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Antiviral resistance in influenza may not

only develop during treatment but also

sometimes transmit widely to replace

susceptible strains in the absence of drug

pressure. This transmission is exempli-

fied by the global spread of adamantane-

resistant A(H3N2) viruses since 2003,

oseltamivir-resistant seasonal A(H1N1)

viruses since 2007, and adamantane-re-

sistant pandemic A(H1N1) viruses in

2009, events that emphasize the un-

predictability of influenza viruses and

the increasing challenges of clinical

management of influenza, especially

given the current paucity of therapeutic

choices. Three articles in this issue of

The Journal of Infectious Diseases extend

these observations, describing the

plasticity of seasonal A(H1N1) viruses

in developing dual adamantane-oselta-

mivir resistance [1], the effects on drug

susceptibility and viral fitness of various

neuraminidase (NA) mutations in pan-

demic A(H1N1) viruses [2], and the risk

of nosocomial spread of oseltamivir-

resistant pandemic A(H1N1) virus [3].

Together, these findings illustrate that

single reassortment events or mutations

can lead to the emergence of transmissible

variants of pandemic 2009 or seasonal

A(H1N1) viruses unresponsive to most, if

not all, of our currently available drugs.

This raises multiple questions regarding

patient management and preparations for

future influenza outbreaks.

High-level adamantane resistance

rapidly develops during treatment and is

conferred by single amino acid changes

in the M2 ion channel, most notably at

S31N, that do not diminish viral repli-

cation or transmissibility [4, 5]. Until

several years ago, wide-scale spread of

oseltamivir-resistant viruses associated

with NA mutations, such as the H275Y

change that causes marked loss of osel-

tamivir susceptibility in N1-containing

viruses [6], was deemed unlikely in view

of observed reductions in viral infectivity

and virulence associated with the

H275Y change in earlier seasonal H1N1

viruses [7, 8]. However, this was clearly

not the case for the oseltamivir-

resistant A/Brisbane/59/07(H1N1) virus,

which transmitted very efficiently from

person to person, ultimately replaced

susceptible viruses in the absence of se-

lective drug pressure in much of the

world, and caused illness similar to that

caused by susceptible viruses, including

severe disease in at-risk patients [9–11].

The mechanisms for the undiminished

fitness of oseltamivir-resistant A/Bris-

bane/59/07(H1N1) virus are in-

completely understood, but the reduced

substrate affinity of the NA with H275Y

may have restored a balance between

hemagglutinin (HA) receptor-binding

and NA receptor-cleaving functionalities

altered by earlier NA mutations that

increased substrate affinity [12–14].

Further evidence of this hypothesis was

provided by recent studies showing that

NA mutations at sites outside of the

active enzyme site enhanced surface ex-

pression of properly folded NA and ap-

peared to facilitate the subsequent

emergence of the H275Y mutation,

possibly by restoring the functional bal-

ance between HA and NA [15]. Worry-

ingly, these observations suggest the

emergence of drug-resistant influenza

virus variants with higher transmission

fitness than that of the corresponding

susceptible virus by selective pressures

apparently unrelated to antiviral expo-

sure.

Of concern in this respect is the

finding by Pizzorno and colleagues [2]

that an I223V NA change not only in-

creased oseltamivir and peramivir re-

sistance of pandemic A(H1N1) virus

conferred by the H275Y NA change,
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similar to previous findings for seasonal

A(H1N1) and avian A(H5N1) viruses

[16], but also restored NA substrate af-

finity and replication fitness in vitro. Of

note, Garrison and coauthors identified

pandemic A(H1N1) virus infections

with dual H275Y and I223V NA muta-

tions in a pair of campers [17], and it is

tempting to speculate whether the I223V

change fostered transmission in this

event. An I223R mutation in pandemic

N1 is associated with 7- to 10-fold de-

creased susceptibility to zanamivir and

up to 45-fold decreased susceptibility to

oseltamivir [18–20]; the same mutation

in conjunction with H275Y causes fur-

ther reductions in NA inhibitor (NAI)

susceptibility, especially for oseltamivir

and peramivir [19, 21, 22]. Variants

harboring the I223R change emerged

and replicated to high titers during in-

travenous zanamivir treatment in 1 se-

verely immunocompromised patient in

whom H275Y had developed during

a previous course of oseltamivir treat-

ment [18]. In another immunocom-

promised host, the I223R mutation

emerged during oseltamivir therapy but

became predominant after subsequent

inhaled administration of zanamivir

[19]. Further studies of the fitness effects

of I223 mutations, alone and in con-

junction with H275Y in animal models,

and close monitoring of changes in the

I223 residue in N1 viruses are clearly

needed. In addition, because other mu-

tations may confer reduced susceptibility

to 1 or more NAIs in N1-containing

[21–26] and other influenza viruses,

continued surveillance using phenotypic

assays in addition to sequence-based

ones remains essential.

