
Postepy Hig Med Dosw (online), 2015; 69

www.phmd.pl
Review

1087

Postepy Hig Med Dosw (online), 2015; 69: 1087-1095
e-ISSN 1732-2693

Received:	 2014.09.12
Accepted:	 2015.05.04
Published:	 2015.09.20

Summary
Influenza virus neuraminidase inhibitors (NAIs), including oseltamivir, zanamivir and peramivir, are 
important antivirals for the treatment and prophylaxis of influenza. Increasing use of NAIs brings 
into focus the risk of drug resistance. The problem of resistance is of high clinical and epidemio-
logical importance. There are generally three levels of antiviral resistance according to the way 
that resistance can be detected or inferred: genotypic, phenotypic and clinical resistance. Recently 
the problem of resistance to NAIs, although still rare (<2% of influenza isolates), has been rising. It 
should be underlined that NAI resistance in influenza viruses is relative, and despite its presence 
patients with resistant viruses may still benefit from receiving NAIs. The clinical resistance and the 
response to treatment with antivirals remain the most important proof of antiviral effectiveness. 
Currently, there has not been observed cross-resistance between oseltamivir and zanamivir, which 
may be a consequence of the number of given doses, differences in drug structure and duration of 
the drug concentrations in the site of infection. Early treatment with appropriate doses of NAI is 
necessary to minimize the likelihood of a resistant virus arising.
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Introduction

Neuraminidase inhibitors (NAIs), including oseltamivir, 
zanamivir, peramivir and laninamivir, are an important 
class of antivirals for the treatment and prophylaxis of 
influenza. In contrast to the older class of antivirals – the 
adamantanes (amantadine and rimantadine) – NAIs are 
effective against both influenza virus type A and B; they 
are associated with fewer side effects and a better profile 
concerning drug resistance [2,5,25]. Adamantane-resi-
stant isolates of influenza A viruses are generally stable, 
can be transmitted to susceptible contacts and can be 
shed for prolonged periods in immunocompromised pa-
tients taking the drug. This potential for the development 
of resistance especially limits the use of the adamantanes 
for the treatment and prophylaxis of seasonal influenza. 
These drugs should not be used during an influenza epi-
demic (90% of viruses are resistant); nor are they recom-
mended for pandemic influenza caused by influenza virus 
A (H1N1)pdm09 [4]. Adamantanes are not recommended 
for the treatment and prophylaxis of avian influenza – 
also because of the problem of resistance [3,4]. 

Because of the high resistance of influenza virus to ada-
mantanes (99%), the newer group of antivirals – neu-
raminidase inhibitors – seems to be the best choice for 
treatment and prophylaxis for seasonal influenza, avian 
influenza and pandemic influenza [3].

The rational use of NAIs is necessary to preserve their 
potential power in fighting against influenza, which is 
why the problem of influenza viruses resistant to NAIs 
should be considered as a current medical problem of 
high impact.

Mechanism of action of NAIs

The neuraminidase inhibitors interfere with the release 
of progeny influenza virus from infected host cells. All 
influenza viruses bear two surface glycoproteins: a he-
magglutinin and a neuraminidase. The neuraminidase, 
the target molecule of the neuraminidase inhibitor com-
pounds, cleaves the cellular-receptor sialic acid residues 
to which the newly formed particles are attached. Wi-
thout neuraminidase, infection would be limited to one 
round of replication. The mechanism of action of NAI 
explains the necessity of the early use of these drugs: 
ideally 36-48 hours after the onset of clinical symptoms 
of the disease [2,5,21].

Currently used NAIs

There are two neuraminidase inhibitors currently registe-
red in Poland: oseltamivir (Tamiflu, Roche) and zanamivir 
(Relenza, GSK). Only oseltamivir is available on the market 
[2,21]. A third NAI, peramivir, is available in intravenous 
form and is reserved for critically ill patients. Three influ-
enza antiviral medications approved by the U.S. Food and 
Drug Administration (FDA) were recommended for use in 

the United States during the 2014-2015 influenza season: 
oral oseltamivir (Tamiflu), inhaled zanamivir (Relenza), 
and intravenous peramivir (Rapivab) [3]. 

