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Glossary 

Accelerated failure-time model A model for survival analysis that models the relation between 
exposure (or treatment) and survival time. 

Advisory Forum The Advisory Forum advises the Director of the Centre on the 
quality of the scientific work undertaken by ECDC. It is composed of 
senior representatives of national public health institutes and 
agencies, nominated by the Member States on the basis of their 
scientific competence, and a public health official from the European 
Commission.  

Attack rate A form of incidence that measures the proportion of persons in a 
population who experience an acute health event during a limited 
period (e.g. during an outbreak.). 

Case-fatality ratio The proportion of persons with a particular condition (e.g. patients) 
who die from that condition. The denominator is the number of 
persons with the condition; the numerator is the number of cause-
specific deaths among those persons. 

Contact Exposure to a source of an infection; a person who has been 
exposed. 

Effectiveness The extent to which a specific intervention, procedure, regimen, or 
service, when deployed in the usual circumstances of living and 
practice, does what it is intended to do for a specified population. 
A measure of the extent to which an intervention or policy fulfils its 
objectives in practice. Estimates derived from observational studies. 

Efficacy The extent to which a specific intervention, procedure, regimen, or 
service produces a beneficial result under ideal conditions. If 

possible, the determination of efficacy should be based on the 
results of randomised controlled trials.  

Epidemic The occurrence of more cases of disease, injury, or other health 
condition than expected in a given area or among a specific group 
of persons during a particular period. Usually, the cases are 
presumed to have a common cause or to be related to one another. 

Expert Opinion  A scientific view or comment of designated experts based on a 
review of scientific evidence and/or expert opinion (ECDC 
definition). 

Exposure Having come into contact with a cause of, or possessing a 
characteristic that is a determinant of, a particular health problem. 

Hazard ratio A theoretical measure of the probability of occurrence of an event 

per unit time at risk. 

Health technology assessment The systematic evaluation of properties, effects, and/or impacts of 
health care technology. Its main purpose is to inform technology-
related policymaking in health care.  

Immunocompromised patients Patients with impaired immunity. 

Incidence A measure of the frequency with which new cases of illness, injury, 
or other health condition occurs among a population during a 
specified period. 

Incubation period The time interval from exposure to an infectious agent to the onset 
of symptoms of an infectious disease. 

Index case An index case is the case through which an outbreak was first 
discovered, i.e. the first patient to be observed by the health care 
system or by the health authorities. 

Individual data Values or observations from each record (also called raw data). 

Infection control practices Programmes to prevent nosocomial infections that are 
comprehensive and include surveillance and prevention activities as 
well as staff training. 
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Intensive care unit An intensive care unit (ICU), also known as 

an intensive therapy unit or intensive treatment unit (ITU) or critical 
care unit (CCU), is a special department of a hospital or health care 
facility that provides intensive care medicine. 

Intention to treat A method of analysis for randomised trials in which all patients 
randomly assigned to one of the treatments are analysed together, 
regardless of whether or not they completed or received that 
treatment. In RCTs for neuraminidase inhibitor efficacy includes all 
ILI cases, including cases not confirmed in laboratory. 

Intention to treat - infected Analysis of only laboratory -confirmed, influenza-infected 
participants of influenza trials. 

Isolation The separation of infected persons to prevent transmission to 
susceptible ones. Isolation refers to separation of ill persons; 
quarantine refers to separation of potentially exposed but well 

persons. 

Long-term care facility Health care facility for inpatients that require a long term stay. 

Morbidity Disease; any departure, subjective or objective, from a state of 
physiological or psychological health and well-being. 

Mortality rate Proportion of deaths in a given population and during a given time. 

Neuraminidase inhibitor A class of drugs which block the neuraminidase enzyme preventing 
the reproduction of the influenza virus in the host cell. 

Observational study A study in which the investigator observes rather than influences 
exposure and disease among participants. Case-control and cohort 
studies are observational studies (see also study, experimental). 

Odds ratio An odds ratio (OR) is a measure of association between an 
exposure and an outcome. The OR represents the odds that an 

outcome will occur given a particular exposure, compared to 
the odds of the outcome occurring in the absence of that exposure. 

Outbreak The occurrence of more cases of disease, injury, or other health 
condition than expected in a given area or among a specific group 
of persons during a particular period. Usually, the cases are 
presumed to have a common cause or to be related to one another. 

Pandemic An epidemic occurring over a widespread area (multiple countries or 
continents) and usually affecting a substantial proportion of the 
population. 

Polymerase chain reaction A laboratory technique used to make multiple copies of a segment 
of DNA. PCR is very precise and can be used to amplify, or copy, a 
specific DNA target from a mixture of DNA molecules. 

Population The total number of inhabitants of a geographic area or the total 
number of persons in a particular group (e.g. the number of 
persons engaged in a certain occupation). 

Post-exposure prophylaxis Any preventive medical treatment started immediately after 
exposure to a pathogen (such as a disease-causing virus), in order 
to prevent infection by the pathogen and the development of 
disease.  

Poultry Domesticated bird raised for food. 

Public health The science and art of preventing disease, prolonging life and 
promoting health through organised efforts and informed choices of 
society, organisations, public and private, communities and 
individuals. 
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Per protocol population The per protocol population in randomised clinical trials is restricted 

to participants who fulfil the study protocol in terms of eligibility, 
interventions, and outcome assessment. The analysis of the per-
protocol population restricts the comparison of treatments to the 
ideal patient, that is, those who adhered perfectly to the clinical trial 
instructions as stipulated in the protocol. This analysis is known as 
the per protocol analysis. A per-protocol analysis envisages 
determining the biological effect of a new drug. However, by 
restricting the analysis to this selected patient population, it does 
not show the actual impact of the drug when used in real life when 
patient groups are not studied in RCTs and not all will comply with 
treatment recommendations. Therefore it is common to analyse 
also the intention-to-treat (ITT) population including individuals 
regardless of whether or not they completed or received the 
treatment. 

Randomised clinical trial/randomised controlled 
trial 

A clinical trial in which persons are randomly assigned to exposure 
or treatment groups. 

Re-assortment A form of recombination in which two (or more) influenza viruses, 
of the same or different subtypes, co-infect a single cell and 
exchange RNA segments to form genetically novel viruses. The 
segmented genome of the influenza virus facilitates reassortment. 

Relative risk A general term for measures of association between exposure and 
outcome in epidemiological studies, including risk ratio, rate ratio. 

Risk The probability that an event will occur (e.g. that a person will be 
affected by, or die from, an illness, injury, or other health condition 
within a specified time or age span). 

Risk assessment The qualitative and quantitative estimation of the likelihood of 
adverse effect that may result from exposure to specified health 
hazards or from the absence of beneficial influences. 

Risk factor An aspect of personal behaviour or lifestyle, an environmental 
exposure, or a hereditary characteristic that is associated with an 
increase in the occurrence of a particular disease, injury, or other 
health condition. 

Risk group A group of persons whose risk for a particular disease, injury, or 
other health condition is greater than that of the rest of their 
community or population. 

Safety population In randomised clinical trials the population that was randomised to 
receive treatment and complied with at least one dose of the 
treatment under study  

Scientific evidence Information gathered from scientific research that can support or 
counter a hypothesis or theory.   

Transmission Any mode or mechanism by which an infectious agent is spread to a 
susceptible host. 

Variable Any characteristic or attribute that can be measured and can have 
different values. 
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Executive summary 1 

The neuraminidase inhibitors oseltamivir and zanamivir, currently authorised in the European Union/European 2 

Economic Area (EU/EEA) for treatment and prophylaxis of influenza disease (including seasonal, pandemic and 3 

zoonotic influenza) have been the subject of debate concerning their effectiveness and safety, as well as the 4 

appropriateness of stockpiling these drugs for use in future influenza pandemics. 5 

In 2013, the ECDC Advisory Forum requested an assessment of the evidence for use of antivirals in influenza 6 

outbreak settings, specifically during institutional outbreaks and new and emerging influenza virus outbreaks. In 7 

August 2014, the EU Health Security Committee requested a review of the evidence, and on 10–11 February 2015, 8 

an expert consultation with international public health experts was convened in Stockholm to review data 9 

presented in newly conducted systematic reviews/meta-analyses of clinical studies on influenza antivirals, and in 10 

order to develop an ECDC Expert Opinion.  11 

Three new large systematic reviews and meta-analyses assessing efficacy, effectiveness and safety of two licensed 12 

neuraminidase inhibitors, oral oseltamivir and inhaled zanamivir, were reviewed: The 2014 Cochrane Collaboration 13 

report (Jefferson et al.), the 2015 MUGAS study (Dobson et al.) and the 2014 PRIDE study (Muthuri et al.). 14 

Additional reviews and studies were considered where appropriate. 15 

The 2014 Jefferson et al. report describes a systematic review with meta-analyses of clinical study reports from 16 

published and unpublished randomised, placebo-controlled trials (RCTs) assessing treatment or prophylaxis with 17 

oseltamivir (20 trials) and zanamivir (26 trials) up to July 2013, most of which were conducted among otherwise 18 

healthy persons in the community with influenza-like illness during seasonal epidemics. 19 

The Dobson et al. review reported a meta-analysis of individual patient data of 12 RCTs assessing treatment of 20 

adults with oseltamivir. Eleven of these trials were also included in the Cochrane report. 21 

In the observational study by Muthuri et al. investigators assembled data directly from study sites, assessing the 22 

association between use of neuraminidase inhibitors and mortality in a meta-analysis of individual participant data 23 

from 29 234 patients (all ages). The data were collected in 78 study sites located in 38 countries with laboratory-24 

confirmed or clinically diagnosed pandemic influenza A(H1N1)pdm09 infection admitted to hospital. 25 

The reviews by Jefferson et al. and Dobson et al. conclude that, for adults, oseltamivir decreases the time to first 26 

alleviation of symptoms of influenza-like illness (ILI) by 16.8 hours (95% CI 8.4–25.1) and 17.8 hours 27 

(95% CI -27.1 to -9.3), respectively. The time to alleviation of all symptoms among the influenza-infected sub-28 

population was decreased by 25.2 hours (95% CI 16.0–36.2) in the Dobson et al. analysis.  29 

Additional analyses within the Jefferson et al. and Dobson et al. reviews documented a statistically significant 30 

reduction in patient-reported pneumonia, a reduction in lower respiratory tract infections and a decrease in hospital 31 

admissions following influenza diagnosis among oseltamivir-treated groups. The individual RCTs included in these 32 

meta-analyses were not, however, designed or powered to assess these severe clinical outcomes, thus limiting the 33 

quality of evidence on such outcomes.    34 

Observational studies have also indicated reductions in severe outcomes (patients receiving intensive care or cases 35 

of death). In the pooled individual data from the observational studies from the three pandemic waves of the 36 

influenza A(H1N1)pdm09 in 2009–2011, analysed by Muthuri et al. decreased mortality was shown to be 37 

associated with the use of neuraminidase inhibitors among hospitalised patients (OR 0.81; 95% CI 0.70–0.93). 38 

However, in this analysis, the researchers were able to access data from only 20% of the global sites that were 39 

identified to have done clinical research among hospitalised influenza patients during the pandemic, thereby 40 

limiting the power of the analysis but also raising questions about generalisability and selection bias.  41 

All three reviews point to the importance of initiating treatment early, ideally within 48 hours (within 36 hours in 42 

the case of zanamivir in children) of onset of symptoms. However, observational studies, including the analysis by 43 

Muthuri et al. indicate some mortality benefit for neuraminidase inhibitors (NAI) therapy started up to 4–5 days 44 

after symptom onset in hospitalised patients. 45 

With regard to prophylaxis, the review by Jefferson et al. assessing pre- or post-exposure prophylactic oseltamivir 46 

observed a 3.05% reduction in absolute risk for laboratory-confirmed influenza A among groups receiving 47 

oseltamivir in four RCTs (RR 0.45; 95% CI 0.30–0.67). The trials were conducted in ambulatory community 48 

members and nursing home residents. Assessing efficacy in a household setting Jefferson et al. report an absolute 49 

risk reduction of symptomatic influenza of 13.6% (RR 0.20; 95% CI 0.09–0.44). Similarly, Okoli et al. reported an 50 

association in an RCT between reduction in laboratory-confirmed influenza A(H1N1) infection and prophylactic 51 

treatment with oseltamivir (OR 0.11; 95% CI 0.06–0.20), and in four observational studies of zanamivir 52 

(0.23; 05% CI 0.16–0.35) [1]. No studies focusing on prophylaxis offered to healthcare workers or animal industry 53 

workers during seasonal or avian influenza exposure were identified.  54 
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The most commonly reported adverse effect was an increased risk of nausea and vomiting; Jefferson et al. 55 

reported the risk in adults receiving oseltamivir for vomiting (RR 2.43; CI 95% 1.75–3.38) and children 56 

(1.70; 95% CI 1.23–2.35), and Dobson et al. in adults (RR 2.43; 95% CI 1.83–3.23).  57 

Limitations were identified for all three systematic reviews and meta-analyses. The evidence on severe clinical 58 

endpoints provided by the two RCT reviews are limited by the very low frequency of these events in the outpatient 59 

populations under study, and the fact that the original trials were not designed to assess rare and severe 60 

outcomes. The observational studies are limited by low numbers of severe endpoints (hospitalisation, intensive 61 

care and mortality), the inherent problems of confounders, and lack of standardised study protocols.  62 

While the reviews considered for this Expert Opinion add to the evidence on the beneficial and adverse impacts of 63 

neuraminidase inhibitors, it is clear that further studies are needed to strengthen the evidence base overall, in 64 

particular for severe clinical end points and for individual risk groups (e.g. patients with asthma, chronic obstructive 65 

pulmonary disease (COPD), cardiovascular disease, or diabetes). This Expert Opinion provides an overview of 66 

ongoing efforts to strengthen the evidence base for current NAIs and possible new influenza antivirals. Research 67 

and development work is underway on new NAI formulations, several new antivirals, and various combination 68 

therapies with current and new antiviral drugs.  69 

This ECDC Expert Opinion confirms earlier assessments by ECDC and national authorities that there is no 70 

significant new evidence from RCTs to support any changes to the approved indications and recommended use of 71 

neuraminidase inhibitors in EU/EEA Member States. Recommendations to treat patients with severe influenza, or 72 

those at high risk of the complications of influenza, and provide prophylaxis to the most vulnerable and their 73 

families are based on the evidence from RCTs of a significant protective effect of antivirals against influenza, 74 

evidence from observational studies of protection against severe endpoints, extrapolation from studies suggesting 75 

suppression of virus excretion and a generally benign safety profile. These national recommendations are further 76 

supported by this review. This position is consistent with guidance from the World Health Organization (WHO) and 77 

many national public health organisations in Europe, North America, Southeast Asia, Australia, Japan and New 78 

