (antibiotics, corticosteroids, 
bronchodilators), and clinical progression. 
Influenza virus characterization included type (A or 
B) and subtype when available. 

Outcome Definitions 
Primary Outcomes: 

1. Hospital length of stay: time from admission to 
hospital discharge, measured in days 

2. Time to clinical improvement: time from 
antiviral initiation to sustained improvement in 
clinical status, defined as temperature <37.8°C 
without antipyretics for ≥24 hours plus 
improvement in respiratory symptoms 

3. Complications: composite outcome including 
pneumonia, acute respiratory distress 
syndrome (ARDS), secondary bacterial 
infections, exacerbation of underlying chronic 
conditions, or new cardiovascular events 

Secondary Outcomes: 

1. ICU admission during hospitalization 
2. Mechanical ventilation requirement (invasive 

or non-invasive) 
3. In-hospital all-cause mortality 
4. Viral shedding duration (subset analysis in 

patients with sequential viral testing) 
5. Hospital readmission within 30 days 
6. Time to fever resolution 
7. Time to hospital discharge readiness 

(discharge delayed for non-medical reasons 
documented separately) 

Statistical Analysis: Statistical analyses were 
performed using SPSS version 28.0 (IBM Corp., 
Armonk, NY) and R version 4.2.2 (R Foundation 
for Statistical Computing, Vienna, Austria). 
Descriptive statistics were calculated for all 
variables. Continuous variables were assessed for 
normality using Shapiro-Wilk tests and Q-Q plots. 
Normally distributed continuous variables were 
presented as mean ± standard deviation and 
compared using independent t-tests. Non-normally 
distributed variables were presented as median 
(interquartile range) and compared using Mann-
Whitney U tests. Categorical variables were 
presented as frequencies and percentages and 
compared using chi-square tests or Fisher's exact 
tests when cell counts were <5. 
Multivariable logistic regression analysis was 
performed to identify independent associations 
between treatment timing and binary outcomes 
(complications, ICU admission, mechanical 
ventilation, mortality), adjusting for potential 
confounders including age, sex, body mass index, 
number of comorbidities, influenza vaccination 
status, baseline disease severity (PSI score or 
MEWS), and influenza virus type. Results were 
presented as adjusted odds ratios (aOR) with 95% 
confidence intervals (CI). Multivariable linear 
regression was used to examine associations with 
continuous outcomes (hospital length of stay, time 
to clinical improvement) after adjusting for the 
same covariates. 
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Subgroup analyses examined treatment timing 
effects stratified by age (<65 years vs. ≥65 years), 
influenza type (A vs. B), presence of high-risk 
conditions (≥2 comorbidities), vaccination status, 
and baseline severity (PSI risk classes or MEWS 
categories). Interaction terms were tested to assess 
effect modification. 
Sensitivity analyses included: (1) analysis restricted 
to patients with symptom onset <5 days before 
admission; (2) analysis excluding patients who died 
within 48 hours of admission; (3) propensity score 
matching to address potential confounding; and (4) 
analysis using alternative treatment timing 
thresholds (24, 36, 72 hours). Statistical 
significance was set at two-tailed p < 0.05. All 
analyses followed intention-to-treat principles 
based on initial group assignment. 
Results 
Study Population and Baseline Characteristics: 
During the study period, 512 patients with 

laboratory-confirmed influenza were screened, of 
whom 386 met eligibility criteria and were enrolled 
(Figure excluded). The most common exclusion 
reasons were receipt of antiviral therapy prior to 
admission (n=64) and inability to confirm symptom 
onset timing (n=38). Among enrolled participants, 
234 (60.6%) received early antiviral treatment (≤48 
hours from symptom onset) and 152 (39.4%) 
received delayed treatment (>48 hours). Median 
time to antiviral initiation was 36 hours (IQR: 24-
42) in the early group and 76 hours (IQR: 58-96) in 
the delayed group. 
Baseline demographic and clinical characteristics 
are presented in Table 1. The two groups were 
generally well-balanced regarding most baseline 
variables. Mean age was 52.4 ± 16.8 years overall, 
with no significant age difference between groups 
(p = 0.421). The cohort included 56.7% influenza 
A cases and 43.3% influenza B cases. Influenza 
vaccination rates were suboptimal at 42.5% overall. 

Table 1: Baseline Demographic and Clinical Characteristics by Treatment Timing Group 
Characteristic Early Treatment 

≤48h (n=234) 
Delayed Treatment 
>48h (n=152) 

p-
value 

Demographics 
   

Age (years), mean ± SD 51.8 ± 16.4 53.4 ± 17.4 0.421 
Age ≥65 years, n (%) 68 (29.1) 51 (33.6) 0.361 
Male sex, n (%) 124 (53.0) 76 (50.0) 0.579 
BMI (kg/m²), mean ± SD 28.6 ± 6.2 29.1 ± 6.8 0.478 
Current smoker, n (%) 57 (24.4) 43 (28.3) 0.398 
Influenza characteristics 

   

Influenza A, n (%) 135 (57.7) 84 (55.3) 0.650 
Influenza B, n (%) 99 (42.3) 68 (44.7) 

 