Indications for NAIs

Seasonal influenza

NAIs are recommended for treatment and prophylaxis of 
seasonal influenza. Recommended duration and doses of 
the NAIs are presented in table 1. 

Treatment 

Early initiation of treatment enables the reduction of du-
ration of symptoms (mostly fever); treated patients have 
a lower frequency of secondary complications (e.g., otitis 
media in young children, pneumonia, and respiratory fa-
ilure) [3,6]. Early treatment of hospitalized patients can 
reduce the risk of death; in hospitalized children, early 
antiviral treatment has been shown to shorten the du-
ration of hospitalization [19,30]. The clinical benefit is 
greatest when antiviral treatment is administered ear-
ly, especially within 48 hours of influenza illness onset 
[17,33]. Antiviral treatment is recommended as early as 
possible for any patient with confirmed or suspected in-
fluenza who: is hospitalized; has severe, complicated, or 
progressive illness; or is at higher risk for influenza com-
plications (listed in table 2) [3].

The clinical judgment based on the patient’s disease seve-
rity and progression, age, underlying medical conditions, 
likelihood of influenza, and time since onset of symptoms 
is important when making antiviral treatment decisions 
for high-risk outpatients. Antiviral treatment should be 
started as soon as possible after illness onset, ideally wi-
thin 48 hours of symptom onset. However, antiviral tre-
atment might have some benefits in patients with severe, 
complicated or progressive illness, even when started 
after 48 hours of the illness onset [14,39]. Antiviral tre-
atment of pregnant women (of any trimester) with in-
fluenza A (2009 H1N1) virus infection has been shown to 
be most beneficial in preventing respiratory failure and 
death when started within 3 days of illness onset, but still 
provided benefit when started 3–4 days after onset com-
pared to 5 or more days [27]. Antiviral treatment also can 
be considered for any previously healthy, symptomatic 
outpatient not at high risk with confirmed or suspected 
influenza on the basis of clinical judgment, if treatment 
can be initiated within 48 hours of the illness onset [3]. 
The recommended treatment course for uncomplicated 
influenza is two doses per day of oral oseltamivir or in-
haled zanamivir for 5 days, or one dose of intravenous 
peramivir for 1 day. Oral oseltamivir is preferred for tre-
atment of pregnant women [24]. Pregnant women are 
recommended to receive the same antiviral dosing as 
non-pregnant persons. For hospitalized patients and pa-
tients with severe or complicated illness, treatment with 
oral or enterically administered oseltamivir is preferred. 
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Inhaled zanamivir is not recommended because of the 
lack of data for use in patients with severe influenza di-
sease. There are also insufficient data regarding efficacy 
of intravenous peramivir for hospitalized patients [3].

The optimal duration and dose are uncertain for severe 
or complicated influenza. The clinical judgment should 
be the guide regarding the need to extend treatment re-
gimens longer than 5 days for patients whose illness is 
prolonged. Longer treatment regimens might be necessa-
ry in immunosuppressed persons who may have prolon-
ged influenza viral replication. Such patients are at risk 
of developing an antiviral-resistant virus [3]. A higher 
dose of oral or enterically administered oseltamivir has 
been recommended by some experts (e.g., 150 mg twi-
ce daily in adults with normal renal function) for treat-
ment of influenza in immunocompromised patients and 
in severely ill hospitalized patients. One must remember 
that if a hospitalized patient treated with NAIs manifests 
progressive lower respiratory symptoms, a resistant virus 
should be considered [3].