Complicating things further, dual

adamantane-oseltamivir resistance may

emerge and spread by reassortment or

mutation. The recent cocirculation of

different genetic groups of seasonal

A(H1N1) viruses with different antivi-

ral-susceptibility patterns, notably osel-

tamivir-resistant clade 2B A/Brisbane/

59/07(H1N1)-like and adamantane-

resistant clade 2C viruses, has fostered

the emergence of dually resistant variants.

Sporadic dually resistant clade 2B and

2C variants were reported in Cambodia

in 2007 and Hong Kong in 2008 [27,

28]. Dually resistant clade 2B A/Bris-

bane/59/07-like viruses that acquired an

M gene harboring the S31N mutation

from clade 2C were again detected in

Hong Kong in April 2009 and became

predominant within 2 months [29].

Sheu and colleagues confirm that several

routes to dual resistance have occurred

in seasonal A(H1N1) viruses, including

by exchange of M and NA genes between

clade 2B and 2C variants, by emergence

of adamantane-resistance mutations in

oseltamivir-resistant viruses with drug

treatment, by transmission from others,

or perhaps spontaneously [1]. To date,

oseltamivir resistance in pandemic

A(H1N1) viruses due to acquisition of

the NA from seasonal A(H1N1) virus

has not emerged, although such variants

have been generated in the laboratory

[30, 31], and co-infections by pandemic

A(H1N1) and oseltamivir-resistant sea-

sonal A(H1N1) viruses have been

documented [32]. Also human in-

fections by oseltamivir-resistant re-

assortant A(H1N1) viruses harboring

the HA and NA genes from an A/Bris-

bane/59/07(H1N1)-like virus and the

internal genes from a triple-reassortant

North American swine [33] and re-

assortants of swine influenza virus and

pandemic A(H1N1) viruses [34] have

been reported, raising the possibility that

swine may severe as source for novel vi-

ruses with antiviral resistance. One recent

study found reduced replication and

transmission of a reassortant pandemic

A(H1N1) virus containing the oseltami-

vir-resistant NA from a seasonal

A(H1N1) virus in ferrets [35], but an-

other found enhanced infectivity in mice

[31], so more work is needed. Fortu-

nately, seasonal A(H1N1) viruses have

been largely replaced by the pandemic

A(H1N1) virus, which diminishes the

likelihood that such oseltamivir-resistant

reassortants will emerge in the future.

However, the potential for resistant

variants emerging in nonhuman hosts

and for rapid changes in local antiviral-

susceptibility patterns emphasizes the

need for timely monitoring at both

community and global levels.

Because of pre-existing adamantane

resistance (S31N mutation in M2) in

almost all pandemic A(H1N1) viruses,

acquisition of oseltamivir resistance in-

evitably leads to dual resistance in this

virus. To date, oseltamivir resistance in

pandemic A(H1N1) viruses has been

related almost exclusively to acquisition

of the H275Y mutation during treat-

ment, especially in immunocompro-

mised hosts, or less often during

prophylaxis, and has been uncommon

(304 cases confirmed worldwide as of

August 2010) [36, 37]. Even in Japan,

where the largest per capita amounts of

oseltamivir were used during the pan-

demic response, approximately 1% of

more than 6000 isolates possessed the

H275Y mutation, although 9 of 69 were

from patients not exposed to oseltamivir

to suggest possible community trans-

mission [20]. In studies employing se-

quential virologic sampling, the risk of

H275Y emerging in oseltamivir-treated

outpatients has been low (0 to ,2%)

[38–42], much less than that reported

previously in studies of children infected

with seasonal A(H1N1) viruses [43].

