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Treating Influenza With Neuraminidase Inhibitors
What Is the Evidence?

The approaching influenza season will likely bring re-
newed debate about the usefulness of the neuraminidase
inhibitors, a class of antiviral drugs approved for the che-
moprophylaxis and treatment of influenza. The available
approved formulations include oral oseltamivir (Tamiflu;
Roche Pharmaceuticals), inhaled zanamivir (Relenza;
GlaxoSmithKline), and intravenous peramivir (Rapivab;
BioCryst Pharmaceuticals). All 3 drugs are perceived to
have comparable efficacy, although because of its ease of
administration, oseltamivir has been the best studied and
is the most aggressively marketed and prescribed neur-
aminidase inhibitor in the United States and worldwide.

The utility of the neuraminidase inhibitors has been
in question since their introduction in 1999, when ran-
domized clinical trials (RCTs) sponsored by the manu-
facturer suggested that oseltamivir, when taken by
healthy outpatients within 48 hours of symptom onset,
could decrease the duration of influenza by a median of
70 hours and decrease patient-perceived severity of
illness.1 At the time, given the modest clinical benefit and
the high cost (approximately $130 for a 5-day course),
oseltamivir was prescribed infrequently.

In 2006, the reasons to treat patients with oselta-
mivir were bolstered when a Cochrane Collaboration
meta-analysis concluded that early treatment also pre-
vented lower respiratory tract infections.2 However, this
conclusion was later questioned, with critics pointing out
that the review was heavily biased by inclusion of a
manufacturer-sponsored meta-analysis of 10 studies,
only 2 of which had been published in peer-reviewed
journals. Subsequently, the Cochrane Collaboration be-
gan a 4-year quest to obtain access to the entire clinical
trial data set held by Roche. The resulting analysis, pub-
lished in 2014, reviewed data from 46 RCTs. This analy-
sis found that early oseltamivir treatment decreased
the duration of influenza symptoms by 17 hours in adults
and 29 hours in children.3 No benefit was found for the
prevention of pneumonia, but the studies were not de-
signed for this outcome (for example, the definitions of
pneumonia did not include radiographic confirmation).
Rates of influenza hospitalizations or deaths were un-
changed: these events were rare in both treated and un-
treated groups. The overall conclusions of the 2006 and
2014 Cochrane studies were very similar.2,3

The conclusions of the Cochrane studies were not
surprising, especially given the populations studied—
the RCTs were conducted in healthy outpatient adults
and children, defined as those with chronic illnesses such
as asthma, diabetes, and hypertension but not those
with immunosuppression as in malignant conditions
or infection with human immunodeficiency virus.2,3

Healthy outpatients are less likely than chronically ill pa-
tients to have severe influenza, so effects on morbidity

and mortality would be difficult to ascertain. Virologic
studies suggest a strong correlation between viral rep-
lication, clinical symptoms, and disease severity, with de-
tection of viral nucleic acid by reverse-transcriptase poly-
merase chain reaction from respiratory specimens often
used as an approximation for the presence of actively
replicating influenza virus.4 In healthy patients with in-
fluenza, most viral shedding occurs during the first 2 to
3 days after the onset of illness, with trends in symp-
tom scores closely matching changes in concentrations
of detected influenza virus. This short duration of viral
shedding is consistent with a brief window of clinical
benefit for neuraminidase inhibitors.

However, the Cochrane findings2,3 are difficult to in-
terpret with regard to treating patients with severe ill-
ness who are hospitalized or patients infected with novel
influenza strains. Patients with influenza who are hospi-
talized or in intensive care typically shed virus for weeks—
neuraminidase inhibitors likely have benefit because they
can arrest active viral replication. Likewise, although some
novel influenza viruses may have mild to moderate viru-
lence (such as H1N1, the influenza A virus that was the
most common cause of influenza in 2009), others (such
as Asian avian influenza A [H5N1]) are very pathogenic and
have case fatality rates that approach 50%. Viral shed-
ding following H5N1 infection is typically active and pro-
longed, frequently precipitating a “cytokine storm,”
sepsis physiology, and multi-organ failure.5 Early neur-
aminidase inhibitor drug treatment may prevent activa-
tion of the cytokine pathways that result in the storm.