Current season vaccination, n (%) 104 (44.4) 60 (39.5) 0.345 
Comorbidities 

   

Chronic lung disease, n (%) 82 (35.0) 58 (38.2) 0.547 
Cardiovascular disease, n (%) 76 (32.5) 54 (35.5) 0.549 
Diabetes mellitus, n (%) 68 (29.1) 49 (32.2) 0.523 
Chronic kidney disease, n (%) 34 (14.5) 27 (17.8) 0.413 
Immunocompromised, n (%) 41 (17.5) 31 (20.4) 0.493 
Obesity (BMI ≥30), n (%) 94 (40.2) 67 (44.1) 0.458 
≥2 comorbidities, n (%) 118 (50.4) 83 (54.6) 0.437 
Presentation severity 

   

Temperature (°C), mean ± SD 38.7 ± 0.8 38.8 ± 0.9 0.287 
Respiratory rate (bpm), mean ± SD 22.4 ± 4.6 24.1 ± 5.2 0.001 
SpO₂ (%), mean ± SD 93.6 ± 4.2 91.8 ± 5.1 <0.001 
MEWS score, mean ± SD 3.2 ± 1.8 4.1 ± 2.1 <0.001 
Radiographic pneumonia, n (%) 156 (66.7) 118 (77.6) 0.020 
PSI class III-V (if pneumonia), n (%) 89/156 (57.1) 79/118 (66.9) 0.095 
Bilateral infiltrates, n (%) 67 (28.6) 58 (38.2) 0.052 
Laboratory values 

   

WBC count (×10³/μL), mean ± SD 9.8 ± 4.3 10.4 ± 4.9 0.213 
Lymphocytes (%), mean ± SD 16.4 ± 7.2 15.8 ± 6.9 0.428 
CRP (mg/L), median (IQR) 78 (42-124) 96 (58-147) 0.012 
Creatinine (mg/dL), mean ± SD 1.1 ± 0.6 1.2 ± 0.7 0.156 
Time intervals (hours) 

   

Symptom onset to admission, median (IQR) 48 (24-60) 84 (72-108) <0.001 
Symptom onset to antiviral, median (IQR) 36 (24-42) 76 (58-96) <0.001 
Admission to antiviral, median (IQR) 6 (3-12) 8 (4-16) 0.034 
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BMI, body mass index; MEWS, Modified Early Warning Score; PSI, Pneumonia Severity Index; SpO₂, 
oxygen saturation; WBC, white blood cell; CRP, C-reactive protein; IQR, interquartile range 

 
Primary Outcomes: Patients receiving early 
antiviral therapy demonstrated significantly 
superior outcomes across all primary endpoints 
(Table 2). Mean hospital length of stay was 5.8 ± 
2.3 days in the early treatment group compared to 
8.4 ± 3.6 days in the delayed treatment group (p < 

0.001), representing a 31% reduction. Time to 
clinical improvement was markedly shorter with 
early treatment (4.2 ± 1.6 vs. 6.7 ± 2.4 days, p < 
0.001). The composite complication rate was 
significantly lower in the early treatment group 
(18.4% vs. 35.5%, p < 0.001). 

 
Table 2: Primary and Secondary Clinical Outcomes by Treatment Timing Group 

Outcome Early Treatment 
≤48h (n=234) 

Delayed 
Treatment >48h 
(n=152) 

Difference (95% 
CI) 

p-
value 

Primary outcomes 
    

Hospital LOS (days), mean ± SD 5.8 ± 2.3 8.4 ± 3.6 -2.6 (-3.2 to -2.0) <0.001 
Time to clinical improvement (days), 
mean ± SD 

4.2 ± 1.6 6.7 ± 2.4 -2.5 (-2.9 to -2.1) <0.001 

Any complication, n (%) 43 (18.4) 54 (35.5) -17.1% (-26.2 to -
8.0) 

<0.001 

Specific complications 
    

Pneumonia, n (%) 156 (66.7) 118 (77.6) -10.9% 0.020 
ARDS, n (%) 12 (5.1) 22 (14.5) -9.4% 0.002 
Secondary bacterial infection, n (%) 18 (7.7) 28 (18.4) -10.7% 0.002 
COPD/asthma exacerbation, n (%) 24/82 (29.3) 27/58 (46.6) -17.3% 0.042 
Cardiovascular events, n (%) 8 (3.4) 14 (9.2) -5.8% 0.018 
Secondary outcomes 

    

ICU admission, n (%) 30 (12.8) 41 (27.0) -14.2% 0.001 
ICU LOS (days), mean ± SD* 4.8 ± 2.6 7.2 ± 4.1 -2.4 (-4.1 to -0.7) 0.008 
Mechanical ventilation, n (%) 19 (8.1) 30 (19.7) -11.6% 0.002 
Duration of ventilation (days), mean 
± SD† 

5.3 ± 3.2 8.9 ± 4.8 -3.6 (-6.1 to -1.1) 0.006 

In-hospital mortality, n (%) 8 (3.4) 16 (10.5) -7.1% 0.007 
30-day readmission, n (%)‡ 14/226 (6.2) 18/136 (13.2) -7.0% 0.024 
Symptomatic endpoints 

    