Zealand.  79 

Available evidence provides support for the use of NAIs as prophylaxis and treatment and thus they can be 80 

considered a reasonable public health measure during seasonal influenza outbreaks, pandemics and zoonotic 81 

outbreaks caused by susceptible influenza virus strains. With respect to stockpiling of NAIs, evidence reviewed by 82 

the expert group support the practice to stockpile NAIs as part of country preparedness plans. However, this Expert 83 

Opinion did not consider other relevant issues such as cost-effectiveness, opportunity costs, strategies for 84 

protection of vulnerable subgroups or essential services, public perception of risks and benefits of the threat and 85 

the intervention, the methods available for a timely delivery of interventions, political and ethical issues. EU/EEA 86 

governments will have to take difficult policy decisions on preparedness plans based on incomplete evidence on 87 

upcoming threats and possible interventions to protect their populations, bearing in mind that the evidence base 88 

for NAIs should be strengthened and research focusing on new influenza antivirals should be supported to facilitate 89 

these decisions. 90 
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Background 91 

Seasonal influenza causes illness in 5–10% of the European population each year. Individuals of all age groups are 92 

affected, but rates of illness are highest among young children. During most influenza seasons, rates of serious 93 

illness and death are highest among children <2 years, individuals >65 years, and individuals at increased risk for 94 

complications from influenza due to chronic illnesses. Studies conducted during the 2009 influenza A(H1N1) 95 

pandemic indicate that morbidly obese persons (BMI ≥40) and pregnant women are also at greater risk for 96 

developing severe influenza disease. In addition, there are certain occupational groups at increased risk of 97 

acquiring zoonotic influenza, e.g. poultry and swine industry workers. 98 

Severe influenza disease may evolve following seasonal, zoonotic or pandemic influenza, and is often associated 99 

with high viral load. An acute influenza infection may be complicated by otitis media, sinusitis, viral and bacterial 100 

pneumonia, acute lung injury, myocarditis, pericarditis, septicaemia, encephalitis, and/or death. In addition, 101 

influenza disease may trigger worsening of chronic medical conditions present before acquiring the influenza 102 

infection, especially underlying cardiopulmonary conditions and diabetes, and increase the risk of complications 103 

such as cardiovascular events like myocardial infarction and stroke.  104 

Influenza viruses constantly change through two main mechanisms: 105 

 antigenic drift which is characterised by point mutations leading to minor and gradual antigenic changes in 106 

the surface haemagglutinin (HA) and neuraminidase (NA) proteins  107 

 antigenic shift caused by reassortment between human, avian and swine viruses and characterised by 108 

major antigenic changes in which a new HA with or without a new NA subtype is introduced into the human 109 

population.  110 

These changes, particularly those resulting from antigenic shift, can result in influenza strains that are 111 

immunologically distinct from the previously circulating strains, resulting in high infection rates in the 112 

immunologically naïve population, and may lead to the emergence of novel geographically localised influenza 113 

epidemics or pandemics (see Table 1).  114 

Table 1. Emergence of novel localised influenza infections/epidemics and pandemics in the 20th and 115 

21st centuries*  116 

Emergence (year) Influenza subtype Estimated global mortality 

2014 A(H7N9)avian >180 persons 

2009 A(H1N1)pdm09 123 000–203 000 (in 2009) 

2003 A(H7N7)avian 1 person 

1997 A(H5N1)avian >400 persons 

1977 A(H1N1) unknown 

1976 A(H1N1)swine 1 person 

1968 A(H3N2) 1 million 

1957 A(H2N2) 1.5million 

1918 A(H1N1) >50million 

*Excluding sporadic cases of zoonotic influenza by H3N2v, H5N8, H9N2, H10N8  117 

Due to the constant change of influenza viruses, susceptibility to antiviral drugs can change over time. Since there 118 

is geographic and seasonal variability of viral resistance and rapid changes may occur, viral susceptibility is 119 

continuously monitored in nine sentinel EU/EEA Member States (Austria, Finland, Germany, Ireland, Netherlands, 120 

Norway, Portugal, Spain, Sweden and the UK). 121 

Four licensed influenza antiviral agents are available in the European Union/European Economic Area (EU/EEA): 122 

amantadine, rimantadine, zanamivir and oseltamivir. However, currently circulating seasonal influenza A viruses are 123 

resistant (>99%) to the two first antiviral agents; amantadine and rimantadine, which are included in a class of 124 

drugs known as influenza NAI and are active against both influenza A and B viruses.  125 

In general, influenza viruses have been susceptible to the two NAIs available for treatment in the EU/EEA over the 126 

past ten years. However, during the 2007–2008 influenza season, an oseltamivir-resistant influenza A(H1N1) strain 127 

emerged in Europe [2] and was later detected throughout the world. This virus strain remained susceptible to 128 

zanamivir [3]. Fortunately, this resistant strain has not circulated worldwide since the 2009 influenza A(H1N1) 129 

pandemic virus became dominant. Based on an analysis of 11 387 influenza viruses circulating globally in 2012–130 

2013, the proportion of A(H1N1)pdm09, A(H3N2), B/Victoria- or B/Yamagata-lineage viruses with reduced or highly 131 

reduced susceptibility was low (1%, 0.4%, 1% and 0.3%, respectively) to one or more of the NAIs tested 132 

(oseltamivir, zanamivir, peramivir and laninamivir) [4]. Even in parts of Asia, e.g. Japan, where use of antivirals has 133 

been significantly greater than in the EU/EEA Member States, the level of antiviral resistance is low. The 134 

neuraminidase inhibitors peramivir and laninamivir are licensed in some non EU/EEA countries; and peramivir is 135 

also licensed for use in USA and Japan, and laninamivir in Japan.  136 
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Although influenza vaccination is viewed as the primary tool for the prevention of seasonal influenza disease, 137 

influenza antivirals are authorised in the European Union/European Economic Area (EU/EEA) for treatment and 138 

prophylaxis of influenza disease (including seasonal, pandemic and zoonotic influenza). All EU Member States 139 

recommend NAIs, in combination with clinical supportive care, for treatment of severe, complicated or progressive 140 

illness, or for patients at high risk of complications, irrespective of vaccination status. Furthermore, influenza 141 

antivirals are being used for treatment and prophylaxis of severe influenza disease caused by zoonotic influenza 142 

strains, especially if no vaccines are available [5].  143 

The use of oral inhalation powder zanamivir (Relenza) has been authorised through the mutual recognition 144 

procedure since 1999 in all EU/EEA Member States except Cyprus. Current European Medicines Agency/Committee 145 

for Medicinal Products for Human Use (EMA/CHMP) opinion is also permissive to the use of zanamivir as an 146 

intravenous infusion solution formulation for compassionate use programmes in the EU/EEA [6]. 147 

Use of oral oseltamivir (Tamiflu) has been centrally authorised by the European Commission since 2002 and 148 

available in all EU Member States [7]. Further, the first generic oseltamivir (Ebilfumin) was approved in 2014 via 149 

the centralised procedure[8,9]. For recommended dosage and schedule see Table 2. 150 

Table 2. Recommended dosage and schedule of neuraminidase inhibitors for treatment and 151 

chemoprophylaxis in the EU/EEA  152 

 Age recommendations (years) 

Antiviralʃ Indication 0–1 1–6 7–9 10–12 13–64 ≥65 

Oseltamivir* [7] [9] Treatment of 
influenza A 
and B§ 

Dose 
dependent on 
weight of 
childǂ 

Dose 
dependent on 
weight of 
child 

Dose 
dependent on 
weight of 
child 

Dose 
dependent on 
weight of 
child, if >40 
kg = adult 
dose 

75 mg twice 
daily 

75 mg twice 
daily 

Prophylaxis of 
influenza A 
and B§ 

Dose 
dependent on 
weight of 
childǂ 

Dose 
dependent on 
weight of 
child 

Dose 
dependent on 
weight of 
child 

Dose 
dependent on 
weight of 
child, if >40 
kg = adult 
dose 

75 mg once 
daily 

75 mg once 
daily 

Zanamivir**[10,11] Treatment of 
influenza A 
and B 

Not approved Not approved 
for age 1–4 
≥ 5 years of 
age 
10 mg (2 
inhalations) 
twice daily  

10 mg (2 
inhalations) 
twice daily 

10 mg (2 
inhalations) 
twice daily 

10 mg (2 
inhalations) 
twice daily 

10 mg (2 
inhalations) 
twice daily 

Prophylaxis of 
influenza A 
and B 

Not approved Not approved 
for age 1–4 
≥ 5 years of 
age  
10 mg (2 
inhalations) 
once daily.  

10 mg (2 
inhalations) 
once daily 

10 mg (2 
inhalations) 
once daily 

10 mg (2 
inhalations) 
once daily 

10 mg (2 
inhalations) 
once daily 

ʃTreatment should be initiated as soon as possible, preferably within 48 hours (oseltamivir- all age groups and zanamivir – 153 

adults), or 36 hours (zanamivir for children) from onset of symptoms. * 154 

Available in 30 mg, 45 mg and 75 mg tablets. An oral solution containing 6 mg/ml is available for individuals unable to take 155 

tablets. Note that dose reductions are indicated in setting of renal insufficiency.  156 

**Available as oral inhalation 5 mg/dose.  157 
§Treatment of suspected or confirmed influenza should be offered for 5 days or longer in severely ill, while duration of prophylaxis 158 

depends on setting and objective.  159 

National recommendations regarding influenza antiviral use are available in 24 EU/EEA Member States. These 160 

policies generally recommend use of antivirals for patients with severe or progressive influenza requiring 161 

hospitalisation. EU/EEA Member States recommend NAI use as treatment (14 Member States) or prophylaxis (9 162 

Member States) for residents of nursing homes or other long-term care facilities at risk of severe disease. A 163 

minority of EU/EEA Member States recommend use as treatment or prophylaxis for outpatients who may have a 164 

higher risk of severe outcomes of influenza (young children, elderly or individuals of any age with underlying 165 

chronic illnesses) [12].  166 

The European Surveillance of Antimicrobial Consumption Network (ESAC) collects information on use of 167 

neuraminidase inhibitors in EU/EEA Member States. Based on data from the network, significant variation in actual 168 

use of NAIs in different Member States can be observed (Figure 1).  169 
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Figure 1. Consumption of neuraminidase inhibitors (ATC group J05AH) in the community and hospital 170 

sector in Europe, by country (reporting year 2014).  171 

 172 

*Country provided only total care data 173 

Hungary and Luxembourg reported data to ECDC only for consumption in the community sector. 174 

The data indicate that neuraminidase inhibitors are used infrequently as a medical and public health 175 

countermeasure in many EU/EEA Member States. The underutilisation may be explained by the difficulty of a timely 176 

enough confirmation of an influenza diagnosis, as well as the limitations of the scientific evidence base on 177 

published efficacy and effectiveness. 178 

Many EU/EEA Member States maintain a stockpile of influenza antivirals as capsules or powder for use during 179 

influenza pandemics [13]. The rationale for this is based on the possibility of supply problems during a future 180 

pandemic and the need to protect the population or vulnerable population sub-groups, maintain essential services, 181 

or both during a pandemic. During the 2009 pandemic only some of the stockpiles were released for use in Europe, 182 

as the normal pharmaceutical supply chains worked sufficiently to cover the demand. The potency and stability of 183 

these drugs when maintained as emergency stockpiles is being tested regularly to ensure adequate and retained 184 

potency over the years. 185 

Request for ECDC Expert Opinion 186 

Neuraminidase inhibitors have been subject to debate concerning their safety, efficacy and effectiveness for 187 

treatment and prevention of seasonal influenza infections and its complications, as well as concerning the 188 

appropriateness of stockpiling these drugs for use in the next influenza pandemic. 189 

In 2013, the ECDC Advisory Forum requested an assessment of the evidence for use of antivirals in influenza 190 

outbreak settings, specifically during institutional outbreaks and new and emerging influenza virus outbreaks. In 191 

August 2014 the EU Health Security Committee requested a review of the evidence for stockpiling as part of 192 

pandemic preparedness. Given the recent publication of new systematic reviews of safety and efficacy assessed in 193 

randomised clinical trials, and effectiveness assessed in observational studies, ECDC convened a public health 194 

expert group to review the new evidence with the aim to develop an ECDC Expert Opinion.  195 
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Methods 196 

A consultation with European and international public health experts was convened to review data presented in 197 

newly conducted systematic reviews and meta-analyses regarding influenza antivirals, in order to develop an ECDC 198 

Expert Opinion. 199 

The objectives for the expert consultation were to: 200 

 review the new evidence base on safety, efficacy and effectiveness of influenza antivirals in the treatment 201 

and prophylaxis of influenza 202 

 consider the implications of the findings of the review for recommendations on the use of influenza 203 

antivirals, including stockpiling by EU/EEA Member States in pandemics 204 

 identify remaining gaps in the current knowledge base 205 

 provide recommendations for further public health research to strengthen the current evidence. 206 

Three large systematic reviews and meta-analyses assessing safety, efficacy and effectiveness of the two licensed 207 

neuraminidase inhibitors oral oseltamivir and inhaled zanamivir were reviewed; 208 

 The 2014 Cochrane report, by Jefferson et al. published on 10 April 2014 [14]. This report was summarised 209 

in two peer-reviewed articles: 210 

 Oseltamivir for influenza in adults and children: systematic review of clinical study reports and 211 

summary of regulatory comments published by Jefferson et al. April 9 [15]. 212 

 Zanamivir for influenza in adults and children: systematic review of clinical study reports and 213 

summary of regulatory comments published by Heneghan et al. April 9 [16]. 214 

 The 2015 MUGAS review: Oseltamivir treatment for influenza in adults: a meta-analysis of individual 215 

patient-level data from randomised controlled trials published by Dobson et al. on January 30 2015 [17]. 216 