Chemoprophylaxis

Without any doubt, the annual influenza vaccination is 
the best way to prevent influenza [2]. However, antivirals 
are useful adjuncts to influenza vaccination, but they 
are effective only in 70-90% of cases for preventing the 
disease [10,11,21]. Widespread or routine use of NAIs for 
chemoprophylaxis is not recommended as it could raise 
the risk of resistance. NAIs can be considered for chemo-
prophylaxis in some situations [3]: 

• �prevention of influenza in persons at high risk of influ-
enza complications during the first two weeks following 
vaccination after exposure to an infectious person;

• �prevention for people with severe immune deficiencies 
or others who might not respond to influenza vaccina-
tion, such as persons receiving immunosuppressive me-
dications, after exposure to an infectious person; 

• �prevention for people at high risk for complications 
from influenza who cannot receive influenza vaccine 
due to a contraindication after exposure to an infec-
tious person;

• �prevention of influenza among residents of institutions, 
such as long-term care facilities, during influenza out-
breaks in the institution. 

To be effective as chemoprophylaxis, the antiviral medi-
cation must be taken each day for the duration of poten-
tial exposure to a person with influenza and continued 
for 7 days after the last known exposure. For persons 
taking antiviral chemoprophylaxis after inactivated in-
fluenza vaccination, the recommended duration is until 
immunity after vaccination develops (antibody develop-
ment after vaccination takes about two weeks in adults 
and can take longer in children depending on age and 
vaccination history) [3,10,11]. Prophylaxis with NAIs ge-
nerally is not recommended if more than 48 hours have 
elapsed since the first exposure to an infectious person. 

The use of antiviral chemoprophylaxis to control outbre-
aks among high risk persons in institutional settings is 
also recommended (regardless of their vaccination sta-
tus). For newly vaccinated staff, antiviral chemoprophy-
laxis can be administered for up to two weeks (the time 
needed for antibody development) following influenza 
vaccination. Chemoprophylaxis may also be considered 
for all employees, regardless of their influenza vaccina-
tion status, if the outbreak is caused by a strain of influ-
enza virus that is not well matched by the vaccine. The 
antiviral chemoprophylaxis should be administered for a 
minimum of two weeks, and continued for at least seven 
days after the last known case was identified [3,10,11]. 

Avian origin influenza

As of 31 March 2015, a total of 826 cases of avian influenza 
A (H5N1) had been reported, with 440 deaths (mortality 
rate 53%) [34,35,36,37]. Oseltamivir is a drug of choice for 
treatment of influenza caused by A (H5N1) virus. To date 
there are no patients treated with zanamivir, although it 
is active against H5N1 virus in an animal model and in 
vitro [26,32,40].

Oseltamivir and zanamivir may be used in prophylaxis 
of avian influenza caused by influenza A (H5N1) virus. 
Chemoprophylaxis against H5N1 infection should not be 
routinely offered to low-risk groups, including health-ca-
re workers without direct exposure to A (H5N1) infection 
or healthcare or poultry workers who used appropriate 
protective equipment during potential exposure [1,13]. 
The choice of antiviral drug should be based on sensitivi-
ty testing when possible (strongly indicated). Zanamivir 
may be considered a suitable alternative to oseltamivir 
exposure [1,26]. 

The novel avian A (H7N9) influenza virus has caused more 
than 130 human infections with 43 deaths (as of Septem-
ber, 2013) in China [36]. On 10 April 2015, the National 
Health and Family Planning Commission of China no-
tified the WHO of 20 additional laboratory-confirmed 
cases of human infection with avian influenza A (H7N9) 
virus, including 4 deaths [34]. The majority (90%) repor-
ted exposure to live poultry. One case concerned a health 
care worker, who also had poultry exposure. No clusters 
were reported. Neuraminidase inhibitors are the only 
licensed antiviral medications available to treat avian 
influenza A(H7N9) virus infections in humans [34]. The 
WHO continues to recommend antiviral treatment with 
a neuraminidase inhibitor as soon as possible for patients 
with suspected or confirmed H7N9 virus infection; anti-
viral treatment should not be delayed while H7N9 labo-
ratory test results are pending. Persons who have had 
unprotected close contact with a patient with confirmed 
H7N9 virus infection or exposure to poultry, a live poul-
try market or environments contaminated by H7N9 vi-
rus should be monitored for 7 days after the last known 
exposure. If fever or any respiratory symptom develops, 
empiric antiviral treatment should be started immedia-
tely, and respiratory specimens should be collected for 
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H7N9 virus testing [34]. Empiric early antiviral treatment 
with a neuraminidase inhibitor for 5 days is recommen-
ded. A clinical decision should be made about whether 
to extend the duration of the antiviral treatment. The 
WHO does not recommend routine post-exposure antivi-
ral chemoprophylaxis for H7N9 virus. However, for some 
asymptomatic persons in whom substantial unprotected 
or prolonged exposure to a patient with H7N9 infection 
has occurred, initiation of empiric post-exposure antiviral 
treatment (e.g. oseltamivir 75 mg orally twice daily for 5 
days), on the presumption that influenza virus infection 
has occurred, may be considered. This is likely to be limi-
ted to healthcare or other settings involving substantial 
exposure of those at higher risk for complications from 
influenza virus infection, including, but not limited to, 
patients with severe immunosuppression, neonates and 
infants, pregnant and early post partum women, elderly 
adults, persons with chronic co-morbidities and, other 
highly vulnerable patients; or unprotected healthcare 
workers, especially those involved in aerosol-generating 
procedures [34].