Except in immunocompromised hosts,

resistance rates also appear relatively low

in hospitalized patients [44–46]. Whereas

these observations may be somewhat

reassuring, infections with oseltamivir-

resistant pandemic A(H1N1) viruses have

caused typical influenza illnesses, including

severe and fatal disease, particularly in

immunocompromised hosts [36, 47, 48].

Not surprisingly, immunocompromised

hosts and, less often, apparently, immu-

nocompetent patients hospitalized with

pneumonia have the highest risks of

developing oseltamivir resistance during

treatment [44, 46–49]. Moreover, in

lymphopenic patients, resistant virus may

persist for weeks after cessation of osel-

tamivir treatment, providing a reservoir

for possible transmission to other
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high-risk patients and indicating that such

patients should be a high priority for

targeted susceptibility monitoring [3, 44,

47, 50]. Indeed, oseltamivir-resistant

pandemic A(H1N1) variants may be

transmitted efficiently, as exemplified by

reports of nosocomial transmission both

by Moore and colleagues [3] and in an-

other hematology-oncology unit [36], by

another reported cluster of infection in

the community [51], and by the finding

that a substantial fraction (about 8–10%)

of resistant variants have been recovered

from untreated persons with no epide-

miological link [37, 52]. As in an earlier

report of nosocomial transmission of

oseltamivir-resistant seasonal A(H1N1)

[10], the routes of transmission in the

report by Moore and colleagues were not

clear, and healthcare workers might have

played a role. Such observations highlight

the importance of stringent infection-

control practices and mandatory in-

fluenza immunization of healthcare

workers involved in the care of high-risk

patients.

The threat of resistance poses major

challenges in clinical management of

seasonal and pandemic influenza. Moni-

toring of viral clearance during treatment

of influenza in immunocompromised

and seriously ill hospitalized patients is

needed. Unfortunately, options for rapid

detection of resistance are currently lim-

ited, and most available assays target only

the H275Y mutation. When resistance

emergence is not recognized, prolonged

use of suboptimal or ineffective therapy

may lead to selection of highly resistant

viral populations and potentially other

mutations. Consequently, decisions often

need to be based on clinical and virologic

responses, and switches to other antivirals

made empirically. The choice of alterna-

tive antivirals in these situations is very

limited. The high prevalence of ada-

mantane resistance in circulating in-

fluenza A viruses indicates no role for

these agents at present, outside of clinical

trials. Zanamivir is currently the only

widely approved agent with antiviral

activity against oseltamivir-resistant

A(H1N1) viruses. The commercial form

is likely adequate for prophylaxis, espe-

cially in management of outbreaks in-

volving immunocompromised hosts and

treatment of uncomplicated illness [53],

but the safety and effectiveness of orally

inhaled or nebulized zanamivir have not

been established in more seriously ill

patients, and the lactose carrier can in-

terfere with ventilator filters [54]. In-

travenous NAIs provide reliable drug

delivery in such patients but are currently

investigational in most countries. Unlike

zanamivir, peramivir is 57- to 263-fold

less inhibitory for pandemic A(H1N1)

viruses with the H275Y mutation in en-

zyme inhibition assays [2, 47]. Whereas

multiple peramivir doses were inhibitory

for 1 laboratory A(H1N1) strain with this

mutation in mice [55], single doses ap-

peared to be no better than a 5-day

oseltamivir regimen in oseltamivir-re-

sistant seasonal A(H1N1)-infected adults

[56] and failed to reduce replication in 1

immunocompromised patient with osel-

tamivir-resistant pandemic A(H1N1) ill-

ness [47]. More data are needed before

peramivir may be considered for use in

high-risk persons with suspected or

proven oseltamivir-resistant A(H1N1)

infections, and intravenous zanamivir

presently would be the most reasonable

antiviral choice when oseltamivir-re-

sistance is proven or suspected in seri-

ously ill pandemic A(H1N1) patients [3,

57–60].