 The 2014 PRIDE study: Effectiveness of neuraminidase inhibitors in reducing mortality in patients admitted 217 

to hospital with influenza A H1N1pdm09 virus infection: a meta-analysis of individual participant data 218 

published by Muthuri et al. on 19 March 2014 [18].  219 

Background documents, including links to the three meta-analyses, were distributed to experts in advance of 220 

the meeting. 221 

The experts reviewed the three systematic reviews and associated meta-analyses and identified additional studies 222 

to be included in the ECDC Expert Opinion for areas which were not sufficiently covered by these. 223 

The expert group consisted of ECDC Advisory Forum members, researchers, European public health experts, 224 

European regulatory experts and experts from North American public health organisations. (For a list of the experts 225 

please see the Acknowledgements.) All experts were informed that the views they expressed would be understood 226 

to reflect their personal opinions, and not the official opinions of their institutions or employers.  227 

The expert group was selected based on the following criteria: 228 

 experience in evaluating scientific evidence addressing antiviral safety, efficacy and effectiveness 229 

 experience in issuing national recommendations for antiviral use. 230 

To ensure transparency regarding the independence of experts and the resulting Expert Opinion, ECDC required all 231 

participants to submit a general Annual Declaration of Interest as well as a Specific Declaration of Interest for this 232 

expert group. All declarations were received prior to the meeting and reviewed by the Acting Head of the Influenza 233 

and other Respiratory Viruses Disease Programme and the ECDC Compliance Officer. Additionally, time was set 234 

aside at the beginning of the meeting for the experts to orally declare any additional interests not covered by the 235 

Declaration of Interest forms or provide additional information about their already declared interests. No additional 236 

oral declarations were made from the experts, and this was noted in the meeting minutes. 237 

Dr Hayden had declared, in writing, interests that could potentially cause a conflict of interest. These interests 238 

were considered to be of diverse nature and did not outweigh the benefits his experience could bring to the 239 

discussion. This existence of a potential conflict was disclosed to the meeting participants orally at the beginning of 240 

the proceedings. In addition, professors Monto and Nguyen-Van-Tam declared interests in writing; however, as they 241 

had been invited only to present their own studies and respond to clarifying questions, and did not participate in 242 

the drafting of the opinion on the second day of the meeting, these declared interests were considered not 243 

an issue. 244 

Before the meeting, ECDC also consulted the Advisory Forum members from the European countries with 245 

representatives in the expert group, to determine if there were any additional concerns around the selected group 246 

of experts. No objections on the composition of the expert group were raised by Advisory Forum members. 247 



 
 

 
 

SCIENTIFIC ADVICE Expert Opinion on Neuraminidase inhibitors for prevention and treatment of influenza 
 

 
 

7 

 
 

 

Lead researchers of the Cochrane review, the MUGAS review, and the PRIDE study were invited to present their 248 

findings. On the first day of the meeting, Prof. Arnold Monto presented the MUGAS study results, and Prof. 249 

Jonathan Nguyen-Van-Tam presented the PRIDE study results. The Cochrane group declined the invitation to 250 

present their review. The Cochrane results were therefore presented by ECDC staff at the meeting. Following 251 

respective presentation and a subsequent question and answer session, the researchers responsible for the 252 

systematic reviews to be evaluated left the expert meeting.   253 

In advance of the expert meeting, draft position statements were prepared by ECDC for consideration and 254 

discussion by the expert group. Minutes were taken of the discussion on the content of the Expert Opinion. ECDC 255 

experts then drafted the Expert Opinion, which was sent to the expert group for review. The final draft was shared 256 

with the ECDC Advisory Forum and is being made available for public consultation. 257 

The final document will include a section on the outcome of the public consultation, summarising in general terms 258 

the main issues arising from the consultation and how they are addressed in the document. Additionally, all 259 

submitted contributions from the public consultation will be published separately in order to share the results of the 260 

consultation in a transparent way.   261 
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Results and discussion 262 

General characteristics of the systematic reviews and 263 

meta-analyses reviewed by ECDC expert group  264 

Neuraminidase inhibitors for preventing and treating influenza in 265 

healthy adults and children – Jefferson et al. 2014  266 

In 2014, Jefferson et al. published a meta-analysis of study-level data gathered from reports of published and 267 

unpublished randomised, placebo-controlled trials and regulatory comments and presented the results in the 268 

Intervention Review ‘Neuraminidase inhibitors for preventing and treating influenza in healthy adults and children 269 

(Review)’ [14-16]. This is the fifth and most extensive review of NAIs by the Cochrane group. 270 

The review team identified study reports through trial registries, electronic databases and regulatory archives and 271 

corresponded with manufacturers to identify all randomised, placebo-controlled trials on adults and children with 272 

confirmed or suspected exposure to naturally circulating influenza. Many study reports had, until then, been 273 

confidential and available only to respective manufacturer and reviewing regulators. For inclusion, studies were 274 

evaluated for quality using CONSORT criteria, and risk of bias in each analyses was quantified using a Cochrane 275 

‘risk of bias’ tool. 276 

Data from 46 clinical trial study reports were analysed for time to first alleviation of symptoms, influenza outcomes, 277 

complications, hospitalisations and adverse events in the intention-to-treat (ITT) population. The analysis included 278 

20 studies which assess oseltamivir with 9 623 participants, and 26 studies which assess zanamivir with 14 628 279 

participants. Treatment effects of oseltamivir and zanamivir among influenza-infected, but otherwise healthy adults 280 

were studied in 11 RCTs and 14 RCTs respectively, and healthy children were studied in five and two RCTs 281 

respectively. Prophylaxis was assessed in five and ten RCTs that were included, respectively, for oseltamivir and 282 

zanamivir. The sample size ranged from 26 to 1406 participants per RCT. Some of the trial results were originally 283 

analysed together, hence there were eight analyses from the oseltamivir RCTs available for the meta-analyses. 284 

Jefferson et al. conclude that their confidence in the trials is limited due to their assessment that many of the 285 

included studies have a high risk for selection bias, used non-identical presentation of placebo, had evidence of 286 

selective reporting for both oseltamivir and zanamivir studies, and finally the placebo interventions may have 287 

contained active substances. Primary and secondary outcomes used in the trials are presented in Table 3. 288 

Table 3. Primary and secondary outcomes used in the 2014 analyses by Jefferson et al. 289 

Primary outcome measures for treatment studies 1. Symptom relief 
2. Hospitalisation and complications 
3. Harms 

Primary outcome measures for prophylaxis studies 1. Influenza (symptomatic and asymptomatic, always with 
laboratory confirmation) and influenza-like illness (ILI) 
2. Hospitalisation and complications 
3. Interruption of transmission (reduction of viral spread from index cases and 
prevention of onset of influenza in contacts) 
4. Harms 

Secondary outcome measures for treatment studies 1. Symptom relapse after finishing treatment 
2. Drug resistance 
3. Viral excretion 
4. Mortality 

Secondary outcome measures for prophylaxis studies 1. Drug resistance 
2. Viral excretion 
3. Mortality 

The RCT analyses included mainly previously healthy individuals, excluding people with illnesses with significant 290 

impact on the immune system (such as malignancy or HIV infection). However, subjects with other pre-existing 291 

chronic conditions, such as asthmatic children, were included in these clinical trials. Results were presented only for 292 

the intention-to-treat or safety populations, which will include a large portion of subjects who have influenza-like-293 

illness that is not caused by infection with influenza viruses. The authors propose that use of the ITT population is 294 

more appropriate for extrapolation to clinical practice and also because their 2012 review had reported a biased 295 

distribution of the influenza-infected individuals in treatment arms of the trials.  296 
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Oseltamivir treatment for influenza in adults: a meta-analysis of 297 

randomised controlled trials – Dobson et al. 2015 298 

In 2015, Dobson et al. published ‘Oseltamivir treatment for influenza in adults: a meta-analysis of randomised 299 

controlled trials’ [17]. 300 

This report is a meta-analysis of individual adult patient data from twelve randomised placebo-controlled clinical 301 

trials with a total of 4 328 participants using the dose of 75 mg twice a day. They report data on an intention to 302 

treat population (ITT) as well as on an intention to treat (influenza) infected population (ITT-I). 303 

In the ITT population, two thirds of the subjects had laboratory-confirmed influenza (66% in the oseltamivir arm, 304 

and 68% in the placebo arm). The primary outcome was time to alleviation of all symptoms assessed with the 305 

accelerated failure time method.  306 

A comparison of clinical trials included in the analyses by Jefferson et al. and Dobson et al. are presented in Table 307 

4. These meta-analyses included 11 RCT’s in common. The Jefferson meta-analysis was based on the results of six 308 

individual RCTs, and two sets of combined results, one for two RCT’s and one for three RCT’s. 309 

All were trials of oseltamivir as treatment of healthy adults, with Dobson et al. including one additional trial. 310 

Jefferson et al. also analysed results for zanamivir trials and for children. The methodology for the meta-analyses 311 

was similar, however Jefferson et al. focused on the intention-to-treat population (influenza-like-illness), while 312 

Dobson et al. focused on the intention-to-treat-infected population (laboratory-confirmed influenza). 313 

Table 4. Comparison of trials on treatment of adults included in the Jefferson et al. and Dobson et al. 314 

analyses 315 

Trial Number Jefferson et al.  Dobson et al.  

M76001 X X 

WV15670 X X 

WV15671 X X 

WV15707 X X 

WV15730 X X 

WV15812 X* X* 

WV15872 

WV15819 X** 
 

X** 
 WV15876 

WV15978 

JV15823***  X 

WV16277 X X 

*These trials were analysed together, hence the discrepancy between number of trials and analyses/studies in the main text. 316 

** These trials were analysed together, hence the discrepancy between number of trials and analyses/studies in the main text. 317 

***Trial excluded from Jefferson et al. analyses, because the full clinical study report was not available for assessment. 318 

Effectiveness of neuraminidase inhibitors in reducing mortality in 319 

patients admitted to hospital with influenza A (H1N1)pdm09 virus 320 

infection – Muthuri et al. 2014 321 

In 2014, Muthuri et al. published ‘Effectiveness of neuraminidase inhibitors in reducing mortality in patients 322 

admitted to hospital with influenza A(H1N1)pdm09 virus infection: a meta-analysis of individual participant 323 

data’ [18]. 324 

This study assembled published and unpublished clinical data from observational studies at 80 study centres 325 

worldwide on the association between use of neuraminidase inhibitors and mortality, for a meta-analysis of 326 

individual participant data from 29 234 patients (all ages) with laboratory-confirmed or clinically diagnosed 327 

pandemic influenza A(H1N1)pdm09 infection admitted to hospital in 78 study centres in 38 countriesi, between 328 

2 January 2009 and 14 March 2011, including the third pandemic wave of cases. 329 

Individual datasets were standardised before pooling for analysis and propensity scoring was used.  330 

 
                                                                    
i The centres were located in Austria, Argentina, Australia, Bangladesh, Brazil, Canada, China, Croatia, Denmark, Egypt, Finland, 

France, Germany, Greece, Hong Kong, India, Iran, Israel, Italy, Japan, Jordan, Lithuania, Mexico, Mongolia, Morocco, 

Netherlands, Norway, Poland, Saudi Arabia, Serbia, Singapore, Slovenia, South Africa, Spain, Switzerland, Turkey, United 

Kingdom, United States 
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The primary outcome was mortality, defined as death occurring during admission to hospital or individual study 331 

follow-up period for the generalised linear mixed regression models, and as death occurring within 30 days of 332 

illness onset in the Cox regression models. 333 

The use of neuraminidase inhibitors was defined and compared in the following manner:  334 

 neuraminidase inhibitor (at any time) versus none  335 

 early neuraminidase inhibitor treatment (starting ≤2 days from onset of symptoms) versus later (starting 336 

>2 days from onset of symptoms) 337 

 early neuraminidase inhibitor treatment versus none  338 

 later neuraminidase inhibitor treatment versus none.  339 

Adjustments were done for propensity score for the likelihood of neuraminidase inhibitor treatment, and for 340 

corticosteroid and antibiotic treatment. 341 

Additional publications reviewed 342 

The following reviews and studies were reviewed at the proposal of the invited experts:  343 

 A systematic review of systematic reviews by Michiels et al. [19] 344 

 A systematic review and meta-analysis of observational studies of severe outcomes and mortality among 345 

hospitalised patients by Muthuri et al. [20] 346 

 Antiviral drugs for the treatment of influenza: a systematic review and economic evaluation by Burch et al. 347 

[21] 348 

 A systematic review and meta-analysis of individual and household transmission studies by Okoli et al. [1] 349 

 A systematic review of observational studies by Hsu et al. [22] 350 

 Freemantle and Calvert reviewed nine post-marketing studies on oseltamivir [23] 351 

 The 2009 pandemic influenza A (H1N1) in pregnancy: a systematic review of the literature 352 

(Mosby et al.) [24] 353 

 Two randomised placebo-controlled studies conducted in children and adolescents, not included in the 354 

Jefferson et al. analysis [25,26] 355 

 One observational study among hospitalised children by Louie et al. [27]  356 



 
 

 
 

SCIENTIFIC ADVICE Expert Opinion on Neuraminidase inhibitors for prevention and treatment of influenza 
 

 
 

11 

 
 

 

Treatment of outpatients 357 

Safety 358 

The Expert Group concluded that on the basis of their review of the evidence presented, oseltamivir or zanamivir 359 

use was not associated with an increase in serious adverse events or events leading to withdrawal from treatment 360 

or prophylaxis among previously healthy adults or children [14,17].  361 

Adults 362 

Oseltamivir is associated with an increased absolute risk of 3.66% for nausea (RR 1.57; CI 1.14–2.15 in the 363 

Jefferson et al. analysis and RR 1.60; 95% CI 1.29–1.99 in the Dobson et al. analysis) and 4.56% for vomiting 364 

(RR 2.43; 95% CI 1.75–3.38 in the Jefferson et al. analysis, and RR 2.43; 95% CI 1.83–3.23 in the Dobson et al. 365 

analysis) among adults in the RCTs [14]. 366 

Cardiovascular events and gastrointestinal events can occur as both an adverse event from medication but also as 367 

complications or symptoms of influenza infection. In the Jefferson et al. analysis, oseltamivir use was associated 368 

with a decrease in ‘cardiac body system adverse events’ (RR 0.49; 95% CI 0.25–0.97) and a decrease in risk of 369 

diarrhoea (RR 0.67; 95% CI 0.46–0.98). 370 

Zanamivir appears to be associated with a decreased risk of nausea and vomiting in adults, when used as 371 

treatment (RR 0.60; 95% CI 0.39-0.94) [14].  372 

Children  373 

In trials with children the risk of vomiting was increased when using oseltamivir, and the relative risk was of a 374 

similar magnitude as for the adults (RR 1.70; 95% CI 1.23–2.35) [14]. Significant effects of similar magnitude were 375 

also seen in the two RCTs not included in the Jefferson et al. or Dobson et al. analysis [25,26]. In another 376 