Resistance to NAIs – general considerations

A key advantage of neuraminidase inhibitors, and a major 
difference from the adamantanes, is that the develop-
ment of resistance is very rare (<1%) [15,18]. The problem 
of resistance is of a high importance – hence the creation 
of the global Neuraminidase Inhibitor Susceptibility Ne-
twork (NISN), which coordinates the analysis of clinical 
isolates collected through the WHO surveillance network. 
Surveillance of antiviral susceptibility of influenza viruses 
circulating in Europe was established in 2004 though the 
European Union-funded European Surveillance Network 
for Vigilance against Viral Resistance (VIRGIL), in colla-
boration with the European Influenza Surveillance Sche-
me (EISS), the WHO and national influenza centers [18].

There are generally three levels of antiviral resistance 
according to the way that resistance can be detected or 
inferred: genotypic resistance, phenotypic resistance, and 
clinical resistance. Resistance to neuraminidase inhibi-
tors may be due to mutations in hemagglutinin, which of-
ten confers resistance to both zanamivir and oseltamivir, 
while mutation in neuraminidase may render oseltami-
vir ineffective but retains susceptibility to zanamivir [8].

NA mutations selected from in vitro and in vivo experi-
ments are limited to several conserved or semiconserved 
residues: R292K and E119G/A/D/V in N9 and N2 subtypes, 
H274Y in the N1 subtypes; and E119G, D198N and R152K 
in influenza B virus NA [15,16]. Influenza virus variants 
with the N294S mutation in NA were recently isolated 
after oseltamivir treatment from patients treated either 
for H3N2 or H5N1 influenza viruses [15,16].

What should also be underlined, oseltamivir resistance 
in influenza viruses is relative, and despite its presence 
patients with oseltamivir-resistant viruses may still be-
nefit from receiving oseltamivir [20]. The clinical course 

for patients with resistant viruses and those treated with 
antivirals is not any different from patients carrying fully 
sensitive strains. The clinical resistance and the respon-
se to treatment with antivirals (the clinical response) 
remain the most important proof of the antiviral effec-
tiveness [3].

Patients receiving antiviral medications who do not re-
spond to treatment might have an infection with an an-
tiviral-resistant influenza virus. Oseltamivir resistance, 
sometimes within 1 week of treatment initiation, has been 
reported particularly among immunocompromised pa-
tients with 2009 H1N1 virus infection who were receiving 
treatment with oseltamivir [5]. Infection-control measu-
res are especially important for patients who are immu-
nocompromised to reduce the risk for transmission of 
oseltamivir-resistant viruses. Zanamivir is the treatment 
of choice for all patients where oseltamivir resistance is 
demonstrated or highly suspected. Intravenous zanamivir 
may be considered where available [3,4,5].