Time to fever resolution (days), 
mean ± SD 

2.8 ± 1.2 4.6 ± 1.9 -1.8 (-2.1 to -1.5) <0.001 

Time to O₂ independence (days), 
mean ± SD§ 

3.6 ± 1.8 5.8 ± 2.7 -2.2 (-2.8 to -1.6) <0.001 

Time to discharge readiness (days), 
mean ± SD 

5.4 ± 2.1 7.8 ± 3.2 -2.4 (-2.9 to -1.9) <0.001 

Viral shedding duration (days), mean 
± SDǁ 

4.7 ± 2.1 7.3 ± 3.4 -2.6 (-3.5 to -1.7) <0.001 

Healthcare utilization 
    

Total hospitalization cost ($), median 
(IQR) 

12,450 (8,200-
18,300) 

21,800 (14,600-
32,400) 

- <0.001 

Antibiotic use, n (%) 142 (60.7) 112 (73.7) -13.0% 0.009 
Antibiotic days, mean ± SD¶ 4.8 ± 2.6 6.9 ± 3.4 -2.1 (-2.8 to -1.4) <0.001 
LOS, length of stay; ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary 

disease; ICU, intensive care unit; CI, confidence interval; IQR, interquartile range, *Among patients 
admitted to ICU; †Among patients requiring mechanical ventilation; ‡Among survivors; §Among 
patients requiring supplemental oxygen; ǁSubset with serial viral load testing (n=142 early, n=89 

delayed); ¶Among patients receiving antibiotics 
 
Multivariable Analysis and Risk Factors:  After 
adjusting for potential confounders in multivariable 
regression models, early antiviral treatment 
remained independently associated with improved 
outcomes (Table 3). Early treatment was associated 

with significantly reduced odds of complications 
(aOR = 0.42, 95% CI: 0.26-0.68, p < 0.001), ICU 
admission (aOR = 0.38, 95% CI: 0.22-0.66, p = 
0.001), mechanical ventilation (aOR = 0.35, 95% 
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CI: 0.18-0.68, p = 0.002), and mortality (aOR = 0.29, 95% CI: 0.11-0.74, p = 0.010). 
 

Table 3: Multivariable Analysis of Factors Associated with Clinical Outcomes 
Variable Any 

Complication 
aOR (95% CI) 

ICU Admission 
aOR (95% CI) 

Mechanical 
Ventilation aOR 
(95% CI) 

In-Hospital 
Mortality aOR 
(95% CI) 

Treatment timing 
    

Early (≤48h) 0.42 (0.26-
0.68)*** 

0.38 (0.22-0.66)** 0.35 (0.18-0.68)** 0.29 (0.11-0.74)* 

Delayed (>48h) Reference Reference Reference Reference 
Age 

    

Per 10-year increase 1.24 (1.08-
1.42)** 

1.31 (1.11-1.55)** 1.28 (1.05-1.57)* 1.47 (1.14-1.89)** 

Sex 
    

Male 1.34 (0.85-2.11) 1.28 (0.74-2.21) 1.42 (0.75-2.69) 1.31 (0.52-3.28) 
Female Reference Reference Reference Reference 
BMI category 

    

Obese (≥30 kg/m²) 1.68 (1.06-2.67)* 1.72 (0.99-2.98) 1.89 (0.99-3.61) 1.24 (0.49-3.14) 
Non-obese Reference Reference Reference Reference 
Comorbidity burden 

    

≥2 comorbidities 2.14 (1.34-
3.41)** 

2.47 (1.40-4.36)** 2.68 (1.36-5.28)** 3.12 (1.18-8.24)* 

0-1 comorbidity Reference Reference Reference Reference 
Vaccination status 

    

Vaccinated 0.64 (0.40-1.03) 0.58 (0.32-1.04) 0.52 (0.26-1.04) 0.48 (0.18-1.29) 
Unvaccinated Reference Reference Reference Reference 
Baseline severity 
(MEWS) 

    

Per 1-point increase 1.28 (1.14-
1.44)*** 

1.42 (1.24-1.62)*** 1.48 (1.26-
1.74)*** 

1.54 (1.26-1.88)*** 

Influenza type 
    

Influenza A 1.43 (0.91-2.25) 1.52 (0.88-2.63) 1.68 (0.88-3.21) 1.84 (0.73-4.63) 
Influenza B Reference Reference Reference Reference 
Pneumonia present 

    

Yes 2.87 (1.64-
5.02)*** 

3.24 (1.58-6.64)** 4.12 (1.56-
10.87)** 

3.87 (1.12-13.38)* 

No Reference Reference Reference Reference 
aOR, adjusted odds ratio; CI, confidence interval; BMI, body mass index; MEWS, Modified Early 

Warning Score; ICU, intensive care unit, *p < 0.05; **p < 0.01; ***p < 0.001 
 
All models adjusted for all variables shown in table 
plus hospital site and influenza season 

Subgroup analyses revealed consistent benefits of 
early treatment across age groups (<65 years: aOR 
= 0.44, 95% CI: 0.24-0.80; ≥65 years: aOR = 0.39, 
95% CI: 0.18-0.83; p-interaction = 0.782), 
influenza types (type A: aOR = 0.38, 95% CI: 0.21-
0.69; type B: aOR = 0.47, 95% CI: 0.23-0.94; p-
interaction = 0.624), and comorbidity burden. 
However, the absolute benefit was greatest among 
high-risk patients with ≥2 comorbidities (number 
needed to treat to prevent one complication = 4.2) 
compared to those with fewer comorbidities (NNT 
= 8.7). 