Cochrane review by Wang et al. published in 2012, vomiting was more commonly associated with oseltamivir 377 

(number needed to harm = 17; 95% CI 10–34) [28]. No similar effect was observed for zanamivir.  378 

Efficacy 379 

Results for treatment efficacy from the Jefferson et al. and Dobson et al. meta-analyses are collated in Table 6. 380 

Neuraminidase inhibitors treatment does not show any efficacy in those with ILI due to pathogens other than 381 

influenza virus (non-influenza ILI) [14].  382 

Alleviation of symptoms 383 

Adults  384 

Jefferson et al. and Dobson et al. conclude that, for adults (ITT population), oseltamivir decreases the time to first 385 

alleviation of symptoms of influenza-like illness (ILI) by 16.8 hours (95% CI 8.4–25.1) and 17.8 hours 386 

(95% CI -27.1 to -9.3), respectively [14,17]. The time to alleviation of all symptoms among the influenza-infected 387 

(ITTI) sub-population was decreased by 25.2 hours (95% CI 16.0–36.2) in the Dobson et al. analysis. The effect of 388 

oseltamivir on symptom duration appears to be slightly attenuated among the elderly or patients with pre-existing 389 

chronic illnesses [17]. 390 

Zanamivir reduced time to first alleviation of ILI symptoms by 14.4 hours (95% CI 9.36–19.44) in adults [14]. 391 

Children  392 

In one RCT, included by Jefferson et al. among previously healthy children given oseltamivir, symptom duration was 393 

decreased by 29 hours (95% CI 12–47) in the ITT population [14]; no effect was seen in the ITT population in the 394 

two RCTs that included asthmatic children. Subsequently published RCTs have found a 2.8 day (p<0.001) decrease 395 

in time to resolution of all symptoms among children younger than three years who received oseltamivir within 24 396 

hours from onset of symptoms in the ITT-I population [26] and a one day (p=0.01) decrease in median duration of 397 

major symptoms among children and adolescents irrespective of the starting time of treatment [25]. In the latter 398 

trial, only results for ITT-I populations were reported, and the treatment and placebo arms had very different rates 399 

of influenza, which, according to the authors, gives cause for concern over the randomisation process. 400 

In the Jefferson et al. review no significant effect of zanamivir use on symptom duration in children was seen: time 401 

to first alleviation of symptoms was 1.08 days lower in the zanamivir group (95% CI 2.32 lower to 0.15 days 402 

higher). 403 

In another Cochrane review by Wang et al. published in 2012, oseltamivir reduced duration of illness in laboratory-404 

confirmed influenza in children by a median of 36 hours (26%, p<0.001) [28]. Oseltamivir significantly reduced 405 

acute otitis media in children 1–5 years of age with laboratory-confirmed influenza (risk difference -0.14; 406 

95% CI -0.24 to -0.04). In children with oseltamivir-resistant influenza, Laninamivir octanoate 20 mg reduced 407 

symptoms by 2.8 days (60%, p<0.001). Further, zanamivir reduced median duration of illness by 1.3 days 408 

(24%, p<0.001).  409 
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Risk groups 410 

Burch et al. reviewed the evidence of efficacy of oseltamivir (six trials) and zanamivir (nine trials) in reducing 411 

symptom duration, time to returning to normal activity and adverse events among risk groups (children with co-412 

morbid conditions, the elderly, or a population specifically described as at risk in separate trial or as part of a 413 

mixed-population trial (see Table 5) [29]. The authors observed an overall reduction in the median time to 414 

symptom alleviation in healthy adults by 0.57 days (95% CI -1.07 to -0.08; p=0.02; 2 701 individuals) with 415 

zanamivir, and 0.55 days (95% CI -0.96 to -0.14; p=0.008; 1 410 individuals) with oseltamivir. In those at risk, the 416 

median time to symptom alleviation was reduced by 0.98 days (95% CI -1.84 to -0.11; p=0.03; 1 252 individuals) 417 

with zanamivir, and 0.74 days (95% CI -1.51 to 0.02; p=0.06; 1 472 individuals) with oseltamivir. Oseltamivir use 418 

was not consistently associated with decrease in time to return to normal activity in the ITT or ITT-I populations. 419 

However, these results were sensitive to exclusion of one trial from the pooled analysis.  420 

Zanamivir use was associated with a decrease in symptom duration but not with time to return to normal activity in 421 

both ITT and ITT-I populations.  422 

Among the elderly (65 years or older), there was no evidence of efficacy of oseltamivir (three studies) and 423 

zanamivir (five studies) in reducing symptoms duration, time to return to normal activity and adverse events in the 424 

ITT or ITT-I populations except for time to return to normal activity in the oseltamivir trials (ITT): -98.07 hours 425 

(95% CI -170.98 to -25.16) [29]. 426 

The number of study subjects and events were small in these trials and sub-analyses of larger trials. 427 

Lower respiratory tract disease or pneumonia 428 

Although influenza, due to the large numbers affected each year, causes large numbers of pneumonia cases, 429 

pneumonia is still a relatively infrequent outcome of seasonal influenza infection among the general population. 430 

The study population sizes in the RCTs reviewed by Jefferson et al. and Dobson et al. were based on study designs 431 

not primarily aiming to assess the impact of treatment on the risk of pneumonia as an outcome in primary 432 

healthcare. Therefore the power to detect such associations in these trials is generally low. However, some of the 433 

RCTs were designed to prospectively collect data under blinded conditions on antibiotic use for clinically diagnosed 434 

lower and upper respiratory tract complications as a secondary outcome.  435 

Adults 436 

In the Cochrane analysis of the RCTs, oseltamivir use as treatment was associated with a 1% absolute rate 437 

reduction in pneumonia that was neither radiologically nor microbiologically confirmed (RR 0.55, 95% CI 0.33–0.90 438 

[14], ITT population; and RR 0.40, 95% CI 0.19–0.84 [17], ITT-I population). Unfortunately, no radiological or 439 

microbiological diagnosis was documented for pneumonia in most of the original trials. The effect was similar, 440 

though no longer statistically significant, in a sub-analysis of the two studies with more specific data on pneumonia 441 

signs and symptoms recorded (RR 0.69; 95% CI 0.33–1.4) [14]. This finding is supported by the analysis by 442 

Dobson, et al. of lower respiratory tract complications (pneumonia, bronchitis or unspecified lower respiratory tract 443 

infections) leading to antibiotics 48 hours or more after randomisation in the studies [17]. The oseltamivir treated 444 

groups of adults with influenza (ITT-I population) had a 3.8% absolute rate reduction (RR 0.56; 95% CI 0.42–0.75) 445 

of such complications as compared to the placebo treated groups. However, this effect does not appear to be as 446 

large in a subgroup analysis of the high-risk groups (≥65 years; in chronic illness trial; or chronic obstructive 447 

airways disease at baseline; RR 0.70; 95% CI 0.49–0.98). 448 

Adults using zanamivir have a 1.8% absolute risk reduction of bronchitis compared to those on placebo 449 

(RR 0.75; 95% CI 0.61–0.91). Zanamivir was not shown to be associated with decreases in unconfirmed or 450 

confirmed pneumonia in adults, although the number of events was very low in these studies [14] .   451 

Children  452 

In the three RCTs including children reviewed by the Jefferson et al. group, no statistically significant effect of 453 

oseltamivir on otitis media or bronchitis was seen, (RRs of 0.8 (95% CI 0.62–1.02) and 0.65 (95% CI 0.27–1.55), 454 

respectively) [14]. In one additional Cochrane review by Wang et al. published in 2012, pooling data from two 455 

RCTs by Heinonen et al. and clinical trial data (Roche, WV15758 ) resulted in statistically significant reductions in 456 

otitis media with oseltamivir treatment in children aged 1–5 years (RD -0.14, 95% CI -0.24 to -0.04) 457 

and 1-12 years (RD -0.09, 95% CI -0.16 to -0.03) [28].  458 

In two RCTs, no effect of zanamivir on pneumonia or bronchitis was seen among children [14]. 459 
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Table 5. Clinical groups deemed to be at risk of developing influenza-related complications [28] 460 

Clinical risk category Examples 

Chronic respiratory disease, 
including asthma 

• Chronic obstructive pulmonary disease, including chronic bronchitis and 
emphysema, and such conditions as bronchiectasis, cystic fibrosis, interstitial lung 
fibrosis, pneumoconiosis and bronchopulmonary dysplasia 

• Asthma requiring continuous or repeated use of inhaled or systemic steroids, or 
with previous exacerbations requiring hospital admission 

• Children who have previously been admitted to hospital for lower respiratory tract 
disease 

Chronic heart disease • Congenital heart disease 
• Hypertension with cardiac complications 
• Chronic heart failure 
• Individuals requiring regular medication and/or follow-up for ischaemic heart 

disease 

Chronic renal disease • Nephrotic syndrome 
• Chronic renal failure 
• Renal transplantation 

Chronic liver disease • Cirrhosis 
• Biliary atresia 
• Chronic hepatitis 

Diabetes requiring insulin or oral 
hypoglycaemic drugs 

• Type 1 diabetes 
• Type 2 diabetes requiring oral hypoglycaemic drugs 

Immunosuppression • Due to disease or treatment 
• Asplenia or splenic dysfunction 
• Human immunodeficiency virus (HIV) infection at all stages 
• Patients undergoing chemotherapy leading to immunosuppression 
• Individuals on or likely to be on systemic steroids for more than a month at a dose 

equivalent to prednisolone at ≥20 mg per day (any age), or for children less than 
20 kg in weight a dose of ≥1 mg/kg per day 

• Some immunocompromised patients may have a suboptimal immunological 
response to the vaccine 

Hospitalisations 461 

Hospitalisation is a relatively uncommon outcome of seasonal influenza infection in the general population (<1% of 462 

influenza infected individuals), and the RCTs reviewed by Jefferson et al. and Dobson et al. were not designed to 463 

provide a robust assessment of the impact of treatment in outpatient settings on hospitalisation, although 464 

hospitalisations were recorded prospectively. Therefore the power to detect such potential effects in these studies 465 

is low.  466 

In the Jefferson et al. analysis of the safety populations, no effect on hospital admissions was seen among adults 467 

or children (ITT population) [14]. In the Dobson et al. individual patient data meta-analysis from RCTs, laboratory-468 

confirmed adult influenza patients treated with oseltamivir had a 1.1% absolute risk 469 

reduction (RR 0.37; 95% CI 0.17–0.81) in all-cause hospitalisations [17]. This effect is attenuated, and no longer 470 

significant (RR 0.61; 95% CI 0.36–1.03) in the intention-to-treat population. 471 

No RCTs have adequately investigated the effect of inhaled zanamivir on hospitalisations. 472 

Effectiveness  473 

None of the systematic reviews, and meta-analyses reviewed above and during the expert consultation included 474 

earlier observational studies on treatment effectiveness in outpatients who had medically attended illness during 475 

the influenza season. 476 

Risk groups or people with pre-existing medical conditions 477 

Several observational studies on outpatients have been published, mainly including individuals with chronic 478 

conditions. For example, Orzeck et al. assessed effectiveness of oseltamivir in a retrospective cohort study in 479 

patients 18 years or over with diabetes (n=9 090) [30]. Clinical outcomes assessed were occurrence of pneumonia, 480 

other respiratory conditions, and otitis media within 14 days after onset of influenza. Patients receiving oseltamivir 481 

had a 17% reduction in the risk of respiratory illnesses (RR 0.83; 95% CI 0.73–0.93) and a 30% reduction in the 482 

risk of hospitalisation for any reason (RR 0.70; 95% CI 0.52–0.94). Casscells et al. also assessed oseltamivir 483 

treatment in patients 18 years or over with an already known cardiovascular disease [31]. The incidence of 484 

recurrent cardiovascular events within 30 days after the influenza diagnosis was significantly reduced 485 

(OR 0.42; 95% CI 0.35–0.50) in the treatment group. Further, the effect of oseltamivir treatment on the risk of 486 

stroke in patients 18 years or over after influenza infection was assessed by Madjid et al. in a retrospective cohort 487 

study [32]. Oseltamivir treatment was associated with a 28% overall reduction across age groups at risk of 488 

stroke/transient ischemic attack in the six months after a diagnosed influenza (HR 0.72; 95% CI 0.62–0.82), while 489 

a 51% reduction was seen among those 65 years of age or over one month after influenza. 490 
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Treatment of inpatients 491 

Safety 492 

No RCTs have been conducted to investigate the safety of treatment with oseltamivir or inhaled zanamivir in those 493 

hospitalised with laboratory-confirmed influenza. 494 

Efficacy 495 

No RCTs have been conducted to evaluate the effect of treatment of laboratory-confirmed influenza with 496 

oseltamivir or inhaled zanamivir on the outcomes, and death among hospitalised patients. 497 

Effectiveness 498 

The current evidence reviewed by the expert group included new data from a large meta-analysis of individual 499 

patient data from observational studies during the 2009–2010 influenza A H1N1 pandemic conducted by Muthuri et 500 

al. (2014) to assess the association between neuraminidase inhibitors and mortality in patients influenza 501 

A(H1N1)pdm09 virus infection. Further analyses are expected from this work by Muthuri et al. on effects on 502 

pneumonia and length of hospital stay.  503 

Pneumonia 504 

In a previous 2013 meta-analysis of observational studies made during or after the 2009 pandemic, Muthuri et al. 505 

reported that NAI treatment (mostly oseltamivir) was associated with an increased risk of pneumonia diagnosis 506 