Combination antiviral therapy makes

strong theoretical sense in efforts to

rapidly control replication and reduce

the emergence of resistance, particularly

in immunocompromised and seriously

ill patients. However, the current thera-

peutic armamentarium approved for use

in combinations is limited, and there are

no published data from adequately

powered, controlled clinical trials. In

murine models of adamantane-resistant

A(H5N1) infection, the addition of

amantadine to oseltamivir was no more

effective than oseltamivir monotherapy

[61, 62]. Combinations of oseltamivir

and zanamivir have been used in

individual patients [3], but concentra-

tion-dependent additivity to antagonism

has been reported in vitro for pandemic

A(H1N1) strains [63], and a recent

randomized study in A(H3N2)-infected

ambulatory patients indicated that the

antiviral and clinical efficacies of the

combination of oral oseltamivir and in-

haled zanamivir were similar to inhaled

zanamivir alone and inferior to oral

oseltamivir alone [64]. Consequently,

more pre-clinical studies are needed to

determine the antiviral activities of this

combination for both oseltamivir-sus-

ceptible and oseltamivir-resistant strains.

Oseltamivir combined with systemic ri-

bavirin shows primarily additive antivi-

ral effects in murine models [62, 65].

Interestingly, a triple-drug regimen of

oseltamivir, ribavirin, and amantadine

was reported to show synergy in vitro for

adamantane- or oseltamivir-resistant

strains [63], and unpublished data in-

dicate survival benefits in mice infected

with an amantadine-resistant pandemic

A(H1N1) strain, compared to oseltami-

vir monotherapy and dual combina-

tions. Although the mechanisms remain

unclear, initial clinical studies of this

regimen are in progress. Of note, illness

in 1 highly immunocompromised pa-

tient progressed despite the use of the

triple-drug regimen [66]. Promising in-

vestigational agents to be studied in

combination with NAIs include the

polymerase inhibitor favipiravir, the

receptor-destroying sialidase DAS181,

broadly reactive heterosubtypic mono-

clonal antibodies, and convalescent

plasma or hyperimmune globulin.

However, there is also a need for de-

veloping new influenza antivirals with

novel mechanisms of action. The design

of future clinical trials needs to be

guided by a better understanding of the

relationships between viral-replication

measures at different sites in the re-

spiratory tract, disease pathogenesis bio-

markers such as plasma cytokines and

chemokines, and clinical outcomes [67].

Such information will ensure more rapid

development and testing of alternative
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antiviral regimens for use in immuno-

compromised hosts and seriously ill

hospitalized patients to address their

unmet medical needs and the associ-

ated public health concerns, particularly

the continuing threat of antiviral

resistance.

References

1. Sheu TG, Fry AM, Garten RJ, Deyde VM,

et al. Dual resistance to adamantanes and

oseltamivir among seasonal influenza

A(H1N1) viruses: 2008-2010. J Infect Dis

2010; 203:13–17.

2. Pizzorno A, Bouhy X, Abed Y, Boivin G.

Generation and characterization of re-

combinant pandemic influenza A(H1N1)

viruses resistant to neuraminidase in-

hibitors. J Infect Dis 2010; 203:25–31.

3. Moore C, Galiano M, Lackenby A, et al.

Evidence of person to person transmission

of oseltamivir resistant pandemic influenza

A(H1N1) 2009 virus in a hematology unit.

J Infect Dis 2010; 203:18–24.

4. Abed Y, Goyette N, Boivin G. Generation

and characterization of recombinant in-

fluenza A(H1N1) viruses harboring aman-

tadine resistance mutations. Antimicrob

Agents Chemother 2005; 49:556–9.

5. Nelson MI, Simonsen L, Viboud C, Miller

MA, Holmes EC. The origin and global

emergence of adamantane resistant

A(H3N2) influenza viruses. Virology 2009;

388:270–8.

6. Gubareva LV, Kaiser L, Matrosovich MN,

Soo-Hoo Y, Hayden FG. Selection of

influenza virus mutants in experimentally

infected volunteers treated with oseltamivir.

J Infect Dis 2001; 183:523–31.

7. Ives JA, Carr JA, Mendel DB, et al. The

H274Y mutation in the influenza A(H1N1)

neuraminidase active site following oselta-

mivir phosphate treatment leave virus se-

verely compromised both in vitro and

in vivo. Antivir Res 2002; 55:307–17.

8. Herlocher ML, Truscon R, Elias S, et al.

Influenza viruses resistant to the antiviral

drug oseltamivir: transmission studies in

ferrets. J Infect Dis 2004; 190:1627–30.