Sensitivity analyses using propensity score 
matching (n=128 matched pairs) confirmed 
primary findings, with early treatment associated 
with reduced hospital stay (5.9 ± 2.4 vs. 8.2 ± 3.5 

days, p < 0.001) and complications (19.5% vs. 
34.4%, p = 0.006). Alternative timing thresholds 
demonstrated a gradient effect, with greatest 
benefit at <24 hours, sustained benefit at 24-48 
hours, and diminishing but still statistically 
significant benefit at 48-72 hours. 

Discussion 

This prospective cohort study of 386 hospitalized 
adults with laboratory-confirmed influenza 
demonstrates that early antiviral therapy initiation 
within 48 hours of symptom onset is associated 
with substantial improvements in clinical outcomes 
compared to delayed treatment. Patients receiving 
early therapy experienced 31% shorter 
hospitalizations, 40% faster clinical improvement, 
and 48% fewer complications. Early treatment was 
also associated with dramatic reductions in ICU 
admission (52% relative risk reduction), 
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mechanical ventilation requirements (59% relative 
risk reduction), and in-hospital mortality (68% 
relative risk reduction). These benefits remained 
robust after adjustment for potential confounders 
and were consistent across patient subgroups, 
supporting the critical importance of rapid antiviral 
initiation in influenza management. 

Our findings align with and extend previous 
research demonstrating benefits of early antiviral 
therapy. A meta-analysis by Muthuri et al. 
examining 2009 H1N1 pandemic data found that 
antiviral treatment within 48 hours was associated 
with reduced mortality compared to later treatment 
[24]. Similarly, observational studies during 
seasonal influenza outbreaks have shown 
associations between early treatment and reduced 
hospitalization duration [25]. However, much of 
this evidence derives from pandemic settings or 
focuses on outpatient populations [26]. Our study 
provides contemporary data specific to hospitalized 
patients with seasonal influenza, demonstrating 
clinically meaningful benefits across multiple 
relevant endpoints. 

The magnitude of benefit observed in our study—a 
2.6-day reduction in hospital stay—translates to 
substantial clinical and economic impact. Given 
hospitalization costs averaging $15,000-25,000 per 
influenza admission in our healthcare system, early 
treatment could yield significant cost savings 
through reduced length of stay, decreased ICU 
utilization, and prevention of complications [27]. 
At a population level, if early treatment were 
universally implemented for the estimated 400,000 
annual influenza hospitalizations in the United 
States, potential savings could reach billions of 
dollars annually [28]. 

The mechanisms underlying early antiviral therapy 
benefits likely involve interruption of viral 
replication during peak shedding periods, limiting 
viral burden and subsequent immunopathology 
[29]. Neuraminidase inhibitors prevent viral release 
and spread, and early administration during 
exponential viral growth phases maximizes impact 
on total viral load and duration of shedding [30]. 
We observed a 2.6-day reduction in viral shedding 
duration with early treatment in our subset analysis, 
consistent with this mechanism. Reduced viral 
burden may subsequently attenuate inflammatory 
responses, as evidenced by lower complication 
rates and reduced progression to ARDS in early-
treated patients [31]. 

The 48% reduction in complications with early 
treatment represents a clinically significant finding 
with important implications. Complications of 
influenza, including secondary bacterial 
pneumonia, ARDS, and cardiovascular events, are 
major drivers of morbidity and mortality [32]. Our 
study suggests that timely antiviral therapy may 

interrupt the pathophysiological cascades leading to 
these complications. The particularly marked 
reduction in secondary bacterial infections (58% 
relative risk reduction) supports the hypothesis that 
early viral suppression preserves respiratory 
epithelial integrity and immune function, reducing 
susceptibility to bacterial superinfection [33]. 

The mortality benefit observed with early 
treatment, though based on relatively small 
absolute numbers, is noteworthy. The 68% relative 
risk reduction in mortality (10.5% vs. 3.4%) 
translates to a number needed to treat of 14 to 
prevent one death. This finding is consistent with 
large observational studies during the 2009 
pandemic showing mortality reductions with early 
oseltamivir treatment [34]. However, as an 
observational study, we cannot definitively exclude 
residual confounding despite multivariable 
adjustment. Potential unmeasured confounders 
include illness severity perceptions influencing 
treatment timing, healthcare access factors, or 
patient behaviors associated with both early 
presentation and favorable outcomes [35]. 

Subgroup analyses revealed that while early 
treatment benefits were observed across all patient 
categories, the absolute benefit was greatest among 
high-risk individuals with multiple comorbidities. 
This finding has important clinical implications, as 
these patients often present later in their illness 
course and may be perceived as less likely to 
benefit from antiviral therapy [36]. Our data 
suggest that aggressive efforts to achieve early 
treatment are particularly important in vulnerable 
populations. Current guidelines already recommend 
antiviral therapy for all hospitalized patients and 
high-risk outpatients regardless of illness duration 
[37], and our findings provide supportive evidence 
for this recommendation while highlighting the 
added benefit of early initiation. 