(OR 2.29; 95% CI 1.16–4.53), most probably reflecting the increasing propensity to treat individuals with severe or 507 

rapidly worsening illness. Patients treated early (before 48 hours) had a lower risk of pneumonia when compared 508 

with patients treated late (OR; 0.35 95% CI 0.24–0.50). Patients treated early had a non-significantly lower risk of 509 

pneumonia than patients receiving no NAIs (OR 0.73; 95% CI 0.27–2.02).  510 

Severe outcomes 511 

In the previous meta-analyses by Muthuri et al. (2013) the evidence from observational studies on severe 512 

outcomes (patients hospitalised with influenza A(H1N1)pdm09 virus infection and receiving critical care or cases of 513 

death) was reviewed [20]. NAI treatment was associated with an increase of severe outcomes in a pooled analysis 514 

of 24 studies, when compared with no NAI treatment (OR 1.76; 95% CI 1.22–2.54). This observation again 515 

probably reflects the increased propensity to treat individuals with severe illness with NAIs. Early NAI treatment 516 

compared with late (24 studies) significantly reduced the likelihood of a severe outcome 517 

(OR 0.41; 95% CI 0.30-0.56), and pre-admission NAI use significantly reduced severe outcomes 518 

(OR 0.51; 95% CI 0.29–0.89).  519 

Mortality 520 

In the individual patient level meta-analysis done by Muthuri et al. (2014) in patients hospitalised with influenza 521 

A(H1N1)pdm09 virus infection, decreased mortality was associated with the use of NAIs among hospitalised 522 

patients (OR 0.81; 95% CI 0.70–0.93) [18]. Among adults, treatment was associated with a 25% reduction in 523 

likelihood of death, irrespective of the timing of treatment (OR 0.75; 95% CI 0.64–0.87); among children under the 524 

age of 16, a similar association was observed but the reduction was not significant (OR 0.82; 95% CI 0.58–1.17). 525 

Similar results were observed when restricting the analysis to adult critical care patients 526 

(OR 0.72; 95% CI 0.56-0.94) and pregnant women (OR 0.46; 95% CI 0.23–0.89). Late treatment (started after 48 527 

hours of symptom onset) was associated with reduced risk of death only among adult critical care patients 528 

(OR 0.65; 95% CI 0.43-0.93).   529 

For patients for whom exact timing of NAI treatment from symptom onset was available, when antiviral use was 530 

modelled as a time-dependent covariate to overcome potential immortal time bias (i.e. survivor bias), NAI 531 

treatment was significantly associated with decreased hazard rate of mortality within 30 days of illness onset 532 

(adjusted HR 0·51 [95% CI 0·45–0·58], p<0·0001) as compared with no antiviral treatment. Among treated cases, 533 

there was an increase in the hazard with each day’s delay in initiation of treatment up to day five as compared with 534 

treatment initiated within two days of symptom onset (HR 1.23 [95% CI 1.18–1.28], p<0·0001 for the increasing 535 

HR with each day’s delay). The unadjusted and adjusted survival curves comparing survival by time to treatment 536 

initiation are shown in Figure 2. 537 
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Figure 2. Survival by time to treatmenti  538 

 539 

HR=hazard ratio. NAI=neuraminidase inhibitor. *Cox regression shared frailty model (adjusted for treatment propensity and in 540 

hospital steroid or antibiotic use) [18].  541 

One observational study published in late 2013 on hospitalised children with laboratory-confirmed influenza 542 

infection analysed whether treatment with neuraminidase inhibitors improved survival of critically ill children aged 543 

0–17 years [27]. In a multivariate model that included mechanical ventilation and other factors associated with 544 

disease severity, the estimated risk of death was reduced in NAI-treated individuals (OR 0.36; 95% CI 0.16–0.83) 545 

compared to patients without treatment. In addition, treatment within 48 hours from onset of symptoms was 546 

associated with improved survival (p=0.04). 547 

Severe outcomes in pregnant women 548 

Pregnancy is a known risk factor for severe influenza disease, as also noted for the 2009 influenza A(H1N1)pdm09 549 

pandemic, and a systematic review published by Mosby et al in 2011 was drawn to the attention of the group by 550 

one of the experts [24]. This systematic review identified five observational studies, in which neuraminidase 551 

inhibitors administered within 48 hours from onset of symptoms compatible with influenza, conferred decreased 552 

risk of severe disease [24]. No meta-analysis was conducted, but in the identified studies Louie et al. in 2010 553 

reported an increased risk of being admitted to the intensive care unit (ICU) or to die if treatment was initiated 554 

later than 48 hours from onset of symptoms (RR 4.3 95% CI 1.4–13.7) [33]. Creanga et al. reported 3.3% of 555 

pregnant women who received oseltamivir treatment within two days of symptom onset had severe illness 556 

compared with 21.4% and 44.4% pregnant women who started treatment three to four days and five days, 557 

respectively or more after symptom onset (P=.002 for trend) [34]. Siston et al. reported that pregnant women who 558 

had treatment initiated more than four days from onset of symptoms were more likely to be admitted to the ICU 559 

(RR 6.0 05% CI 3.5–10.6) [35].  560 

 
                                                                    
i Reprinted from The Lancet Vol 2 (5), Muthuri SG, Venkatesan S, Myles PR, Leonardi-Bee J, Al Khuwaitir TS, Al Mamun A, 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. The Lancet Respiratory medicine. 395-404., 2014 May; with permission 

from Elsevier. 
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Post-exposure prophylaxis  561 

Prophylaxis with NAIs can be provided pre- or post-exposure to influenza disease. If used post exposure, it needs 562 

to be administered early given the short incubation period (one to four days, average two days) for influenza 563 

infections. Post-exposure prophylaxis is typically used for a total of no more than 10 days after the most recent 564 

known exposure to a close contact with confirmed influenza.  565 

Safety 566 

Adults  567 

Based on the Jefferson et al. report, in prophylaxis trials, in addition to nausea and vomiting, the analysis found 568 

that oseltamivir was associated with a 3.16% increased absolute risk of headaches (RR 1.18; 95% CI 1.05–1.33), 569 

and an increased risk in miscellaneous ‘neurological events’ (RR 1.21; 95% CI 1.03–1.42) [14]. 570 

In prophylaxis trials, zanamivir use was not associated with any increases in adverse events [14] . 571 

Children  572 

No significant overall drug-related or serious adverse effects could be found in pooled results from treatment and 573 

prophylaxis trials [19]. 574 

Efficacy  575 

In another Cochrane review by Wang et al. published in 2012, prophylaxis with either zanamivir or oseltamivir were 576 

associated with an 8% (95% CI -0.12 to -0.05; p<0.001) absolute reduction in risk of developing influenza after 577 

the introduction of a case into a household [28]. 578 

Furthermore, based on a meta-analysis of RCTs and observational studies, a statistically significant negative 579 

association between individual pre- or post-exposure prophylactic use of oseltamivir and laboratory-confirmed 580 

influenza A(H1N1) infection compared to placebo was observed by Okoli et al. (OR 0.11; 95% CI 0.06–0.20) [1]. 581 

Household settings 582 

The Jefferson et al. review refers to only one RCT assessing efficacy of oseltamivir as household prophylaxis. In 583 

this trial of 405 people, the absolute risk reduction of symptomatic influenza was 13.6% 584 

(RR 0.20; 95% CI 0.09-0.44) among household members given oseltamivir as compared to household members 585 

given placebo. One open-label RCT, not included in the Jefferson et al. review found protective efficacy of 78.8% 586 

(95% CI 40.6–92.3) in households with an influenza-positive index case [1]. A meta-analysis of these two trials 587 

yields a pooled OR of 0.23 (95% CI 0.09–0.59). 588 

In a meta-analysis of two RCTs studying zanamivir use as prophylaxis, Okoli et al. found an OR of 0.18 589 

(95% CI 0.10–0.31) favouring zanamivir use [1].  590 

Healthcare workers 591 

No studies were identified assessing efficacy or effectiveness of NAIs among healthcare workers following either 592 

seasonal influenza or avian influenza exposure or during outbreaks.  593 

Effectiveness  594 

Individuals 595 

Okoli et al. report a negative association between individual prophylactic use of zanamivir and risk of 596 

laboratory-confirmed influenza in four studies (OR 0.23; 95% CI 0.16–0.35) [1].  597 

Household transmission 598 

One observational study reviewed by Okoli et al. suggests a protective effect of 42% (95% CI 27–56) for 599 

households where the index case is treated with either oseltamivir or zanamivir [1].  600 

Finally, in one observational study of 1 547 households, treatment of the index case showed 42% 601 

(95% CI 14-62%) protection against secondary cases in the household if the index case was treated within 24 to 602 

48 hours of onset of symptoms [36].  603 

Institutional settings or long-term care facilities 604 

Michiels et al. reviewed one outbreak control study, which found no significant evidence of efficacy of zanamivir as 605 

prophylaxis in a long-term care facility for the elderly [19]. Gravenstein et al. found zanamivir more effective than 606 

rimantadine as prophylaxis in one RCT done among nursing home residents (n=482) over three seasons [37]. 607 

One study among school children found post-exposure prophylaxis with oseltamivir to be associated with an 608 

absolute risk reduction of 12.1% (efficacy 64%; 95% CI 16–85) [19]. 609 

Poultry and swine industry workers 610 

No randomised placebo-controlled trials on poultry and swine industry workers were identified. An observational 611 

study in an outbreak setting during the 2003 influenza A(H7N7) outbreak in the Netherlands observed a protective 612 

effect of ≈79% (95% CI 40%–97%) of oseltamivir against influenza-associated conjunctivitis [38].  613 
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Pre-exposure and seasonal prophylaxis  614 

Pre-exposure prophylaxis can be offered for a short period of time, if known exposure is expected; it can also be 615 

offered for a whole influenza season. There is no agreed definition and time period for prophylaxis during the 616 

influenza season. Regimens as long as 28 days for zanamivir, and 16 weeks for oseltamivir, have been studied and 617 

well tolerated [39]. Failure to complete prophylaxis may be greater in children because of nausea and 618 

stomach discomfort.  619 

Safety 620 

No increase in risk of severe adverse events were reported in five prophylaxis trials including 2 000 adults on 621 

oseltamivir prophylaxis, or in 10 trials including 2 301 adults on zanamivir prophylaxis [14].  622 

Efficacy  623 

Healthy adults 624 

The analysis done by Jefferson et al. suggests seasonal prophylaxis with oseltamivir use is associated with an 625 

absolute risk reduction of 3.05% (RR 0.45; 95% CI 0.30–0.67) in the development of symptomatic influenza [14]. 626 

No statistically significant effect of oseltamivir was reported on rates of bronchitis (RR 0.75; 95% CI 0.56–1.01,) or 627 

hospitalisations (RR 0.92; 95% CI 0.57–1.50). 628 

In the meta-analysis by Okoli et al. of the four RCTs studying the prophylactic efficacy of zanamivir against 629 

laboratory-confirmed seasonal influenza at the individual level, an OR of 0.23 (95% CI 0.16-0.35) was obtained. 630 

In a randomised placebo-controlled trial in vaccinated frail older people, pre-exposure prophylaxis was tested in a 631 

once-daily dose of 75 mg oral oseltamivir for six weeks against laboratory-confirmed (virus-culture) clinical 632 

influenza [40]. Oseltamivir resulted in a 92% reduction in the incidence of laboratory-confirmed influenza 633 

compared to placebo (p=0.002). 634 

Children 635 

No trials or studies on seasonal prophylaxis among healthy children were identified in the reviews [1,15,19]. 636 

Immunocompromised individuals  637 

A recently published randomised, double-blind, placebo-controlled trial also provides evidence to support the use of 638 

seasonal prophylaxis in transplant recipients. In this trial, kidney, liver, kidney-liver, and hematopoietic stem cell 639 

transplantation (HSCT) patients were given 12 weeks of oseltamivir 75 mg QD (or the renal function adjusted 640 

equivalent) or placebo[41] [42]. Although the trial failed to demonstrate superiority of the intervention for the 641 

primary endpoint, laboratory-documented symptomatic influenza infection, most patients with laboratory-proven 642 

influenza did not present with signs or symptoms of infection. There was a statistically significant reduction in the 643 

frequency of culture (0.4% versus 3.8%; 88% protective efficacy) or RT-PCR (1.7% versus 8.4%; 74.9% 644 

protective efficacy) proven influenza in favour of seasonal prophylaxis. 645 

Effectiveness  646 

Healthy adults  647 

According to the review by Michiels et al. oseltamivir used as seasonal prophylaxis is associated with an absolute 648 

risk reduction of influenza infection by 3.6% (efficacy 76%; 95% CI 42–90) among healthy adults, and zanamivir is 649 

associated with an absolute risk reduction of 4.1% (efficacy 68%; 95% CI 37–83) [19].  650 

Prophylactic zanamivir is associated with a 1.98% absolute risk reduction in symptomatic influenza 651 

(RR 0.39;95% CI 0.22–0.70) [14]. Prophylactic zanamivir use also reduces the absolute risk of pneumonia by 652 

0.32% (RR 0.30; 95% CI 0.11–0.80) but does not appear to have a significant effect on the risk of bronchitis 653 

(RR 0.49; 95% CI 0.20–1.19).  654 

Individuals at risk and elderly 655 

Only one RCT was identified assessing the effect of oseltamivir and zanamivir in people at risk of severe influenza 656 

complications [19]. Seasonal oseltamivir use reduced the absolute risk of developing symptomatic influenza 657 

infections by 1.2% (efficacy 92%; 95% CI 37-99) among elderly at-risk subjects.  658 

Seasonal zanamivir use was associated with an absolute risk reduction of 4.0% (efficacy 83%; 95% CI 56–93) 659 

among at-risk adults and children.  660 

One outbreak study assessing effectiveness among elderly in long-term care found no evidence of effectiveness 661 

of zanamivir [19] . 662 

663 
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Limitations in evidence base 664 