9. Ciancio BC, Meerhoff TJ, Kramarz P, et al.

Oseltamivir-resistant influenza A(H1N1)

viruses detected in Europe during season

2007-8 had epidemiologic and clinical

characteristics similar to co-circulating sus-

ceptible A(H1N1) viruses. Euro Surveill

2009; 14.

10. Gooskens J, Jonges M, Claas EC, Meijer A,

van den Broek PJ, Kroes AM. Morbidity and

mortality associated with nosocomial

transmission of oseltamivir-resistant in-

fluenza A(H1N1) virus. JAMA 2009;

301:1042–6.

11. Dharan NJ, Gubareva LV, Meyer JJ, et al.

Infections with oseltamivir-resistant in-

fluenza A(H1N1) virus in the United States.

JAMA 2009; 301:1034–41.

12. Rameix-Welti MA, Enouf V, Cuvelier F,

Jeannin P. van der Werf S. Enzymatic

properties of the neuraminidase of seasonal

H1N1 influenza viruses provide insights for

the emergence of natural resistance to osel-

tamivir. PLoS Pathog 2008; 4:e1000103.

13. Collins PJ, Haire LF, Lin YP, et al. Structural

basis for oseltamivir resistance of influenza

viruses. Vaccine 2009; 27:6317–23.

14. Casalegno JS, Bouscambert-Duchamp M,

Caro V, et al. Oseltamivir-resistant influenza

A(H1N1) viruses in south of France, 2007/

2009. Antivir Res 2010; 87:242–8.

15. Bloom JD, Gong LI, Baltimore D. Permis-

sive secondary mutations enable the evolu-

tion of influenza oseltamivir resistance.

Science 2010; 328:1272–5.

16. Hurt AC, Holien JK, Barr IG. In vitro gen-

eration of neuraminidase inhibitor resistance

in A(H5N1) influenza viruses. Antimicrob

Agents Chemother 2009; 53:4433–40.

17. Garrison M, Weldon L, Brantley P, Wolf L,

et al. Oseltamivir-resistant 2009 pandemic

influenza A(H1N1) virus infection in two

summer campers receiving prophylaxis—

North Carolina, 009. MMWR Morb Mortal

Wkly Rep 2009; 58:969–72.

18. van der Vries E, Stelma FF, Boucher CAB.

Emergence of a multidrug-resistant pan-

demic influenza A(H1N1) virus. N Engl J

Med 2010; 363:1381–2.

19. Rousset D, Goff J, Abou-Jaoude G, Molina

J, et al. Emergence of successive mutations

in the neuraminidase of the pandemic

H1N1 virus respectively associated with

oseltamivir resistance and reduced suscep-

tibility to both oseltamivir and zanamivir

under treatment with neuraminidase in-

hibitors [abstract P-198]. Program and ab-

stracts of the International Society for

Influenza and other Respiratory Virus Dis-

eases Hong Kong SAR, China: Options for

the Control of Influenza VII 2010; 162:2010.

20. Takashita E, Ujike M, Ejima M, et al. De-

tection and characterizations of oseltamivir-

resistant pandemic influenza A(H1N1) 2009

viruses in the 2009/10 season in Japan [ab-

stract P-175]. Program and abstracts of the

International Society for Influenza and

other Respiratory Virus Diseases Hong

Kong SAR, China: Options for the Control

of Influenza VII 2010; 149:2010.

21. Gubareva L, Nguyen H, Sleeman K, Bal-

lenger K, et al. Comprehensive assessment

of the drug susceptibility of 2009 H1N1 in-

fluenza viruses [abstract O-821]. In: Program

and abstracts of the International Society for

Influenza and other Respiratory Virus Dis-

eases Hong Kong SAR, China: Options for

the Control of Influenza VII 2010; 18:2010.

22. Nguyen H, Fry A, Loveless PA, Klimov AI,

Gubareva LV. Recovery of a multidrug-

resistant strain of pandemic influenza A 2009

(H1N1) virus carrying a dual H275Y/I223R

mutation from a child after prolonged

treatment with oseltamivir. Clin Infect Dis

2010; 51:983–4.

23. Boltz DA, Douangngeun B, Phommachanh

P, et al. Emergence of H5N1 avian influenza

viruses with reduced sensitivity to neur-

aminidase inhibitors and novel reassortants

in Lao People’s Democratic Republic. J Gen

Virol 2010; 91(Pt 4):949–59.

