
Influenza Virus Resistance to Antiviral Agents: A Plea for Rational
Use

Gregory A. Poland1,2,3,4, Robert M. Jacobson1,3, and Inna G. Ovsyannikova1,2,4
1 Mayo Vaccine Research Group, Mayo Clinic, Rochester, Minnesota
2 Department of Internal Medicine, Mayo Clinic, Rochester, Minnesota
3 Department of Pediatric and Adolescent Medicine, Mayo Clinic, Rochester, Minnesota
4 Program in Translational Immunovirology and Biodefense, Mayo Clinic, Rochester, Minnesota

Abstract
Although influenza vaccine can prevent influenza virus infection, the only therapeutic options to
treat influenza virus infection are antiviral agents. At the current time, nearly all influenza A/H3N2
viruses and a percentage of influenza A/H1N1 viruses are adamantane resistant, which leaves only
neuraminidase inhibitors available for treatment of infection with these viruses. In December 2008,
the Centers for Disease Control and Prevention released new data demonstrating that a high
percentage of circulating influenza A/H1N1 viruses are now resistant to oseltamivir. In addition,
oseltamivir-resistant influenza B and A/H5N1 viruses have been identified. Thus, use of
monotherapy for influenza virus infection is irrational and may contribute to mutational pressure for
further selection of antiviral-resistant strains. History has demonstrated that monotherapy for
influenza virus infection leads to resistance, resulting in the use of a new monotherapy agent followed
by resistance to that new agent and thus resulting in a background of viruses resistant to both drugs.
We argue that combination antiviral therapy, new guidelines for indications for treatment, point-of-
care diagnostic testing, and a universal influenza vaccination recommendation are critical to
protecting the population against influenza virus and to preserving the benefits of antiviral agents.

Vaccines, antiviral agents, and personal protective nonpharmacological measures are the only
tools we currently have to prevent or treat influenza virus infection. Vaccines are designed to
prevent infection and its consequences, whereas antiviral agents can both prevent and treat
infection. At the current time, only 2 classes of influenza antiviral agents are currently licensed
in the United States—M2 ion channel inhibitors and neuraminidase inhibitors. Resistance to
both M2 ion channel and neuraminidase inhibitors is usually conferred by a single point
mutation in critical residues of the M2 and neuraminidase proteins, respectively [1–3]. Data
demonstrate that influenza A viruses resistant to amantadine and rimantadine can emerge
quickly during treatment, as early as 2–3 days after initiation of drug therapy [4]. The M2 ion
channel inhibitors (amantadine and rimantadine) are ineffective against influenza B strains
and, since 2003 in China and 2005 in the United States, are recognized to have extremely
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limited clinical utility because of worldwide influenza A virus resistance to these 2 drugs [1,
5].

On 12 December 2008, the Centers for Disease Control and Prevention released data showing
a high level of oseltamivir resistance but susceptibility to zanamivir among nearly all influenza
A/H1N1 isolates [6]. All influenza A/H1N1 isolates were susceptible to the adamantanes,
whereas all influenza A/H3N2 isolates were resistant to the adamantanes. In addition,
emergence of influenza B viruses with reduced susceptibility to neuraminidase inhibitors has
been reported [7,8]. Thus far in the 2008–2009 influenza season, 33% of antigenically
characterized influenza virus–positive specimens in the United States have been influenza A/
H1N1 virus [9]. Controversy exists as to the origin of these oseltamivir-resistant influenza A/
H1N1 viruses, because they are more common in countries with less use of oseltamivir (e.g.,
Norway and South Africa) than in other countries [10,11]. However, with rapid global travel,
the emergence of resistant viruses from Asia (it is of concern that Japan has a high population
use of oseltamivir and has used drug dosing regimens in children that effectively led to
widespread underdosing), and a dynamic evolutionary background in which selective pressures
can lead to de novo mutations, the exact origin of these variants and what led to their origin
remain unclear. Of concern, however, is that these oseltamivir-resistant viruses appear fit and
persistent and are transmissible from person to person [10,12].

At this point, the neuraminidase inhibitors are the sole remaining class of drugs available to
prevent or treat influenza A and B virus infection. Likely because of ease of use, oseltamivir
(Tamiflu; Roche) has been used preferentially over inhaled zanamivir (Relenza;
GlaxoSmithKline) for prophylaxis and treatment. Oseltamivir-resistant viruses usually remain
susceptible to zanamivir, because the most common neuraminidase-resistant mutational
change (H274Y) affects the ability of oseltamivir, but not that of zanamivir, to bind to the
active pocket adjacent to the active site of the neuraminidase enzyme [12]. Nonetheless, in
conjuction with the widespread use of oseltamivir, there have been reports of resistance to this
drug among influenza A/H3N2 isolates, including antiviral-resistant isolates in specimens
obtained from patients not receiving treatment with oseltamivir [13,14]. In addition to
resistance among seasonal influenza A/H1N1 viruses, at least 2 documented cases involving
children with influenza A/H5N1 virus infection have demonstrated isolates with oseltamivir
susceptibility that changed to resistance while the children were receiving oseltamivir therapy
[15]. Resistance to oseltamivir has also been detected in 1%–2% of isolates obtained from
adults, but it is more common among strains obtained from children, with resistant strains
developing in 5%–18% of treated children [16,17].