Randomised, double-blinded placebo-controlled clinical trials are generally considered the gold standard for 665 

evidence when evaluating public health or medical interventions as this methodology, when appropriately 666 

implemented, reduces the risk of bias. Such studies are generally required for the approval of agents for the 667 

prophylaxis or treatment of influenza. Despite this, there are still often outstanding questions important to 668 

clinicians treating their patients, and for public health experts issuing recommendations on the use of antivirals, 669 

that have not been investigated in the formal pre-authorisation trials. In this situation, recommendations need to 670 

be based on extrapolation and supported by available data from observational studies, which may be the only data 671 

available. In this context it is notable that the Cochrane collaboration recently decided to create a working group to 672 

develop standards to assess observational studies in addition to randomised clinical trials. This will guide 673 

investigators of observational studies to ensure that study protocols are scientifically sound with appropriate 674 

endpoints and analysis plans. 675 

The randomised placebo-controlled trials assessed for this Expert Opinion on use of neuraminidase inhibitors for 676 

treatment and prevention of influenza were neither designed nor statistically powered to provide evidence for the 677 

more infrequent severe clinical endpoints (e.g. hospitalisations, mortality). The pivotal trials on neuraminidase 678 

inhibitors were designed to provide the evidence necessary for registration, rather than to answer all questions 679 

relevant for clinical and public health use. In the randomised placebo-controlled trials, as has been noted in the 680 

review by the Expert group, study subjects were mainly recruited from the healthy general population suffering 681 

from medically attended influenza in the outpatient setting. When risk groups for influenza complications or more 682 

severe clinical endpoints were included, the number of subjects or events was low, and results obtained did not 683 

meet statistical significance. The Cochrane acute respiratory infections group led by Dr. Jefferson emphasises the 684 

value of randomised placebo-controlled trials which provide the strongest evidence of efficacy, and have further 685 

suggested that they should be the only evidence considered for decisions on the recommendations for use of 686 

neuraminidase inhibitors. 687 

Only observational studies have been powered to make inferences on the effect of NAI treatment on mortality. 688 

Although observational studies are prone to bias and confounding, which cannot be conclusively controlled for 689 

through study design [43,44], much of the evidence on the effectiveness of neuraminidase inhibitors is provided by 690 

such studies.  691 

Results from the randomised placebo-controlled trials and observational studies of the use of NAIs for treatment 692 

indicate that neuraminidase inhibitors must be administered early (<48 hours from onset of symptoms) to achieve 693 

the most clinical benefit. This time-dependency is observed in most of the studies reviewed, be it time to 694 

alleviation of symptoms, development of otitis media in children, or impact on mortality among hospitalised 695 

patients. However, some studies lack information on exact timing of initiation of treatment from onset of 696 

symptoms. This is suboptimal and may dilute the estimates considerably. 697 

In certain settings, benefits have been observed, even if treatment started later than 48 hours after symptom 698 

onset. The observational study by Muthuri et al. in patients hospitalised with influenza A(H1N1)pdm09 virus 699 

infection suggests an effect on mortality, with treatment initiation up to five days after symptom onset [18]. 700 

However, in this analysis, the researchers were able to access data from only 20% of the global sites that were 701 

identified to have done clinical research among hospitalised influenza patients during the pandemic, thereby 702 

limiting the power of the analysis but also raising questions about generalisability and selection bias. Earlier 703 

observational studies in those hospitalised with proven seasonal, pandemic 2009 H1N1, or avian H5N1 influenza 704 

also indicate some reduction in mortality with oseltamivir treatment started within 4–5 days of symptom onset. 705 

Also, in the randomised placebo-controlled trial by Fry et al. a modest reduction in the duration of symptoms and 706 

virus shedding was observed in children less than 5 years old with uncomplicated influenza, even when treatment 707 

was initiated 48 hours or later from symptom onset [25].   708 

In the review by Jefferson et al. efficacy is assessed in the intention to treat population, which comprises 709 

randomised patients that receive treatment (ILI patients), regardless of laboratory confirmation of influenza. The 710 

rationale for this approach is that results would be more relevant to common clinical practice of the mean 711 

presumptive treatment effect in suspect influenza cases presenting with ILI.  712 
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It is also the case that the proportion of ILI cases that have influenza infection will vary according to the epidemic 713 

context. The proportion of ILI cases confirmed with influenza varies over time during the seasonal or pandemic 714 

evolution, with the highest proportion confirmed positive during the peak of the outbreak. It is dependent on the 715 

overall level of population susceptibility, transmission patterns, and pathogenicity of the circulating virus. There are 716 

also many other pathogens that result in ILI, differing by season and age group, and NAI are presumed only to 717 

have effects in those infected with drug sensitive influenza. Several studies including the Dobson et al. re-analysis 718 

confirm that oseltamivir treatment does not provide benefit endpoints in ILI patients without laboratory-confirmed 719 

influenza virus infection. Dobson et al. primarily considered the effect in the laboratory-confirmed influenza infected 720 

population (ITT-I), in accordance with the original trial designs. Provided that there is no bias in case 721 

ascertainment, this analysis provides a more accurate assessment of efficacy in those patients that actually have 722 

disease due to influenza. 723 

In the Dobson et al. analyses, the ITT-I population constituted 66% of the ITT group in the oseltamivir arm and 724 

68% in the placebo arm. This is a very high proportion of confirmed influenza cases in an ILI trial group, even in 725 

strictly controlled trial settings, especially considering that the more sensitive RT-PCR confirmation was not 726 

available when the RCTs in question were conducted. It is unlikely that during normal influenza seasons and in 727 

normal conditions of use, such high proportions of influenza-positive cases would be seen outside community 728 

outbreaks.  729 

The evidence for efficacy of neuraminidase inhibitors in children is limited. The meta-analysis by Jefferson et al. did 730 

include studies with children in outpatient care, but the numbers are small. Dobson et al. included data on only 731 

adults. Some further data is provided by Wang et al. reporting on six treatment trials involving more than 1 200 732 

children with laboratory-confirmed influenza. Assessing the observational studies in children is also challenging.  733 

The large Muthuri et al. study evaluating neuraminidase inhibitor effectiveness on mortality among hospitalised 734 

children found similar point estimates as in the studies of adults, but with large confidence intervals making the 735 

results non-significant. In principle, this suggests that at least a larger sample size is needed to reduce the 736 

uncertainty. On the other hand, one observational study by Louie et al. found a 2% absolute risk reduction in 737 

mortality in critically ill children (OR = 0.67; 95% CI: 0.34–1.36) [27]. 738 

The randomised placebo-controlled trials reviewed by Jefferson et al. and Dobson et al. assessed efficacy against 739 

different outcomes for seasonal influenza, mainly A(H3N2) virus, and do not cover novel zoonotic influenza 740 

infections. The observational study by Muthuri et al. included mainly infections with the pandemic influenza 741 

A(H1N1)pdm09 virus. Assuming neuraminidase inhibitor susceptibility is known through surveillance activities, the 742 

default assumption must be that the results of the Jefferson et al. and Dobson et al. reviews on antiviral efficacy 743 

can be extrapolated to novel zoonotic and pandemic scenarios, however the clinical benefit in these situations may 744 

vary considerably and will need to be assessed with each emerging influenza subtype and strain. Of note, in 745 

observational studies of severe avian H5N1, disease mortality benefit (observed to be 40% with treatment and 746 

76% in the absence of treatment) have been reported if provided up to approximately one week following 747 

symptom onset [45,46]. However, when treating individuals infected with avian influenza A(H7N9) and A(H5N1), 748 

development of antiviral resistance against neuraminidase inhibitors has been observed in some cases. The 749 

antiviral arsenal therefore needs to be extended to more influenza antiviral products with differing mechanisms of 750 

action, and the possibility of combination therapies using several antivirals should be explored rapidly to increase 751 

preparedness to treat the severe cases of seasonal influenza, zoonotic influenza and potential pandemic viruses 752 

that may arise [47]. Due to the small numbers of infections with other zoonotic subtypes (H5N8, H5N6, H9N2, 753 

H10N8, etc.), and many other complicating factors, only case reports of individual patients are available as 754 

evidence for antiviral effectiveness against these infections.  755 

Some countries in the EU/EEA follow a similar public health strategy as Japan to combine use of influenza 756 

vaccination before the start of the influenza season, and use of influenza antivirals when needed in risk groups 757 

including the large aging population. Currently, five neuraminidase inhibitors are approved for chemotherapy 758 

against influenza in Japan where the highest frequency of use in the world is reported; favipiravir, laninamivir, 759 

oseltamivir, peramivir, and zanamivir [48].   760 
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Remaining gaps in the current knowledge 761 

base 762 

One of the areas that need further research is how the antiviral activity of neuraminidase inhibitors translates into 763 

clinical effectiveness in recognised risk groups for severe influenza disease, and particularly in terms of severe 764 

outcomes.   765 

Efficacy and effectiveness against severe outcomes in 766 

previously healthy individuals 767 

The limited available evidence for the treatment of previously healthy children and adults suffering from severe 768 

influenza-associated disease, including clinical outcomes such as unscheduled medical visits for complications, 769 

hospitalisations, need for intensive care and mortality, is discouraging. These outcomes represent the largest 770 

burden of the disease overall and the main burden on the healthcare systems during seasons predominated by 771 

more highly pathogenic viruses. Large prospective randomised placebo-controlled trials would be needed to detect 772 

the impact of such events in seasons other than the most severe (which cannot be predicted). As described above, 773 

funding of such trials with the current neuraminidase inhibitors authorised in the EU/EEA is unlikely in the future. 774 

Further, as neuraminidase inhibitors are recommended as the standard of care in many settings throughout the 775 

world, it is increasingly unlikely that placebo-controlled randomised studies will be planned. More well-designed 776 

prospective observational studies are therefore urgently needed. Funding for such observational trials is also an 777 

issue and needs more attention. 778 

Efficacy and effectiveness in risk groups 779 

The limited evidence available on the treatment or prophylaxis of risk groups with underlying chronic conditions is 780 

discouraging, as these are the groups who are known to develop severe disease and would most need to be 781 

protected from severe outcomes of influenza. It is unlikely that more RCTs will be conducted due to the expiry of 782 

patents for oseltamivir and zanamivir, and the unavailability of public funding for such studies. It is also unlikely 783 

that ethical boards would approve randomised placebo-controlled trials, given the existing evidence for efficacy. 784 

Well-designed prospective observational studies among specific risk groups would be a useful addition to the 785 

knowledge base. Funding for such observational trials is also an issue and needs more attention. These studies 786 

should include longer term follow-up in order to confirm reports on reduced late sequelae (MI, stroke) in 787 

oseltamivir-treated persons compared to no treatment. 788 

Efficacy and effectiveness against emerging zoonotic and 789 

pandemic influenza strains. 790 

The effectiveness of NAIs needs to be assessed through studies and surveillance against each emerging zoonotic 791 

and pandemic influenza strain, as the clinical benefit may vary considerably, depending, for example, on the 792 

virulence and clinical severity of the illness caused by that strain.  793 



 
 

 
 

SCIENTIFIC ADVICE Expert Opinion on Neuraminidase inhibitors for prevention and treatment of influenza 
 

 
 

21 

 
 

 

Options for recommendations in EU/EEA 794 

Member States   795 

Influenza viruses transmitted to humans, whether seasonal, zoonotic or pandemic, may cause severe disease in 796 

large numbers of people and there is a clear need for effective treatment and prophylaxis. Available evidence from 797 

randomised placebo-controlled clinical trials and observational studies conducted to assess two neuraminidase 798 

inhibitors authorised in the EU/EEA, oseltamivir and zanamivir, were recently summarised in three new large 799 

systematic reviews that included a range of meta-analyses. Although the reviewed evidence provides limited new 800 

data (with the exception of trial data provided by the manufacturer of oseltamivir) in support of public health 801 

recommendations, the meta-analyses presented in these new reviews nonetheless strengthen the evidence base.   802 

The two reviews assessing efficacy in randomised placebo-controlled clinical trials are consistent with results from 803 

observational studies indicating that neuraminidase inhibitors have clinical benefit and, to be most beneficial, must 804 

be administered early i.e. less than 48 hours from onset of symptoms [14,17]. This time-dependency is observed in 805 

most studies reviewed and conducted in previously healthy children and adults, be it time to alleviation of 806 

symptoms or development of otitis media in children. The time-dependency is a limitation in clinical settings where 807 

patient delay in seeking medical attention for an influenza infection and diagnostic delay may both be an issue. 808 

Further, the two reviews indicate a greater efficacy in individuals with laboratory-confirmed influenza than 809 

individuals with influenza-like illness. There is no evidence that NAIs affect the course of ILI due to pathogens 810 

other than influenza. Diagnostic methods, such as RT-PCR, that are becoming more readily available, may improve 811 

the feasibility of beginning antiviral treatment for influenza within 48 hours from symptom onset.   812 

The efficacy observed when neuraminidase inhibitors were administered in randomised placebo-controlled clinical 813 

trials as prophylaxis, is more pronounced than the efficacy observed in treatment trials, and provide statistically 814 

significant support to prophylaxis regimens against seasonal, zoonotic or pandemic influenza caused by influenza 815 

strains susceptible to neuraminidase inhibitors. 816 

The most severe clinical endpoint for public health recommendations and pandemic preparedness – mortality – is 817 

fortunately uncommon, and so has rarely been observed in the available RCTs, and has therefore only been 818 

assessed in observational studies, in particular during the 2009 influenza A(H1N1) pandemic. Consequently, such 819 

data must be assessed with caution, as there may be residual confounding. Although a statistically significant 820 

impact on mortality was observed among NAI treated hospitalised patients of all age groups, who were given 821 

treatment with NAIs up to five days following onset of symptoms, the survival rates were greater the earlier 822 

treatment was initiated. The observed time-dependency in the randomised placebo-controlled clinical trials was 823 

confirmed in the observational studies assessing mortality, although a longer time window for initiation of 824 

treatment to acquire clinical effect was observed suggesting it is worthwhile in the severely ill to initiate treatment, 825 

even if it was more than 48 hours from onset of symptoms. Initiation of treatment before laboratory confirmation 826 

of any suspected case of influenza causing severe disease is essential to increase clinical benefit.   827 

The reviews and additional scientific literature contributed by the Expert Panel provide some conflicting evidence 828 

on whether the neuraminidase inhibitors provide reduction in development of lower respiratory infection in 829 

previously healthy adults and otitis media in children. Additional and larger randomised placebo-controlled trials 830 

using the sensitive diagnostic methods based on viral RNA amplification, which are now available in most hospital 831 

laboratories, could potentially address the current lack of information. However, no further placebo-controlled 832 

randomised clinical trials are likely to be conducted using the currently licensed neuraminidase inhibitors, since 833 

both products are authorised, and no further regulatory requirements are expected. Instead, further high-quality 834 

observational studies are more feasible. Observational studies conducted throughout the world to assess 835 

effectiveness for different circulating influenza viruses would strengthen the evidence base for individual risk 836 

groups. If done, they should preferably be conducted with standardised study protocols to increase comparability.  837 