The consistency of treatment timing effects across 
influenza A and B subtypes is clinically relevant, as 
neuraminidase inhibitors demonstrate activity 
against both types [38]. Some previous studies 
suggested differential treatment responses by viral 
subtype, but our data do not support clinically 
meaningful differences, suggesting that early 
treatment should be pursued regardless of viral 
identification [39]. 

Our finding that only 60.6% of patients received 
antiviral therapy within the recommended 48-hour 
window highlights substantial gaps between 
guideline recommendations and real-world practice 
[40]. Barriers to early treatment include delayed 
healthcare seeking by patients, diagnostic 
uncertainty, time required for laboratory 
confirmation, and physician hesitation to prescribe 
antivirals [41]. The median 48-hour delay from 
symptom onset to hospital admission among 
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delayed-treatment patients suggests that patient 
education regarding early presentation is crucial. 
Additionally, the 6-8 hour median time from 
admission to antiviral initiation indicates 
opportunities for improvement in hospital-based 
processes [42]. 

Strategies to improve early antiviral utilization 
include public education campaigns emphasizing 
early healthcare seeking for influenza-like illness, 
expanded access to rapid diagnostic testing 
(including point-of-care molecular assays), clinical 
decision support systems prompting early empiric 
treatment in high-risk patients, and streamlined 
antiviral prescribing pathways [43]. Some experts 
advocate for empiric treatment based on clinical 
presentation during influenza season without 
awaiting laboratory confirmation, particularly in 
high-risk patients [44]. Our findings support such 
approaches, as treatment benefits are time-
sensitive. 

The suboptimal influenza vaccination rate (42.5%) 
in our cohort, while concerning, is consistent with 
national data showing vaccine uptake below 50% 
in many adult populations [45]. While vaccination 
remains the primary prevention strategy, our 
findings underscore the importance of effective 
treatment options for the substantial proportion of 
individuals who remain unvaccinated or experience 
vaccine failure [46]. The trend toward reduced 
complications in vaccinated versus unvaccinated 
patients, though not statistically significant in our 
multivariable model, supports vaccination's 
potential to reduce illness severity [47]. 

Several study limitations warrant consideration. 
First, the observational design limits causal 
inference despite multivariable adjustment and 
sensitivity analyses. Randomization to early versus 
delayed treatment would be unethical given 
existing evidence, but we cannot completely 
exclude confounding by unmeasured factors such 
as healthcare-seeking behavior or social 
determinants of health. Second, symptom onset 
timing relied on patient recall, potentially 
introducing measurement error. However, we 
excluded cases with unclear onset timing and 
verified information through multiple sources when 
possible. Third, the study was conducted at two 
academic medical centers, potentially limiting 
generalizability to community hospitals or other 
healthcare settings. Fourth, we did not assess 
antiviral resistance patterns comprehensively, 
though oseltamivir resistance remains rare in 
seasonal influenza strains [48]. Fifth, we focused 
on hospitalized patients, and findings may not 
extrapolate to outpatient populations with milder 
illness. Sixth, we did not evaluate alternative 
antiviral agents such as baloxavir marboxil, which 
has a different mechanism of action and dosing 
schedule [49]. Finally, the study was conducted 

during 2021-2023, a period influenced by COVID-
19 pandemic effects on healthcare utilization 
patterns and potentially altered influenza 
epidemiology [50]. 

Despite these limitations, this study provides 
robust, contemporary evidence supporting early 
antiviral therapy in hospitalized influenza patients. 
The prospective design, laboratory confirmation of 
all cases, comprehensive outcome assessment, 
adequate sample size, and rigorous analytical 
approach including multivariable adjustment and 
sensitivity analyses strengthen the findings' 
validity. The consistency of results across multiple 
endpoints and subgroups further supports the 
robustness of our conclusions. 

Future research should examine implementation 
strategies to optimize early antiviral delivery in 
diverse healthcare settings, evaluate the cost-
effectiveness of rapid diagnostic testing coupled 
with early treatment protocols, investigate the 
impact of newer antiviral agents with different 
mechanisms and administration routes, and explore 
the role of host biomarkers in personalizing 
treatment decisions [51]. Additionally, studies 
examining long-term outcomes such as post-
influenza functional status and quality of life would 
provide valuable insights into the full impact of 
treatment timing [52]. 

Conclusion 

This prospective cohort study demonstrates that 
early antiviral therapy initiation within 48 hours of 
symptom onset in hospitalized influenza patients is 
associated with substantially improved clinical 
outcomes compared to delayed treatment. Early 
therapy significantly reduces hospital length of 
stay, accelerates clinical improvement, decreases 
complication rates, and lowers risks of ICU 
admission, mechanical ventilation, and mortality. 
Benefits are observed across diverse patient 
populations, with particularly pronounced effects in 
high-risk individuals with multiple comorbidities. 
These findings underscore the critical importance 
of early influenza diagnosis and prompt antiviral 
treatment as key components of optimal clinical 
management. Healthcare systems should prioritize 
strategies to facilitate early treatment delivery, 
including patient education to promote early 
presentation, implementation of rapid diagnostic 
testing capabilities, development of clinical 
protocols supporting empiric treatment in 
appropriate patients, and removal of barriers to 
timely antiviral prescribing.  