24. Okomo-Adhiambo M, Nguyen HT,

Sleeman K, et al. Host cell selection of in-

fluenza neuraminidase variants: implications

for drug resistance monitoring in A(H1N1)

viruses. Antivir Res 2010; 85:381–8.

25. Hurt AC, Holien JK, Parker M, Kelso A,

Barr IG. Zanamivir-resistant influenza vi-

ruses with a novel neuraminidase mutation.

J Virol 2009; 83:10366–73.

26. Earhart KC, Elsayed NM, Saad MD, et al.

Oseltamivir resistance mutation N294S in

human influenza A(H5N1) virus in Egypt.

J Infect Public Health 2009; 2:74–80.

27. Hurt AC, Ernest J, Deng YM, et al. Emer-

gence and spread of oseltamivir-resistant

A(H1N1) influenza viruses in Oceania,

South East Asia and South Africa. Antivir

Res 2009; 83:90–3.

28. Cheng PK, Leung TW, Ho EC, et al.

Oseltamivir- and amantadine-resistant in-

fluenza viruses A(H1N1). Emerg Infect Dis

2009; 15:966–8.

29. Cheng PK, To AP, Leung TW, Leung PC,

Lee CW, Lim WW. Oseltamivir- and

amantadine-resistant influenza virus

A(H1N1). Emerg Infect Dis 2010; 16:155–6.

30. Ottmann M, Duchamp MB, Casalegno JS,

et al. Novel influenza A(H1N1) 2009 in

vitro reassortant viruses with oseltamivir

resistance. Antivir Ther 2010; 15:721–6.

31. Ferraris O, Ottmann M, Bouscambert-

Duchamp M. Virulence of oseltamivir

resistant A(H1N1) reassortant viruses ob-

tained from coinfection between pandemic

A(H1N1) 2009 and an oseltamivir resistant

(H275Y) Brisbane-like A(H1N1) [abstract

P-181]. In: Program and abstracts of the

International Society for Influenza and

other Respiratory Virus Diseases Hong

Kong SAR, China: Options for the Control

of Influenza VII 2010; 152:2010.

32. Peacey M, Richard J. Hall, Sonnberg S,

et al. Pandemic (H1N1) 2009 and

Seasonal Influenza A(H1N1) Co-infection,

New Zealand, 2009. Emerging Infectious

Diseases 2010; 16:1618–20.

33. Bastien N, Antonishyn NA, Brandt K, et al.

Human infection with a triple-reassortant

swine influenza A(H1N1) virus containing

the hemagglutinin and neuraminidase genes

of seasonal influenza virus. J Infect Dis

2010; 201:1178–82.

34. Vijaykrishna D, Poon LLM, Zhu HC, et al.

Guan.Reassortment of Pandemic H1N1/

2009 Influenza A Virus in Swine. Science

2010; 328:1529.

35. Seibert CW, Kaminski M, Philipp J, et al.

Oseltamivir-resistant variants of the 2009

pandemic H1N1 influenza A virus are not

EDITORIAL COMMENTARY d JID 2011:203 (1 January) d 9



attenuated in the guinea pig and ferret trans-

mission models. J Virol 2010; 84:11219–26.

36. World Health Organization. Update on

oseltamivir-resistant pandemic A(H1N1)

2009 influenza virus: January 2010. Wkly

Epidemiol Rec 2009; 85:37–40.

37. World Health Organization. Influenza-up-

date 115, http://www.who.int/csr/don/

2010_08_27/en/index.html. 2010.

38. Meijer A, Boucher C, van den Broek PJ,

Hahne S. Clinical findings, viral loads, re-

sponse to therapy, and resistance monitor-

ing in the first 126 patients with pandemic

A(H1N1) 2009 influenza in the Netherlands

[abstract O-827]. In: Program and abstracts

of the International Society for Influenza

and other Respiratory Virus Diseases Hong

Kong SAR, China: Options for the Control

of Influneza VII 2010; 24:2010.

39. Schutten M, Boucher C, Lina B, Monto A,

et al. Neuraminidase inhibitor (NAI) treat-

ment in a 2009-H1N1 influenza A-infected

patient population: the IRIS study [abstract

P-167]. Program and abstracts of the In-

ternational Society for Influenza and other

Respiratory Virus Diseases Hong Kong SAR,

China: Options for the Control of Influenza

VII 2010; 144:2010.