Resistance to NAIs before 2009

Viral resistance to oseltamivir may develop by alteration 
of the amino acid composition of neuraminidase or by 
alteration in the affinity of hemagglutinin to the recep-
tors on the cell surface. In addition, according to a recent 
study, a few influenza strains may completely lack neur-
aminidase activity, which may also result in viral resis-
tance to neuraminidase inhibitor. Resistant strains have 
been generated in vitro, and such strains have also been 
found in a small proportion of patients during or after 
treatment with oseltamivir. Oseltamivir-resistant strains 
have also been detected in individuals not exposed to os-
eltamivir. Mutations in the viral neuraminidase gene can 
be generated in vitro by repeated passages in the pres-
ence of low concentrations of oseltamivir [12]. 

In patients treated with oseltamivir the frequency of re-
sistant viruses was estimated as 1-2% in adults and 5-6% 
in children [4,8,18]. The clinical course of influenza in 
oseltamivir-treated patients, from whom the resistant 
viruses were isolated, appeared to be similar to that with 
wild-type virus [4,20]. Predominant mutations of NA were 
Arg292Lys and Glu119Val in the H3N2 virus. An oselta-
mivir-resistant virus was isolated from 16.3% of Japanese 
children treated with oseltamivir for influenza A (H3N2) 
infections (2004) [29,30]. All were due to A His274Tyr mu-
tations in H1N1 viruses. The authors attributed the higher 
incidence of oseltamivir resistance to high viral titers 
and protracted viral shedding, more rigorous detection 
methods or relatively lower oseltamivir dosage (4 mg/
kg regardless of the body mass). The small number of 
children in this study (43) is also considered a limitation 
of its results; however, it is underlined that the rate of 
oseltamivir resistance in children should be of concern 
because children are the most important source of the 
disease and play an important role in transmission of the 
disease [30]. The Japanese situation should also be treated 
as a warning of the overuse of NAIs.
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The significance of the resistant strains observed in in-
dividuals who were not exposed to oseltamivir is un-
clear at the present. Such a situation was described in 
the 2007/2008 seasons in Europe. Results from analysis of 
the early winter (November 2007 – January 2008) A (H1N1) 
virus isolates revealed a significant proportion, approxi-
mately 14%, of European strains resistant to oseltamivir, 
but retaining sensitivity to zanamivir (and the adaman-
tanes [12]. A total of 437 influenza A (H1N1) viruses were 
tested using measurement of NA enzyme activity in the 
presence of oseltamivir to determine the drug ensitivity 
(IC50) of the viral enzyme in conjunction with sequence 
analysis of the viral neuraminidase gene. Oseltamivir re-
sistance viruses have been detected in 9 countries (Den-
mark, Finland, France, Germany, Netherlands, Norway, 
Portugal, Sweden and the UK); in particular, in Norway, 
France, Germany and the UK, 70%, 17%, 7% and 5%, re-
spectively, carry the same mutation causing the substi-
tution of histidine by tyrosine at residue 274 (H274Y) 
of the neuraminidase, which is known to confer a high 
level of resistance to oseltamivir [12]. Viruses bearing 
this mutation, when tested in enzyme assays, showed 
a reduction of approximately 400-fold in susceptibility 
to oseltamivir (IC50 values increased from 1 nM to more 
than 400 nM). All these viruses remain sensitive to the 
other anti-neuraminidase drug zanamivir and to the an-
ti-M2 drugs amantadine and rimantadine. The resistant 
(H274Y) viruses have been isolated from both adults and 
children, ranging from 1 month to 61 years in age, with 
the majority of viruses being isolated from adults. There 
was no information that these viruses were isolated from 
patients who had been either treated with oseltamivir 
or in close contact with another individual treated with 
this drug [20]. 

These findings indicate the necessity for careful virologi-
cal and epidemiological surveillance concerning oselta-
mivir resistance, but it is also agreed that there is curren-
tly insufficient evidence for the authorities to consider 
changes to clinical guidelines [20].

It was also underlined that oseltamivir was not frequently 
used in Europe, although better data need to be acquired 
in this field, which is why the described resistance was 
related to antiviral medication usage in individual pa-
tients. There is also currently no evidence that the mu-
tated H1N1 viruses are more virulent than other strains 
of seasonal influenza (all the Norwegian patients had 
typical influenza illness symptoms). 