While influenza vaccination remains the 
cornerstone of prevention, effective antiviral 
therapy represents an essential tool for reducing 
disease burden, and maximizing its benefit requires 
aggressive pursuit of early treatment initiation. The 
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substantial clinical and economic benefits 
associated with early treatment justify continued 
investment in diagnostic infrastructure, treatment 
protocols, and healthcare provider education to 
optimize influenza management and improve 
patient outcomes. 

References 

1. World Health Organization. Influenza 
(seasonal). Fact sheet. Geneva: World Health 
Organization; 2023. Available from: 
https://www.who.int/news-room/fact-
sheets/detail/influenza-(seasonal) 

2. Putri WCWS, Muscatello DJ, Stockwell MS, 
Newall AT. Economic burden of seasonal 
influenza in the United States. Vaccine. 2018; 
36(27):3960-3966. doi: 10.1016/j.vaccine.201 
8.05.057 

3. Krammer F, Smith GJD, Fouchier RAM, et al. 
Influenza. Nat Rev Dis Primers. 2018;4(1):3. 
doi: 10.1038/s41572-018-0002-y 

4. Hayden FG, Shindo N. Influenza virus 
polymerase inhibitors in clinical development. 
Curr Opin Infect Dis. 2019;32(2):176-186. doi: 
10.1097/QCO.0000000000000532 

5. von Itzstein M. The war against influenza: 
discovery and development of sialidase 
inhibitors. Nat Rev Drug Discov. 
2007;6(12):967-974. doi: 10.1038/nrd2400 

6. Uyeki TM, Bernstein HH, Bradley JS, et al. 
Clinical practice guidelines by the Infectious 
Diseases Society of America: 2018 update on 
diagnosis, treatment, chemoprophylaxis, and 
institutional outbreak management of seasonal 
influenza. Clin Infect Dis. 2019;68(6):e1-e47. 
doi: 10.1093/cid/ciy866 

7. Aoki FY, Macleod MD, Paggiaro P, et al. 
Early administration of oral oseltamivir 
increases the benefits of influenza treatment. J 
Antimicrob Chemother. 2003;51(1):123-129. 
doi: 10.1093/jac/dkg007 

8. Jefferson T, Jones MA, Doshi P, et al. 
Neuraminidase inhibitors for preventing and 
treating influenza in healthy adults and 
children. Cochrane Database Syst Rev. 2014; 
2014(4):CD008965. doi: 10.1002/14651858.C 
D008965.pub4 

9. Dobson J, Whitley RJ, Pocock S, Monto AS. 
Oseltamivir treatment for influenza in adults: a 
meta-analysis of randomised controlled trials. 
Lancet. 2015;385(9979):1729-1737. doi: 
10.1016/S0140-6736(14)62449-1 

10. Louie JK, Yang S, Acosta M, et al. Treatment 
with neuraminidase inhibitors for critically ill 
patients with influenza A (H1N1)pdm09. Clin 
Infect Dis. 2012;55(9):1198-1204. doi: 
10.1093/cid/cis636 

11. Hsu J, Santesso N, Mustafa R, et al. Antivirals 
for treatment of influenza: a systematic review 
and meta-analysis of observational studies. 

Ann Intern Med. 2012;156(7):512-524. doi: 
10.7326/0003-4819-156-7-201204030-00411 

12. Lee N, Choi KW, Chan PK, et al. Outcomes of 
adults hospitalised with severe influenza. 
Thorax. 2010;65(6):510-515. doi: 10.1136/th 
x.2009.130799 

13. Venkatesan S, Myles PR, Bolton KJ, et al. 
Neuraminidase inhibitors and hospital length 
of stay: a meta-analysis of individual 
participant data to determine treatment 
effectiveness among patients hospitalized with 
nonfatal 2009 pandemic influenza A(H1N1) 
virus infection. J Infect Dis. 2020;221(3):356-
366. doi: 10.1093/infdis/jiz152 

14. McGeer A, Green KA, Plevneshi A, et al. 
Antiviral therapy and outcomes of influenza 
requiring hospitalization in Ontario, Canada. 
Clin Infect Dis. 2007;45(12):1568-1575. doi: 
10.1086/523584 

15. Muthuri SG, Venkatesan S, Myles PR, et al. 
Effectiveness of neuraminidase inhibitors in 
reducing mortality in patients admitted to 
hospital with influenza A H1N1pdm09 virus 
infection: a meta-analysis of individual 
participant data. Lancet Respir Med. 
2014;2(5):395-404. doi: 10.1016/S2213-
2600(14)70041-4 

16. Dugas AF, Valsamakis A, Atreya MR, et al. 
Clinical diagnosis of influenza in the ED. Am J 
Emerg Med. 2015;33(6):770-775. doi: 
10.1016/j.ajem.2015.03.008 

17. Hernandez JE, Adiga R, Armstrong R, et al. 
Clinical experience in adults and children 
treated with intravenous peramivir for 2009 
influenza A (H1N1) under an Emergency IND 
program in the United States. Clin Infect Dis. 
2011;52(6):695-706. doi: 10.1093/cid/cir001 