The reviews clearly demonstrate that the efficacy of current NAI is relatively limited, and highlight the urgent need 838 

for new influenza antivirals with greater efficacy. Several new antiviral products and strategies are currently 839 

being investigated. 840 

Evaluation of safety in the reviews of the randomised placebo-controlled clinical trials emphasises that nausea and 841 

vomiting during treatment with neuraminidase inhibitors does occur. In the trials, however, treatment was rarely 842 

terminated due to these side effects and therefore was not considered by the expert panel to be a substantial 843 

clinical problem.  844 
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Based on a consensus opinion of the experts consulted, the options for treatment and prophylaxis for EU/EEA 845 

Member States to consider while updating the recommendations for influenza antivirals are summarised in Table 6. 846 

Although the available evidence of the current neuraminidase inhibitors is limited in scope (with regards to risk 847 

groups and severe outcomes), and the estimates of effectiveness are modest, the expert consensus was that it is 848 

sufficient to justify use of these medicines for providing protection against influenza disease, development and 849 

duration of symptoms, and probably progression to severe outcomes.  850 

A majority of EU Member States provide national public health recommendations for use of neuraminidase 851 

inhibitors to treat cases of severe or progressive influenza. The new observational data on mortality reduction in 852 

those hospitalised with influenza A(H1N1)pdm09 virus infection is supportive of this position, as well as the position 853 

expressed by WHO [5] [49] [50]. The importance of further research to develop more effective influenza antivirals 854 

is emphasised, and any support and initiative in this area from EU/EEA Member States and the European 855 

Commission should be welcomed. 856 

Many EU Member States have decided to stockpile neuraminidase inhibitors for use during pandemic scenarios or 857 

severe outbreaks of novel influenza strains. The systematic reviews of the randomised clinical trials provide 858 

evidence for use of neuraminidase inhibitors as pre- and post-prophylaxis, providing protection against seasonal 859 

influenza in randomised clinical trials. Vulnerable population groups known to be prone to severe influenza disease 860 

may benefit significantly from being offered prophylaxis in a new pandemic that is susceptible to the relevant drug. 861 

Some of these risk groups often respond poorly to vaccines, which further strengthens the rationale for the use of 862 

NAIs in this group.  863 

Therefore, while recognising uncertainties resulting from the lack of randomised controlled trials to directly support 864 

the full range of treatment recommendations, as well as considering the benign side effects profile of the NAI, it is 865 

considered that sufficient evidence supports the use of NAIs as a public health measure during pandemics of 866 

susceptible influenza strains. This Expert Opinion did not consider other aspects such as; cost-effectiveness 867 

considerations, including opportunity cost; strategies for protection of vulnerable subgroups; essential services of 868 

society; public perception of the risks and benefits of the threat and intervention; and the methods available for a 869 

timely delivery of interventions, which are all relevant and necessary as an evidence base for decisions on 870 

stockpiling. EU/EEA governments will need to take difficult policy decisions on preparedness plans based on 871 

incomplete evidence on upcoming threats, and possible interventions to protect their populations, acknowledging 872 

that the evidence base for NAIs should be strengthened and research focusing on new influenza antivirals should 873 

be supported to facilitate these decisions. 874 



 

 

Table 6. ECDC Expert Opinion on options for public health recommendations on treatment and prophylaxis of influenza with neuraminidase inhibitors  875 

 Treatment of patients with medically 
attended influenza-like illness (ILI)* 

Treatment of patients with 
laboratory-confirmed influenza 

Pre- or post-exposure prophylaxis for 
asymptomatic individuals 

Key evidence supporting the Expert 
Opinion on treatment and prophylaxis 

recommendations 

OUTPATIENTS 

Healthy adults 18–65 
years 

Evidence available from RCTs or 
observational studies.  
Expert Opinion:  
Treatment during seasonal influenza 
epidemics should be recommended on an 
individual basis. 
 
Treatment during emerging influenza 
outbreaks and pandemics should be 
considered depending upon a risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. 
 
 
 

Evidence available from RCTs or 
observational studies.  
Expert Opinion:  
Treatment during seasonal influenza 
epidemics should be recommended on an 
individual basis. 
 
Treatment during emerging influenza 
outbreaks and pandemics should be 
recommended depending upon a risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. 
  

Evidence available from RCTs or observational 
studies.  
Expert Opinion: 
Prophylaxis during seasonal influenza epidemics 
should be considered on an individual basis, e.g. 
for household members of people in risk groups, 
especially for the unvaccinated and 
immunocompromised (congenital or acquired) 
who do not respond to vaccination. Particularly 
during years when low vaccine effectiveness is 
expected due to mismatch between vaccine 
strains and strains circulating in the populations. 
Effectiveness of prophylaxis is likely better than 
treatment. 
 
Prophylaxis for emerging influenza outbreaks 
and pandemics should be considered on an 
individual or population basis depending upon a 
risk assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations and 
case fatality. Effectiveness of prophylaxis is 
likely better than treatment.  
 
 

Evidence from RCTs: 
Treatment 
Oseltamivir decreases time to first alleviation of 
symptoms of influenza-like illness (ILI) by 16.8 
hours (95% CI 8.4–25.1) and 17.8 hours 
(95% CI -27.1 to -9.3), respectively in the ITT 
population in two separate systematic reviews 
of conducted RTCs [14,17]. 
Zanamivir decreases time to first alleviation of 
ILI symptoms by 14.4 hours (95% CI 9.4-19.4) 
as documented in RCTs [14]. 
Oseltamivir decreases time to alleviation of all 
symptoms among the influenza-infected 
(ITT-I) by 25.2 hours (95% CI 16.0–36.2) as 
documented in RCTs [17]. 
A lower risk of lower respiratory tract infections 
(risk ratio 0.56 (95% CI 0.42–0.75) in the 
oseltamivir-treated ITT-I population [17], and 
a lower risk in in the oseltamivir-treated ITT 
populations demonstrated in RCTs [14,17] 
A lower risk of all-cause hospitalisations among 
the oseltamivir-treated ITT-I populations (risk 
ratio 0.37 (0.17–0.81)) [17], while no similar 
effect was observed when assessing ITT 
populations demonstrated in RCT [14]. 
 
Evidence from observational studies: 
Prophylaxis 
A lower risk in developing laboratory-confirmed 
influenza illness among individuals offered 
oseltamivir as prophylaxis (risk ratio 0.45; 95% 
CI 0.3–0.7) demonstrated in RCTs [14], 
confirmed by a meta-analysis conducted by 
Okoli et al. and demonstrated in observational 
study [1]. 



 

 

 Treatment of patients with medically 
attended influenza-like illness (ILI)* 

Treatment of patients with 
laboratory-confirmed influenza 

Pre- or post-exposure prophylaxis for 
asymptomatic individuals 

Key evidence supporting the Expert 
Opinion on treatment and prophylaxis 

recommendations 

Healthy elderly - 65 years 
or older 

Evidence is available from RCTs or 
observational studies. 
Expert Opinion 
Treatment during seasonal influenza 
epidemics should be recommended on an 
individual basis. 
 
Treatment during emerging influenza 
outbreaks and pandemics should be 
recommended on an individual or 
population basis depending upon risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. 
 

Evidence is available from RCTs or 
observational studies. 
Expert Opinion 
Treatment during seasonal influenza 
epidemics should be recommended on an 
individual basis. 
 
Treatment during emerging influenza 
outbreaks and pandemics should be 
recommended depending upon a risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. 
  
 

Evidence is available from RCTs or observational 
studies.  
Expert Opinion 
Prophylaxis during seasonal influenza epidemics 
should be considered on an individual basis, e.g. 
household members in households with people 
in risk groups, especially unvaccinated and 
immunocompromised (congenital or acquired) 
who do not respond to vaccination, or if vaccine 
failure is expected due to mismatch between 
vaccine strains and strains circulating in the 
populations. Effectiveness of prophylaxis is likely 
better than treatment. 
 
Prophylaxis during emerging influenza outbreaks 
and pandemics should be considered on an 
individual basis or more generally dependent 
upon risk assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations and 
case fatality. 
 

Evidence from RCTs: 
Treatment 
No statistically significant reduction of time to 
alleviation of symptoms or return to normal 
activity in elderly, oseltamivir treated ITT-I 
populations (mean decrease 73 hours; 
95% CI -151.2 to -3.8). In ITT populations the 
mean decrease in time to alleviation of all 
symptoms or time to return to normal activity 
was 98 hours (95% CI -170.9 to -25.2) 
demonstrated in RCTs [29].  
No clear evidence was documented of 
differences between zanamivir and placebo for 
reduction time to alleviation of symptoms or 
return to normal activity in elderly in any 
population assessed demonstrated in 
RCTs [29] 
A lower risk of lower respiratory tract infections  
(risk ratio 0.77 (95% CI 0.49–0.98) in the 
oseltamivir-treated ITT-I population was 
observed in RCTs [17]. 
 
Prophylaxis 
Seasonal prophylaxis with oseltamivir reduced 
the absolute risk of developing symptomatic 
influenza infections by 1.2% (efficacy 92%; 
95% CI 37–99) among elderly risk population 
demonstrated in RCTs[19]. No prophylactic 
effects were seen with zanamivir in one 
outbreak study demonstrated in RCTs [19]. 



 

 

 Treatment of patients with medically 
attended influenza-like illness (ILI)* 

Treatment of patients with 
laboratory-confirmed influenza 

Pre- or post-exposure prophylaxis for 
asymptomatic individuals 

Key evidence supporting the Expert 
Opinion on treatment and prophylaxis 

recommendations 

Risk group adults 
including 
immunocompromised and 
pregnant women – 18 
years and older 

Limited evidence is available from RCTs or 
observational studies. 
Expert Opinion 
Although limited evidence is available from 
clinical trials for treatment 
recommendations of this vulnerable group, 
treatment during seasonal influenza 
epidemics should be recommended. Lack 
of evidence from clinical trials should not 
prevent treatment when clinically 
indicated. Significant clinical experience of 
treatment is available and no other 
optional treatments are available. 
 
Although limited evidence is available for 
this vulnerable patient group, treatment 
during emerging influenza outbreaks and 
pandemics should be recommended 
depending upon a risk assessment 
considering e.g. antiviral susceptibility, 
transmissibility, virulence, complication 
frequency, hospitalisations and case 
fatality. Lack of evidence should not 
prevent treatment when 
clinically indicated. 

Limited evidence is available from RCTs or 
observational studies. 
Expert Opinion 
Although limited evidence is available from 
clinical trials for treatment 
recommendations of this vulnerable 
group, treatment during seasonal 
influenza epidemics should be 
recommended. Lack of evidence from 
clinical trials should not prevent treatment 
when clinically indicated. Significant 
clinical experience of treatment is 
available and no other optional treatments 
are available. 
 
Although limited evidence is available for 
this vulnerable patient group, treatment 
during emerging influenza outbreaks and 
pandemics should be recommended 
depending upon a risk assessment 
considering e.g. antiviral susceptibility, 
transmissibility, virulence, complication 
frequency, hospitalisations and case 
fatality. Lack of evidence should not 
prevent treatment when clinically 
indicated 

Evidence is available from RCTs. 
Expert Opinion 
Prophylaxis (incl. seasonal) during seasonal 
influenza epidemics for these vulnerable 
population groups should be considered, 
especially for the unvaccinated and 
immunocompromised (congenital or acquired) 
who do not respond to vaccination. This is 
particularly important during years when low 
vaccine effectiveness is expected due to 
mismatch between vaccine strains and strains 
circulating in the populations. Effectiveness of 
prophylaxis is likely better than treatment. 
 
 

Evidence from RCTs: 
In at-risk subgroups, estimates of difference in 
symptom duration often failed to reach 
statistical significance due to small sample size, 
although the direction of effect remained in 
favour of the NI treatments demonstrated in 
RCTs [29]. However, oseltamivir decreases 
time to alleviation of symptoms of ILI in risk 
groups by 0.74 days (95% CI -1.51 to 0.02) for 
oseltamivir and 0.98 days  
(95% CI -1.84 to -0.11) for zanamivir as 
documented in of conducted RTCs. 
 
Seasonal prophylaxis with oseltamivir is 
associated with an absolute risk reduction of 
3.05% (RR 0.45 95% CI 0.30–0.67) in 
development of symptomatic influenza 
demonstrated in meta-analysis of RCTs [1]. 
 
Prophylactic efficacy of zanamivir at the 
individual level provided an OR of 0.23 
(95% CI 0.16–0.35) in a meta-analysis of 
RCTs [1]. 
 
One RCT provide evidence for statistically 
significant reduction in frequency of culture 
positivity (0.4% versus 3.8%, 88% efficacy) or 
PCR positivity (1.7% versus 8.4%, 75% 
efficacy) for influenza among transplanted 
patients that received 75 mg oseltamivir for 
seasonal prophylaxis (12 weeks) or no 
prophylaxis [42] [41]. However, it should be 
noted that the trial failed to demonstrate 
evidence for laboratory-confirmed symptomatic 
influenza infection.  



 

 

 Treatment of patients with medically 
attended influenza-like illness (ILI)* 

Treatment of patients with 
laboratory-confirmed influenza 

Pre- or post-exposure prophylaxis for 
asymptomatic individuals 

Key evidence supporting the Expert 
Opinion on treatment and prophylaxis 

recommendations 

Healthcare workers No evidence is available from RCTs or 
observational studies.  
Expert Opinion 
 
Treatment recommendations should follow 
those for healthy adults. 

No evidence is available from RCTs or 
observational studies.  
Expert Opinion 
 
Treatment recommendations should follow 
those for healthy adults. 

No evidence is available from RCTs or 
observational studies. 
Expert Opinion 
Prophylaxis during institutional outbreaks of 
seasonal influenza in order to protect vulnerable 
patients, especially the unvaccinated and 
immunocompromised (congenital or acquired), 
who do not respond to vaccination, should be 
considered. This is particularly important during 
years when poor vaccine effectiveness is 
expected due to a mismatch between vaccine 
strains and strains circulating in the populations. 
Effectiveness of prophylaxis is likely better than 
treatment.  
 
Prophylaxis during institutional outbreaks of 
emerging influenza outbreaks and pandemics 
should be considered depending upon a risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations and 
case fatality. 

Not addressed specifically in the reviews. See 
results for healthy adults. 

Poultry or swine industry 
workers/laboratory staff 
working with influenza 
viruses 

No evidence available from randomized 
controlled trials or observational studies.  
Expert Opinion 
See evidence for healthy adults for 
seasonal influenza.  
 
Treatment of poultry or swine industry 
workers during zoonotic outbreaks in 
animals should be recommended. 
 