The susceptibility of above-mentioned isolates from 1999-
2002, post-licensure of the neuraminidases, was moni-
tored and only two isolates (0.1%) had reduced suscep-
tibility to zanamivir and possible resistance-associated 
mutations. The clinical use of zanamivir is still limited 
but, so far, zanamivir-resistant viruses have not been 
isolated from immunocompetent individuals who have 
received zanamivir [4]. One resistant virus was isolated 
from an immunocompromised child after bone-marrow 
transplantation infected with type B influenza virus [9]. 

The mutant showed a small decrease in sensitivity to 
zanamivir in infected mice but there was no detectable 
resistance to zanamivir in ferrets. Immunocompromised 
patients have difficulties with cleaning virus and this 
appears to promote selection of a drug-resistant virus.

As with oseltamivir, mutations that confer resistance to 
zanamivir may also reduce the virulence of the virus. To 
date, influenza virus strains which are resistant to oselta-
mivir remain susceptible to zanamivir – in vitro. The lack 
of cross-resistance between oseltamivir and zanamivir 
may be explained by the longer use of oseltamivir and a 
limited number of zanamivir dosages, but there are other 
hypotheses to describe the lack of cross-resistance [9,29]. 

It is possible that differences in chemical structure and 
binding to the NA catalytic site result in different drug 
resistance profiles. This has been attributed to how clo-
sely the compounds mimic the transition state analog for 
NA. Hence zanamivir, which closely resembles the natu-
ral substrate for NA, has a low resistance index [9,29,31]. 

Although both drugs, zanamivir and oseltamivir, are ba-
sed on the transition state analog of sialic acid, zanami-
vir has a single substitution of a guanidine group at the 
4’ position on the sugar ring, whereas oseltamivir has 
an amino group at the 4 position and, more importantly, 
a bulky hydrophobic pentyl ether group replacing the 
glycerol side chains at the 6’ position. Reorientation of E 
276 in the active site is required to create a hydrophobic 
pocket necessary to accommodate the pentyl ether gro-
up. Mutations that prevent this reorientation occurring 
lead to high levels of specific oseltamivir resistance (H 
274Y, R292K), while for zanamivir this reorientation is 
not required [38]. 

It is also considered that differences in the mode of delive-
ry and pharmacokinetics of zanamivir have implications 
for drug resistance. Differences in concentrations of NAIs 
at the site of viral replication could contribute to differen-
ces not only in efficacy but also in the risk of emergence 
of NAI-resistant viral strains. Low drug concentrations, 
which only partly block viral replication, could enhance 
the risk by providing an environment for a drug-resistant 
virus to emerge [38].

Resistance to NAIs after 2009

In the winter of 2007-2008, an oseltamivir-resistant se-
asonal influenza A(H1N1) strain with an H274Y mutation 
emerged in the northern hemisphere and spread rapi-
dly around the world. In contrast to earlier evidence of 
such resistant viruses being unfit, this mutant virus re-
mained fully transmissible and pathogenic and became 
the major seasonal A(H1N1) virus globally within a year 
[15,16]. This resistant A(H1N1) virus was displaced by the 
sensitive A(H1N1)pdm09 virus. Approximately 0.5-1.0% 
of community A(H1N1)pdm09 isolates are currently re-
sistant to oseltamivir. It is now apparent that variation 
in non-active site amino acids can affect the fitness of 
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the enzyme and compensate for mutations that confer 
high-level oseltamivir resistance resulting in a minimal 
impact on enzyme function [15,16].