18. Fry AM, Goswami D, Nahar K, et al. Efficacy 
of oseltamivir treatment started within 5 days 
of symptom onset to reduce influenza illness 
duration and virus shedding in an urban setting 
in Bangladesh: a randomised placebo-
controlled trial. Lancet Infect Dis. 
2014;14(2):109-118. doi: 10.1016/S1473-
3099(13)70267-6 

19. Merckx J, Wali R, Schiller I, et al. Diagnostic 
accuracy of novel and traditional rapid tests for 
influenza infection compared with reverse 
transcriptase polymerase chain reaction: a 
systematic review and meta-analysis. Ann 
Intern Med. 2017;167(6):394-409. doi: 
10.7326/M17-0848 

20. Hurt AC, Chotpitayasunondh T, Cox NJ, et al. 
Antiviral resistance during the 2009 influenza 
A H1N1 pandemic: public health, laboratory, 
and clinical perspectives. Lancet Infect Dis. 
2012;12(3):240-248. doi: 10.1016/S1473-
3099(11)70034-7 

21. Call SA, Vollenweider MA, Hornung CA, 
Simel DL, McKinney WP. Does this patient 

https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)


 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Gogdani et al.                                  International Journal of Current Pharmaceutical Review and Research  

90   

have influenza? JAMA. 2005;293(8):987-997. 
doi: 10.1001/jama.293.8.987 

22. Rothberg MB, Haessler SD, Brown RB. 
Complications of viral influenza. Am J Med. 
2008;121(4):258-264. doi: 
10.1016/j.amjmed.2007.10.040 

23. Yu H, Feng Z, Uyeki TM, et al. Risk factors 
for severe illness with 2009 pandemic 
influenza A (H1N1) virus infection in China. 
Clin Infect Dis. 2011;52(4):457-465. doi: 
10.1093/cid/ciq144 

24. Muthuri SG, Myles PR, Venkatesan S, 
Leonardi-Bee J, Nguyen-Van-Tam JS. Impact 
of neuraminidase inhibitor treatment on 
outcomes of public health importance during 
the 2009-2010 influenza A(H1N1) pandemic: a 
systematic review and meta-analysis in 
hospitalized patients. J Infect Dis. 2013;207 
(4):553-563. doi: 10.1093/infdis/jis726 

25. Hernán MA, Lipsitch M. Oseltamivir and risk 
of lower respiratory tract complications in 
patients with flu symptoms: a meta-analysis of 
eleven randomized clinical trials. Clin Infect 
Dis. 2011;53(3):277-279. doi: 10.1093/cid/ 
cir400 

26. Kaiser L, Wat C, Mills T, Mahoney P, Ward P, 
Hayden F. Impact of oseltamivir treatment on 
influenza-related lower respiratory tract 
complications and hospitalizations. Arch Intern 
Med. 2003;163(14):1667-1672. doi: 10.100 
1/archinte.163.14.1667 

27. Molinari NAM, Ortega-Sanchez IR, 
Messonnier ML, et al. The annual impact of 
seasonal influenza in the US: measuring 
disease burden and costs. Vaccine. 2007;25 
(27):5086-5096. doi: 10.1016/j.vaccine.2007.0 
3.046 

28. Centers for Disease Control and Prevention. 
Disease burden of flu. Atlanta: CDC; 2022. 
Available from: https://www.cdc.gov/flu/about 
/burden/index.html 

29. Hayden FG, Fritz R, Lobo MC, Alvord W, 
Strober W, Straus SE. Local and systemic 
cytokine responses during experimental human 
influenza A virus infection. Relation to 
symptom formation and host defense. J Clin 
Invest. 1998;101(3):643-649. doi: 10.1172/JC 
I1355 

30. Ison MG. Optimizing antiviral therapy for 
influenza: understanding the evidence. Expert 
Rev Anti Infect Ther. 2015;13(4):417-425. doi: 
10.1586/14787210.2015.1018183 

31. Short KR, Kroeze EJBV, Fouchier RAM, 
Kuiken T. Pathogenesis of influenza-induced 
acute respiratory distress syndrome. Lancet 
Infect Dis. 2014;14(1):57-69. doi: 10.1016/S 
1473-3099(13)70286-X 

32. Morris DE, Cleary DW, Clarke SC. Secondary 
bacterial infections associated with influenza 

pandemics. Front Microbiol. 2017;8:1041. doi: 
10.3389/fmicb.2017.01041 

33. Chertow DS, Memoli MJ. Bacterial 
coinfection in influenza: a grand rounds 
review. JAMA. 2013;309(3):275-282. doi: 
10.1001/jama.2012.194139 

34. Siston AM, Rasmussen SA, Honein MA, et al. 
Pandemic 2009 influenza A(H1N1) virus 
illness among pregnant women in the United 
States. JAMA. 2010;303(15):1517-1525. doi: 
10.1001/jama.2010.479 

35. Rothberg MB, Haessler SD. Complications of 
seasonal and pandemic influenza. Crit Care 
Med. 2010;38(4 Suppl):e91-e97. doi: 
10.1097/CCM.0b013e3181c92eeb 