40. Lackenby A, Miah S, Medina M-J, et al.

A study to assess emergence and trans-

missibility of neuraminidase inhibitor re-

sistance following treatment of children and

adults with acute pandemic influenza [ab-

stract P-185]. In: Program and abstracts of

the International Society for Influenza and

other Respiratory Virus Diseases Hong

Kong SAR, China: Options for the Control

of Influenza VII 2010; 154:2010.

41. Lackenby A, Powers C, Eliot AJ, et al. An-

tiviral susceptibility of pandemic influenza

in a self-sampling, oseltamivir treated

community surveillance scheme in the UK

[abstract P-186]. Program and abstracts of

the International Society for Influenza and

other Respiratory Virus Diseases Hong

Kong SAR, China: Options for the Control

of Influenza VII 2010; 154:2010.

42. Hien TT, Boni MF, Bryant JE, et al. Early

pandemic influenza (2009 H1N1) in Ho Chi

Minh City, Vietnam: a clinical virological

and epidemiological analysis. PLoS Med

2010; 7:e1000277.

43. Stephenson I, Democratis J, Lackenby A, et al.

Neuraminidase inhibitor resistance after osel-

tamivir treatment of acute influenza A and B

in children. Clin Infect Dis 2009; 48:389–96.

44. Harvala H, Gunson R, Simmonds P, et al.

The emergence of oseltamivir-resistant

pandemic influenza A(H1N1) 2009 virus

amongst hospitalised immunocompromised

patients in Scotland, November-December,

2009. Euro Surveill 2010; 15.

45. Lee N, Chan P, Wong C, Wong K, et al. Slow

viral clearance and hyperactivated in-

flammatory responses in adults hospitalized

for sefere pandemic 2009 influenza A(H1N1)

virus pneumonia [abstract O-828]. Program

and abstracts of the International Society for

Influenza and other Respiratory Virus Dis-

eases Hong Kong SAR, China: Options for

the Control of Influenza VII 2010; 24:2010.

46. To KK, Hung IF, Li IW, et al. Delayed

clearance of viral load and marked cytokine

activation in severe cases of pandemic H1N1

2009 influenza virus infection. Clin Infect

Dis 2010; 50:850–9.

47. Memoli MJ, Hrabal RJ, Hassantoufighi A,

Eichelberger MC, Taubenberger JK. Rapid

selection of oseltamivir- and peramivir-

resistant pandemic H1N1 virus during

therapy in 2 immunocompromised hosts.

Clin Infect Dis 2010; 50:1252–5.

48. Tramontana AR, George B, Hurt AC, et al.

Oseltamivir resistance in adult oncology and

hematology patients infected with pandemic

(H1N1) 2009 virus, Australia. Emerg Infect

Dis 2010; 16:1068–75.

49. Wang B, Dwyer DE, Blyth CC, et al. Detection

of the rapid emergence of the H275Y muta-

tion associated with oseltamivir resistance in

severe pandemic influenza virus A(H1N1) 09

infections. Antivir Res 2010; 87:16–21.

50. Gooskens J, Jonges M, Claas EC, Meijer A,

Kroes AC. Prolonged influenza virus in-

fection during lymphocytopenia and fre-

quent detection of drug-resistant viruses.

J Infect Dis 2009; 199:1435–41.

51. Le QM, Wertheim HF, Tran ND, van Doorn

HR, Nguyen TH, Horby P. A community

cluster of oseltamivir-resistant cases of 2009

H1N1 influenza. N Engl J Med 2010;

362:86–7.

52. Chen H, Cheung CL, Tai H, et al. Oseltamivir-

resistant influenza A pandemic (H1N1) 2009

virus, Hong Kong, China. Emerg Infect Dis

2009; 15:1970–2.

53. World Health Organization. WHO guide-

lines for pharmacological management of

pandemic influenza A(H1N1) 2009 and

other influenza viruses. Geneva: World

Health Organization (WHO), 2010. http://

www.who.int/csr/resources/publications/

swineflu/h1n1_guidelines_pharmaceutical

_mngt.pdf. 2010.

54. Kiatboonsri S, Kiatboonsri C, Theerawit P.

Fatal respiratory events caused by zanamivir

nebulization. Clin Infect Dis 2010; 50:620.