The development of resistance to oseltamivir during tre-
atment was more common among seasonal influenza A 
(H1N1) virus infections (27%) compared with seasonal in-

fluenza A (H3N2) (3%) or B (0%) viruses [4,5]. Sporadic ca-
ses of resistance to oseltamivir have been observed among 
persons with 2009 H1N1 virus infection (e.g., immunosup-
pressed patients with prolonged viral replication during 
oseltamivir treatment and persons who developed the 
illness while receiving oseltamivir chemoprophylaxis) 
[4,5]. Emergence of oseltamivir-resistant 2009 H1N1 virus 

Table 1. Recommended dosage and duration of NAIs for treatment or chemoprophylaxis of influenza [3]

Medication Use, duration, dose
Recommended 

for
Adverse events

Oseltamivir 
(Tamiflu)

Treatment: 5 days

Children
< 1 year  

3 mg/kg/dose twice daily 
> 1 year 

<15 kg: 2x 30 mg
15-23 kg: 2x 45 mg  
23-40 kg: 2x 60 mg 
>40 kg: 2x 75 mg 

Adults
2x 75 mg

Any age1

Adverse events: nausea, vomiting. Postmarketing 
reports of serious skin reactions and sporadic, transient 
neuropsychiatric events (self-injury or delirium; mainly 

reported among Japanese adolescents and adults).

Chemoprophylaxis: 
7 days

Children
for infants < 3 months old, the use of oseltamivir for 

chemoprophylaxis is not recommended unless the situation 
is judged critical due to limited data in this age group.

 
3-12 months 

1x 3 mg/kg/dose 

> 1 year
<15 kg: 1x 30 mg 

15-23 kg, 1x 45 mg 
23-40 kg, 1x 60 mg
>40 kg, 1x 75 mg 

Adults
1x 75 mg

 >3 months 

Zanamivir 
(Relenza)

Treatment: 5 days
2x10 mg

>7 years Allergic reactions: oropharyngeal or facial edema. 
Adverse events: diarrhea, nausea, sinusitis, nasal signs and 
symptoms, bronchitis, cough, headache, dizziness, and ear, 

nose and throat infections.
Chemoprophylaxis: 

7 days
1x 10 mg

> 5 years

Peramivir 
(Rapivab)

Treatment: 1 day
One 600 mg dose, via intravenous infusion for 15-30 

minutes
> 18 years Adverse events: diarrhea. Postmarketing reports of serious 

skin reactions and sporadic, transient neuropsychiatric 
events (self-injury or delirium; mainly reported among 

Japanese adolescents and adults).Chemoprophylaxis – not recommended
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strains within 48 hours after initiation of treatment has 
been reported [4,5]. Transmission of oseltamivir-resistant 
influenza B virus strains or 2009 H1N1 virus strains acqu-
ired from persons treated with oseltamivir is rare but has 
been documented [4,5].

Rare cases of infection with the 2009 H1N1 virus resistant 
or with reduced susceptibility to multiple neuraminida-
se inhibitors in severely immunosuppressed pediatric 
patients with prolonged viral replication have been re-
ported [4,5].

A recently published meta-analysis of 15 studies yielded 
a pooled incidence rate for oseltamivir resistance of 2.6% 
[29]. The incidence rate for all zanamivir resistance stu-
dies was 0%. Only one study measured incidence of an-
tiviral resistance among subjects given peramivir, and it 
was reported to be 0%. Subgroup analyses detected higher 
incidence rates among influenza A patients, especially 
for H1N1 subtype influenza. Considerable heterogene-
ity between studies precluded definite inferences abo-
ut subgroup results for immunocompromised patients, 
in-patients, and children. A meta-analysis of 4 studies 
reporting an association between oseltamivir resistan-
ce and pneumonia yielded a statistically significant risk 
ratio of 4.2. Oseltamivir resistance was not statistically 
significantly associated with other clinical complications 
and symptoms [29]. According to Okomo et al., influenza 
A(H1N1)pdm09 viruses were sensitive to all NAIs, except 
for two (0.6%) with H275Y (N1 numbering; H274Y in N2 
numbering) substitution, which exhibited elevated IC50s 
for oseltamivir and peramivir, and a third with previo-
usly unreported N325K substitution, exhibiting reduced 
susceptibility to oseltamivir. Influenza A(H3N2) viruses 
were sensitive to all NAIs [23]. Influenza B viruses were 
sensitive to all NAIs, except two (0.6%) with H273Y (N1 
numbering; H274Y in N2 numbering) substitution, exhibi-
ting reduced susceptibility to oseltamivir and peramivir, 
and one with previously unreported G140R and N144K 
substitutions, exhibiting reduced susceptibility to osel-
tamivir, zanamivir, and peramivir. All influenza A and B 
viruses were sensitive to laninamivir. It is unknown whe-