Treatment of laboratory workers handling 
influenza viruses should be recommended. 
 
Treatment during emerging influenza 
outbreaks and pandemics should be 
recommended on an individual or 
population basis depending upon a risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. 

No evidence available from randomized 
controlled trials or observational studies.  
Expert Opinion 
See evidence for healthy adults for 
seasonal influenza. 
  
Treatment of poultry or swine industry 
workers during zoonotic outbreaks in 
animals should be recommended. 
 
Treatment of laboratory workers handling 
influenza viruses should be recommended. 
 
Treatment during emerging influenza 
outbreaks and pandemics should be 
recommended depending upon a risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. 

No evidence available from randomized 
controlled trials or observational studies.  
Expert Opinion 
See evidence for healthy adults for seasonal 
influenza. 
 
Prophylaxis for poultry and swine industry 
workers during zoonotic outbreaks in animals 
should be considered. 
 
Prophylaxis for laboratory workers when 
handling new emerging influenza viruses or 
known influenza viruses with potential of 
inducing sever disease in humans should be 
considered if working with lower biosafety levels 
than recommended for these viruses. 
Effectiveness of prophylaxis is likely better than 
treatment. 
 

Not addressed specifically in the reviews. See 
results for healthy adults. 
 
Evidence from observational study: 
Decreased development of conjunctivitis 
following oseltamivir prophylaxis in individuals 
caring for influenza A(H7N7) infected poultry 
(efficacy 79%; 95% CI 40–97) [38]. 



 

 

 Treatment of patients with medically 
attended influenza-like illness (ILI)* 

Treatment of patients with 
laboratory-confirmed influenza 

Pre- or post-exposure prophylaxis for 
asymptomatic individuals 

Key evidence supporting the Expert 
Opinion on treatment and prophylaxis 

recommendations 

Healthy children less than 
18 years 

Evidence available from RCTs.  
Expert Opinion:  
Treatment during seasonal influenza 
epidemics should be considered on an 
individual basis. 
 
Treatment during emerging influenza 
outbreaks and pandemics should be 
considered depending upon a risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. 
 
  

Evidence available RCTs.  
Expert Opinion:  
Treatment during seasonal influenza 
epidemics should be recommended on an 
individual basis. 
 
Treatment during emerging influenza 
outbreaks and pandemics should be 
recommended depending upon a risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. 
  

Evidence available from observational studies.  
Expert Opinion: 
Prophylaxis during seasonal influenza epidemics 
should be considered on an individual basis, e.g. 
for household members in households with 
people in risk groups, especially for the 
unvaccinated and immunocompromised 
(congenital or acquired) who do not respond to 
vaccination. This is particularly important during 
a year when low vaccine effectiveness is 
expected due to a mismatch between vaccine 
strains and strains circulating in the populations. 
Effectiveness of prophylaxis is likely better than 
treatment. 
 
Prophylaxis during emerging influenza outbreaks 
and pandemics should be considered at an 
individual or population level depending upon a 
risk assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations and 
case fatality. Effectiveness of prophylaxis is 
likely better than treatment. 

Evidence from RCTs: 
Decreased time to alleviation of all symptoms 
by 29h (95% CI 12–47) if treated with 
oseltamivir[14], while if oseltamivir was 
provided within 24 hours from onset of 
symptoms in laboratory-confirmed influenza 
infected children less than 3 years, a decreased 
time to alleviation of 2.8 days (p<0.001) was 
observed, and a one day (p=0.01) decrease in 
median duration of children and adolescents 
irrespective of when treatment started 
demonstrated in RCTs.  
 
 

Risk group children 
including 
immunocompromised 

Limited evidence available from RCTs or 
observational studies. 
Expert Opinion 
Although limited evidence is available from 
clinical trials, treatment during seasonal 
influenza epidemics should be 
recommended. Lack of evidence from 
clinical trials should not prevent treatment 
when clinically indicated. Significant clinical 
experience of treatment is available and no 
other optional treatments are available. 
 
Although limited evidence is available, 
treatment during emerging influenza 
outbreaks and pandemics should be 
recommended depending upon risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. Lack of evidence should 
not prevent treatment when clinically 
indicated. 

Limited evidence available from RCTs or 
observational studies. 
Expert Opinion 
Although limited evidence is available from 
clinical trials, treatment during seasonal 
influenza epidemics treatment should be 
recommended. Lack of evidence from 
clinical trials should not prevent treatment 
when clinically indicated. Significant 
clinical experience of treatment is 
available and no other optional treatments 
are available. 
 
Although limited evidence is available, 
treatment during emerging influenza 
outbreaks and pandemics should be 
recommended depending upon risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality. Lack of evidence should 
not prevent treatment when clinically 
indicated. 

Evidence available from RCTs. 
Expert Opinion 
Prophylaxis (incl. seasonal) during seasonal 
influenza epidemics for this vulnerable patient 
group should be considered, especially for the 
unvaccinated and immunocompromised 
(congenital or acquired) who do not respond to 
vaccination. This is particularly important during 
years when low vaccine effectiveness is 
expected due to a mismatch between vaccine 
strains and strains circulating in the populations. 
Effectiveness of prophylaxis is likely better than 
treatment. 

Evidence from RCTs: 
In at-risk adolescents, seasonal prophylaxis 
with zanamivir reduced the absolute risk of 
influenza infection by 4% (efficacy 83%; 
95% CI 56–93) demonstrated in RCTs [19] 
No effect was seen of oseltamivir offered to 
laboratory-confirmed influenza infected 
children suffering from asthma demonstrated 
in RCTs [14]. 



 

 

 Treatment of patients with medically 
attended influenza-like illness (ILI)* 

Treatment of patients with 
laboratory-confirmed influenza 

Pre- or post-exposure prophylaxis for 
asymptomatic individuals 

Key evidence supporting the Expert 
Opinion on treatment and prophylaxis 

recommendations 

INPATIENTS     

Hospital-admitted 
patients of any age, long-
term care residents 

Evidence is available from observational 
studies. 
Expert Opinion 
Although evidence is only available from 
observational studies, treatment of in-
patients (or residents) during seasonal 
influenza epidemics should be 
recommended. Lack of evidence from 
clinical trials should not prevent treatment 
when clinically indicated. Data from 
observational studies are supportive of 
treatment and significant clinical 
experience of treatment is available and no 
other optional treatments are available. 
 
Although evidence is only available from 
observational studies, treatment of in-
patients (or residents) during emerging 
influenza outbreaks and pandemics  should 
be recommended depending upon risk 
assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality.  

Evidence is available from observational 
studies. 
Expert Opinion 
Although evidence is only available from 
observational studies, treatment of in-
patients (or residents) during seasonal 
influenza epidemics should be 
recommended. Lack of evidence from 
clinical trials should not prevent treatment 
when clinically indicated. Data from 
observational studies are supportive of 
treatment and significant clinical 
experience of treatment is available and 
no other optional treatments are available. 
 
Although evidence is only available from 
observational studies, treatment of in-
patients (or residents) during emerging 
influenza outbreaks and pandemics  
should be recommended depending upon 
risk assessment considering e.g. antiviral 
susceptibility, transmissibility, virulence, 
complication frequency, hospitalisations 
and case fatality.  

Evidence is available from RCTs for long-term 
care residents. 
Expert Opinion 
Prophylaxis (incl. seasonal prophylaxis) during 
seasonal influenza epidemics should be 
considered, especially in the unvaccinated and 
immunocompromised (congenital or acquired) 
who do not respond to vaccination. This is 
particularly important during years when low 
vaccine effectiveness is expected due to 
mismatch between vaccine strains and strains 
circulating in the populations.  
 
Although evidence is only available from 
observational studies, prophylaxis of in-patients 
(or residents) during emerging influenza 
outbreaks and pandemics should be considered 
depending upon risk assessment considering 
e.g. antiviral susceptibility, transmissibility, 
virulence, complication frequency, 
hospitalisations and case fatality. 
 

Evidence from RCTs: 
Seasonal prophylaxis with oseltamivir is 
associated with an absolute risk reduction of 
3.05% (RR 0.45 95% CI 0.30–0.67) in 
development of symptomatic influenza 
demonstrated in meta-analysis of RCTs [1]. 
 
Evidence from observational study: 
Decreased mortality was associated with use of 
NAI among hospitalised patients (OR 0.81; 
95% CI 0.7–0.9) demonstrated in metanalysis 
of observational study data [18]. 
Decreased mortality was associated with use of 
NAI among hospitalised pregnant women 
(OR 0.46; 95% CI 0.23–0.89) demonstrated in 
metanalysis of observational study data [18]. 
Early (<48 h) versus late treatment (>48h) 
associated with reduced risk of death in critical 
care patients (OR 0.65; 95% CI 0.4–0.9) but 
not other hospitalised patients demonstrated in 
metanalysis of observational study data [18]. 
 
NAIs improve survival in critically ill children 
aged 0–17 years (OR 0.36; 95% CI 0.2–0.8) 
[27]. In addition treatment within 48 hours 
was associated with survival (p=0.04) 
demonstrated in observational study. 
 
Among hospitalised patients treated with NAIs, 
there was an increase in the hazard with each 
day’s delay in initiation of treatment up to day 
5 as compared with treatment initiated 2 days 
or before of symptom onset (HR 1.23 
[95% CI 1.18–1.28] demonstrated in 
metanalysis of observational study data [18]. 
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Recommendations for further public health 877 

research to strengthen current evidence and 878 

preparedness for future pandemics 879 

Observational studies assessing current neuraminidase 880 

inhibitors. 881 

Further studies are needed on current neuraminidase inhibitors authorised within the EU/EEA and elsewhere, as 882 

well as development of further influenza antivirals to protect the EU/EEA population. The evidence for currently 883 

authorised neuraminidase inhibitors in the EU/EEA needs to be expanded in the knowledge of the more rare but 884 

severe endpoints such as reduction in mortality, intensive care including mechanical ventilation and ECMO 885 

treatment and long-term sequelae. The use of standardised treatment and study protocols would increase 886 

comparability between studies and facilitate future meta-analyses. The International Severe Acute Respiratory and 887 

Emerging Infection Consortium (ISARIC; https://isaric.tghn.org/ ) and Consortium for the Standardization of 888 

Influenza Seroepidemiology (CONSISE; https://consise.tghn.org/) are examples of global platforms for sharing of 889 

such protocols. 890 

New antivirals 891 

There is a need for improved influenza antivirals, and a number are either authorised or in advanced 892 

clinical development:  893 

 Zanamivir for intravenous use (phase 3 trial in hospitalised patients enrolled, results pending) 894 

 Peramivir for intravenous use (novel neuraminidase inhibitor authorised in Japan and South Korea since 895 

2009 and for uncomplicated influenza in the US since 2014) 896 

 Favipiravir for oral use (influenza RNA-polymerase inhibitor; authorised in Japan since 2014 for novel 897 

strains; phase 3 trials in outpatient adults with re-emerging influenza enrolled, results pending; limited to 898 

cases in which other anti-influenza virus drugs are ineffective or not sufficiently effective)  899 

 Laninamivir (long-acting neuraminidase inhibitor; authorised in Japan since 2010 for treatment of influenza, 900 

and for prophylaxis in 2013)  901 

 DAS181 (sialidase that cleaves both α(2,6)-linked and a(2,3)-linked sialic acid receptors; phase 2 trials) 902 

 Nitazoxanide (oral antiparasitic agent with immunomodulatory effects and blockade of HA maturation; 903 

phase 2 clinical trial completed and phase 3 trial including combination of nitazoxanide plus oseltamivir 904 

enrolled, results pending)  905 

 human heterosubtypic neutralising monoclonal antibodies for intravenous use (various stages of 906 

development).  907 

The clinical development of future products will have to take into account the difficulties and limitations inherent 908 

with the type of product and with the availability of drugs already authorised and recommended. Considerations 909 

should be given to choice of comparator (i.e. placebo and/or active control) and other aspects of trial design, 910 

especially for studies to be conducted in patients with severe influenza, including more or less stringent inclusion 911 

criteria (e.g. ILI, rapid antigen tests, RT-PCR), and the definition and relevance of clinical and virological endpoints. 912 

It remains to be seen whether these new influenza antiviral compounds will be more effective compared to the 913 

currently authorised drugs.  914 

Antivirals in combination therapy  915 

Combination of antiviral agents with different mechanisms of action is a possibility to enhance potency and reduce 916 

risk of resistance emergence [47]. 917 

Several randomised controlled trials are underway assessing such combinations, e.g. oseltamivir + hyperimmune 918 

globulin or oseltamivir + nitazoxanide compared to oseltamivir treatment only, and the results from these studies 919 

will guide marketing authorisation as well as public health guidance in the future. Antiviral combination therapies 920 

have been successful for other RNA-viruses such as hepatitis C and HIV; in the setting of these chronic viral 921 

infections, they provide additive antiviral activity and the reduce risk of antiviral resistance.  922 
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Strengths and limitations of methodology  923 

The evidence for this report was synthesised using different methods, and was specifically derived from three new 924 

systematic reviews published between 2014 and 2015 summarising data collected in randomised controlled trials, 925 

and referrals to additional literature identified by a panel of experts. This approach has with reasonable confidence 926 

identified most of the RCTs on efficacy of NAIs; however the observational studies reviewed here will be a subset 927 

of the available evidence, and the focus was on identifying larger meta-analyses as well as studies of smaller, 928 

clinically relevant subsets of the population, where insufficient evidence was available from RCTs (specific risk 929 

groups, such as populations with specific chronic diseases, pregnant women, children, etc.).  930 

This ECDC Expert Opinion is based on the scientific evidence identified through the literature review described 931 

above, followed by the formulation of expert opinions by a group of independent experts from public health 932 

authorities, regulatory authorities and academic experts, mainly from the EU/EEA, who reviewed the evidence.  933 

The literature included was limited to publications released up to February 2015. The additional literature provided 934 

by the experts proved useful as it allowed the inclusion of relevant evidence that would have otherwise been 935 

omitted. However, most of the literature included post-hoc was not discussed during the meeting with the experts, 936 

only included in the drafting of this opinion. 937 

Next steps 938 

Once this document has gone through a four week public consultation, an updated version of the scientific advice 939 

contained in this document will then be disseminated by ECDC through the European Commission’s Directorate 940 

General for Health, the Health Security Committee, and the ECDC Advisory Forum, as well as published on the 941 

ECDC website.   942 
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