55. Abed Y, Simon P, Boivin G. Prophylactic

activity of intramuscular peramivir in mice

infected with a recombinant influenza A/

WSN/33 (H1N1) virus containing the

H274Y neuraminidase mutation. Anti-

microb Agents Chemother 2010; 54:

2819–22.

56. Kohno S, Yen MY, Cheong JH, et al. Single-

intravenous peramivir vs oral oseltamivir to

treat acute, uncomplicated influenza in the

outpatient setting: A Phase III randomized,

double-blind trial [abstract V-537a]. Pro-

gram and abstracts ot the 49th Interscience

Conference on Antimicrobial Agents and

Chemotherapy (San Francisco). 38. Wash-

ington, DC: American Society for Microbi-

ology, 2009:9–A.D.

57. Dulek DE, Williams JV, Creech CB, et al.

Use of intravenous zanamivir after de-

velopment of oseltamivir resistance in

a critically ill immunosuppressed child in-

fected with 2009 pandemic influenza

A(H1N1) virus. Clin Infect Dis 2010;

50:1493–6.

58. Gaur AH, Bagga B, Barman S, et al.

Intravenous zanamivir for oseltamivir-

resistant 2009 H1N1 influenza. N Engl J

Med 2010; 362:88–9.

59. Englund J, Zerr D, Heath J, et al. Oseltamivir-

resistant novel influenza A(H1N1) virus

infection in two immunosuppressed

patients—Seattle, Washington, 2009. MMWR

Morb Mortal Wkly Rep 009; 58:893–6.

60. Kidd IM, Down J, Nastouli E, et al. H1N1

pneumonitis treated with intravenous za-

namivir. Lancet 2009; 374:1036.

61. Ilyushina NA, Hoffmann E, Salomon R,

Webster RG, Govorkova EA. Amantadine-

oseltamivir combination therapy for H5N1

influenza virus infection in mice. Antivir

Ther 2007; 12:363–70.

62. Smee DF, Hurst BL, Wong MH,

Bailey KW, Morrey JD. Effects of double

combinations of amantadine, oseltamivir,

and ribavirin on influenza A (H5N1) virus

infections in cell culture and in mice.

Antimicrob Agents Chemother 2009;

53:2120–8.

63. Nguyen JT, Hoopes JD, Le MH, et al.

Triple combination of amantadine, ribavi-

rin, and oseltamivir is highly active and

synergistic against drug resistant influenza

virus strains in vitro. PLoS One 2010;

5:e9332.

64. Duval X, van der Werf T, Blanchon T, et al.

Efficacy of Oseltamivir-Zanamivir Combi-

nation Compared to Each Monotherapy for

Seasonal Influenza: A Randomized Placebo-

Controlled Trial. PloS Med 2010;

7(11):e1000362.

65. Ilyushina NA, Hay A, Yilmaz N, Boon AC,

Webster RG, Govorkova EA. Oseltamivir-

ribavirin combination therapy for highly

pathogenic H5N1 influenza virus infection

in mice. Antimicrob Agents Chemother

2008; 52:3889–97.

66. Campbell AP, Jacob ST, Kuypers J, et al.

Respiratory failure caused by 2009 novel

influenza A(H1N1) in a hematopoietic

stem-cell transplant recipient: Detection of

extrapulmonary H1N1 RNA and use of in-

travenous peramivir. Ann Intern Med 2010;

152:619–20.

67. Ison MG, de Jong MD, Gilligan KJ, et al.

End points for testing influenza antiviral

treatments for patients at high risk of severe

and life-threatening disease. J Infect Dis

2010; 201:1654–62.

10 d JID 2011:203 (1 January) d EDITORIAL COMMENTARY

http://www.who.int/csr/don/2010_08_27/en/index.html
http://www.who.int/csr/don/2010_08_27/en/index.html
http://www.who.int/csr/resources/publications/swineflu/h1n1_guidelines_pharmaceutical_mngt.pdf
http://www.who.int/csr/resources/publications/swineflu/h1n1_guidelines_pharmaceutical_mngt.pdf
http://www.who.int/csr/resources/publications/swineflu/h1n1_guidelines_pharmaceutical_mngt.pdf
http://www.who.int/csr/resources/publications/swineflu/h1n1_guidelines_pharmaceutical_mngt.pdf