ther substitutions N325K, G140R, and N144K were present 
in the virus prior to culturing because clinical specimens 
were unavailable for testing [23]. Recently published data 
do not support a possible transfer of oseltamivir resi-
stance mutations from avian to human influenza A virus 
strains [22]. It has also been found that influenza viruses 
with B/Yamagata and B/Victoria-like neuraminidases are 
differentially affected by mutations that may alter the an-
tiviral susceptibility. Framework residue mutations E117A 
and E117G confer highly reduced inhibition to three of 
the four NAIs, but substantially reduced neuraminidase 
activity, whereas other framework mutations retained a 
greater level of NA activity. Mutations E105K, P139S and 
G140R of the monomeric interface were also found to 
cause highly reduced inhibition, but, interestingly, the-
ir effect was substantially greater in a B/Victoria-like 
neuraminidase than in a B/Yamagata-like neuraminida-
se, with some susceptibility values being up to 1000-fold 
different between lineages [7]. 

According to the global update on the susceptibility of 
human influenza viruses to neuraminidase inhibitors in 
2013-2014, approximately 2% of influenza strains sho-
wed highly reduced inhibition (HRI) against at least one 
of four NAIs, commonly oseltamivir, while 0.3% sho-
wed reduced inhibition (RI). Those showing HRI were 
A(H1N1)pdm09 with NA H275Y A(H3N2) with NA E119V, 
B/Victoria-lineage with NA E117G and B/Yamagata-li-
neage with NA H273Y (n=1); amino acid position num-
bering is A subtype and B type specific. Although appro-
ximately 98% of circulating viruses tested during the 
2013-2014 period were sensitive to all four NAIs, a large 
community cluster of A(H1N1)pdm09 viruses with the 
NA H275Y substitution from patients with no previous 
exposure to antivirals was detected in Hokkaido, Japan. 
Significant numbers of A(H1N1)pdm09 NA H275Y viru-
ses were also detected in China and the United States: 
phylogenetic analyses showed that the Chinese viruses 
were similar to those from Japan, while the United States 
viruses clustered separately from those of the Hokkaido 
outbreak, indicative of multiple resistance emergence 
events. Consequently, global surveillance of influenza 

Table 2. Persons at higher risk for influenza complications who are recommended for antiviral treatment [3]

children aged younger than 2 years

adults aged 65 years and older

persons with chronic pulmonary (including asthma), cardiovascular (except hypertension alone), renal, hepatic, hematological (including sickle cell disease), 
and metabolic disorders (including diabetes mellitus), or neurologic and neurodevelopment conditions (including disorders of the brain, spinal cord, peripheral 

nerve, and muscle, such as cerebral palsy, epilepsy [seizure disorders], stroke, intellectual disability [mental retardation], moderate to severe developmental delay, 
muscular dystrophy, or spinal cord injury)

persons with immunosuppression, including that caused by medications or by HIV infection;

women who are pregnant or postpartum (within 2 weeks after delivery)

persons aged younger than 19 years who are receiving long-term aspirin therapy

persons who are morbidly obese (i.e., body mass index is equal to or greater than 40); and

residents of nursing homes and other chronic care facilities
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antiviral susceptibility should be continued from a pu-
blic health perspective [28]. 

Conclusions

1. Neuraminidase inhibitors are potent antivirals for pro-
phylaxis and treatment of seasonal influenza, avian in-
fluenza and a future influenza pandemic.

2. Global collaboration and phenotypic and genotypic te-
sting of drug sensitivity of circulating influenza viruses 
for NA inhibitor sensitivity are critical.

3. In order to limit the risk of spreading resistant stra-
ins of influenza viruses to neuraminidase inhibitors, it 
is necessary to carefully diagnoses and treat all cases of 
seasonal and avian influenza.
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