These events should not be surprising. Influenza A viruses are segmented RNA viruses with
extraordinarily high mutational rates. Any antiviral pressure will inevitably lead to mutational
changes. What is surprising is the widespread use of these drugs as monotherapy for
prophylaxis and treatment. Given the biology of these viruses and the clear and increasingly
worrisome evidence of rapidly evolving resistance to these drugs, such single-drug use is not
rational. There is no other rapidly mutating RNA viral infection in humans that we would treat
with a single drug. Such viral infections are treated with multidrug therapy in an attempt to
prevent the development of viral quasi-species that are drug resistant and to avoid driving
further antiviral resistance (i.e., mutational pressure) and losing the benefit of each drug.
Moreover, although the risk of developing antiviral quasi-species is greater in more-persistent
infections (e.g., hepatitis B virus, hepatitis C virus, and HIV infections), it nonetheless does
occur in the context of large subgroups of patients who receive treatment or longer-term
prophylaxis—particularly among children and immunocompromised patients who shed virus
for longer periods of time and for whom transmissibility of such variants has occurred [12,
14,18–20].
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To date, oseltamivir-resistant viruses are usually susceptible to zanamivir, but with the
increasing resistance to oseltamivir worldwide and the increasing use of zanamivir
monotherapy, it is quite possible that we may begin to see the development of zanamivir
resistance. At least 2 studies have isolated influenza B viruses resistant to both oseltamivir and
zanamivir [8,21]. This illustrates a dangerous and irrational therapeutic trend—the sequential
use of antiviral drugs, starting one drug after the development of resistance to another drug.
Such use in immunocompromised persons led to the development of dual resistance to
oseltamivir and M2 ion channel inhibitors [22]. These usage and resistance patterns are
particularly important in situations in which significant morbidity and mortality are likely—
such as in influenza A/H5N1 virus infection or in other novel influenza virus or influenza A
virus infections among immunocompromised or elderly individuals for whom prolonged
treatment and the opportunity for development of antiviral resistance and transmission of
resistant viruses may be more likely.

It is time to consider a more rational use of antiviral agents against influenza virus, including
point-of-care testing, better algorithms for clinical use (perhaps restricting use to patients likely
to develop life-threatening complications and infections), and the use of at least 2 drugs to
prevent antiviral resistance from developing—ideally, using drugs with different mechanisms
of action. Although the use of ≥2 agents may increase costs in the short term, the long-term
clinical and economic advantages of avoiding multidrug-resistant influenza strains potentially
far outweigh such concerns. For example, recognition of these issues may provide an
opportunity to pursue development of a combination medication that incorporates ≥2 antiviral
agents in 1 formulation. This also requires ongoing research in the development of additional
influenza antiviral drugs with different mechanisms of action, such as targeting inhibition of
viral attachment, polymerase inhibition, and other novel strategies. In addition, further clinical
research on the efficacy and safety of a multidrug regimen is urgently needed to determine the
potential for drug-drug interactions, adverse effects, efficacy, and other important outcomes.
Early data involving the use of both oseltamivir and zanamivir in combination treatment,
however, has demonstrated efficacy with no evidence of antiviral resistance [23,24]. A
controlled clinical trial of oral rimantadine and aerosolized zanamivir versus rimantadine alone
for treatment of adults with influenza virus infection complicated by serious lower respiratory
tract involvement demonstrated a shorter duration of viral detection in the combination
treatment group. The only antiviral-resistant isolates emerged from the rimantadine
monotherapy treatment arm [25]. Pre-clinical in vitro and animal studies have also
demonstrated reduced emergence of resistant influenza virus variants with the use of
combination therapy [19,26].

In the meantime, given temporal and geographic changes and the shifts in antiviral drug
resistance among influenza viruses, as well as rapid global travel, further research into rapid
and inexpensive methods for point-of-care influenza virus subtyping is needed to provide a
rational basis for therapeutic drug selection. Moreover, it would be shortsighted to lose the
ability to manufacture antiviral agents to which currently circulating influenza A viruses are
resistant. Over time, susceptible strains appear to reemerge, as we are beginning to see for the
adamantanes. Finally, it is important to stress that the mainstay of influenza prevention remains
the use of influenza vaccines. In the United States, ~85% of the population fits into a risk or
occupational group that is already recommended to receive influenza vaccine. At the urging
of one of us (G.A.P.), the Advisory Committee on Immunization Practices has signaled its
intent to move toward a universal recommendation for all persons aged ≥6 months to receive
annual influenza immunization. Current US recommendations call for routine vaccination of
persons aged 6 months–18 years and persons aged ≥50 years. A universal influenza vaccination
recommendation would allow influenza antiviral agents to be reserved for use for persons who
cannot receive vaccine or who, despite vaccination, develop life-threatening infection (e.g.,
immunocompromised individuals). In support of this recommendation, a Cochrane review of
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the use of influenza antiviral agents in adults concluded that only oseltamivir or zanamivir
should be used and only in the case of influenza pandemics and severe epidemics [27]. At the
Advisory Committee on Immunization Practices meeting on 25 February 2009, the committee
adopted recommendations that essentially recommended universal vaccination, stating that
“that annual influenza immunization is recommended for any adult who wants to reduce the
risk of becoming ill with influenza or transmitting it to others.” A policy of universal influenza
vaccination would reduce the mutational pressure on influenza viruses and diminish the
development of antiviral resistance, as well as prevent or at least reduce the tremendous annual
morbidity and mortality burden due to influenza.

In conclusion, continued use of antiviral monotherapy against influenza virus is unwise and
dangerous. More discussion and more research on the feasibility of multidrug therapy, the
development of new classes of antiviral drugs, point-of-care diagnostic testing, and better
treatment algorithms for determining who should receive treatment, as a well as a universal
recommendation for influenza vaccination, are urgently needed.
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