In 2005, following global outbreaks of H5N1 in both
poultry and people, the World Health Organization (WHO)
recommended mass stockpiling of neuraminidase inhibi-
tors so that the medication would be available to treat hos-
pitalized and severely ill patients. The WHO relied on the
availableevidence—largeobservationalstudiesthat lacked
the stringent enrollment criteria or rigorous design of
RCTs. In 2009, at the onset of the H1N1 pandemic, the im-
pact of the emerging virus on morbidity and mortality was
not known—the initial news reports of young healthy
adults dying in Mexico City were alarming. As a result, and
with no available vaccine, the Centers for Disease Con-
trol and Prevention (CDC) and the WHO recommended
widespread use of neuraminidase inhibitors. In retro-
spect, the 2009 H1N1 pandemic was not severe, and its
lack of severity fueled the ensuing controversy about the
recommendations for widespread treatment of influ-
enza. Although the Cochrane findings added to the
concern,2,3 they may not apply to the scenario of life-
threatening infections that the CDC and the WHO were
initially worried about.

The debate about the role of neuraminidase inhibi-
tors continued well into the 2014-2015 influenza sea-
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son, when release of the most recent Cochrane results coincided with
strong messages from the CDC recommending antiviral treatment
in high-risk or severely ill patients with seasonal influenza.6 In the
fall of 2014, public health officials were concerned about a severe
influenza season; one reason was a poor match between compo-
nents of the northern hemisphere influenza vaccine and circulat-
ing influenza strains. The evidence suggesting benefit for treating
high-risk or severely ill patients has in large part been based on data
from observational retrospective studies published following the
2009 pandemic and has continued to grow. Many of these studies
have shown that morbidity and mortality are reduced in hospital-
ized and critically ill patients, and that the “window of benefit” for
starting treatment is significantly longer than would have been an-
ticipated from the RCTs performed in healthy outpatients.7,8 Data
from the observational studies have also identified previously un-
recognized populations at risk for severe disease (such as patients
with morbid obesity) and confirmed that pregnant women, young
children, and the elderly are all at high risk.8

Finally, incontrasttothefindingsoftheCochranemeta-analyses,2,3

which was based on summary data from the RCTs, an individual patient
data meta-analysis found a decreased risk of lower respiratory tract
infection and hospitalization with early oseltamivir treatment.9 The
study, published in 2015, was funded by an unrestricted grant from
Roche Pharmaceuticals to a foundation; the authors stated that
neither the company nor the foundation had any role in the analysis,
interpretation, or reporting of data, or in the decision to submit the
manuscript for publication. Of the four authors, one reported receiv-
ingfeesfromRocheandanothercompanyoutsidethesubmittedwork,
and another reported receiving travel funding from Roche.9

In conclusion, the available evidence suggests that the effect
of neuraminidase inhibitors on morbidity and mortality from influ-
enza depends on the population being treated and the setting. The
findings from the Cochrane reviews are important,2,3 but the trials
were performed with a specific population (healthy outpatients) and
a different outcome (duration of symptoms rather than assess-
ment of pneumonia or mortality) in mind. Because the CDC and WHO
have formally endorsed treatment with neuraminidase inhibitor
drugs in high-risk or severely ill patients with seasonal influenza, it
is unlikely that RCTs in such populations will be performed, as such
trials would raise ethical concerns.10,11 Although the evidence to treat
high-risk or hospitalized patients is inadequate and does not meet
the highest level of evidence (RCTs have not been performed in these
populations to confirm clinical benefits), the available observa-
tional data suggest benefit, especially in hospitalized patients. When
influenza is circulating in the community, early treatment with a neur-
aminidase inhibitor should be emphasized for outpatients with risk
factors for severe disease, such as pregnant women, the elderly,
young children, people who are immunocompromised, and for those
with severe or progressively worsening illness. Likewise, hospital-
ized patients with clinical signs and symptoms suggestive of influ-
enza should be treated promptly. In both settings, treatment should
not be delayed for the results of influenza testing. Rapid influenza
diagnostic tests may have poor sensitivity; therefore, even if the re-
sults of a rapid influenza diagnostic test are negative, patients meet-
ing the listed criteria should be treated when the clinical suspicion
of influenza is high. These recommendations are consistent with
those of both the CDC and the Infectious Disease Society of
America.8,11
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