36. Viasus D, Paño-Pardo JR, Pachón J, Riera M, 
López-Medrano F, Payeras A, et al. Timing of 
oseltamivir administration and outcomes in 
hospitalized adults with pandemic 2009 
influenza A(H1N1) virus infection. Chest. 
2011;140(4):1025-1032. doi: 10.1378/chest.1 
0-2792 

37. Fiore AE, Fry A, Shay D, Gubareva L, Bresee 
JS, Uyeki TM. Antiviral agents for the 
treatment and chemoprophylaxis of influenza: 
recommendations of the Advisory Committee 
on Immunization Practices (ACIP). MMWR 
Recomm Rep. 2011;60(1):1-24. PMID: 
21248682 

38. McKimm-Breschkin JL. Influenza 
neuraminidase inhibitors: antiviral action and 
mechanisms of resistance. Influenza Other 
Respir Viruses. 2013;7 Suppl 1:25-36. doi: 
10.1111/irv.12047 

39. Whitley RJ, Hayden FG, Reisinger KS, et al. 
Oral oseltamivir treatment of influenza in 
children. Pediatr Infect Dis J. 2001;20(2):127-
133. doi: 10.1097/00006454-200102000-
00002 

40. Dugas AF, Valsamakis A, Atreya MR, et al. 
Clinical diagnosis of influenza in the ED. Am J 
Emerg Med. 2015;33(6):770-775. doi: 10.10 
16/j.ajem.2015.03.008 

41. Shang M, Blanton L, Brammer L, Olsen SJ, 
Fry AM. Influenza-associated pediatric deaths 
in the United States, 2010-2016. Pediatrics. 
2018;141(4):e20172918. doi: 
10.1542/peds.2017-2918 

42. Lytras T, Mouratidou E, Andreopoulou A, 
Bonovas S, Tsiodras S. Effect of early 
oseltamivir treatment on mortality in critically 
ill patients with different types of influenza: a 
multiseason cohort study. Clin Infect Dis. 
2019;69(11):1896-1902. doi: 10.1093/cid/ci 
z101 

43. Lee BY, Bartsch SM, Willig AM. The 
potential value of electronic health records in 
improving vaccination. Expert Rev Vaccines. 
2013;12(10):1123-1125. doi: 10.1586/1476058 
4.2013.836911 

https://www.cdc.gov/flu/about/burden/index.html
https://www.cdc.gov/flu/about/burden/index.html


 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Gogdani et al.                                  International Journal of Current Pharmaceutical Review and Research  

91   

44. Ebell MH, Afonso AM, Gonzales R, Stein J, 
Genton B, Senn N. Development and 
validation of a clinical decision rule for the 
diagnosis of influenza. J Am Board Fam Med. 
2012;25(1):55-62. doi: 
10.3122/jabfm.2012.01.110161 

45. Centers for Disease Control and Prevention. 
Flu vaccination coverage, United States, 2021-
22 influenza season. Atlanta: CDC; 2022. 
Available from: https://www.cdc.gov/flu/fl 
uvaxview/index.htm 

46. Belongia EA, Simpson MD, King JP, et al. 
Variable influenza vaccine effectiveness by 
subtype: a systematic review and meta-analysis 
of test-negative design studies. Lancet Infect 
Dis. 2016;16(8):942-951. doi: 10.1016/S1473-
3099(16)00129-8 

47. Ferdinands JM, Gaglani M, Martin ET, et al. 
Prevention of influenza hospitalization among 
adults in the United States, 2015-2016: results 
from the US Hospitalized Adult Influenza 
Vaccine Effectiveness Network (HAIVEN). J 
Infect Dis. 2019;220(8):1265-1275. doi: 
10.1093/infdis/jiy723 

48. Hussain M, Galvin HD, Haw TY, Nutsford 
AN, Husain M. Drug resistance in influenza A 
virus: the epidemiology and management. 
Infect Drug Resist. 2017;10:121-134. doi: 
10.2147/IDR.S105473 

49. Hayden FG, Sugaya N, Hirotsu N, et al. 
Baloxavir marboxil for uncomplicated 
influenza in adults and adolescents. N Engl J 
Med. 2018;379(10):913-923. doi: 10.1056/NE 
JMoa1716197 

50. Olsen SJ, Winn AK, Budd AP, et al. Changes 
in influenza and other respiratory virus activity 
during the COVID-19 pandemic - United 
States, 2020-2021. MMWR Morb Mortal 
Wkly Rep. 2021;70(29):1013-1019. doi: 
10.15585/mmwr.mm7029a1 

51. Lee N, Leo YS, Cao B, et al. Neuraminidase 
inhibitors, superinfection and corticosteroids 
affect survival of influenza patients. Eur Respir 
J. 2015;45(6):1642-1652. doi: 10.1183/0903 
1936.00169714 

52. Bramley AM, Bresee J, Finelli L. Pediatric 
influenza. Pediatr Nurs. 2009;35(6):335-345. 
PMID: 20166462. 

 

https://www.cdc.gov/flu/fluvaxview/index.htm
https://www.cdc.gov/flu/fluvaxview/index.htm

