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Introduction
Early in the 2005-2006 influenza season a dramatic increase in the prevalence of  
adamantane (amantadine and rimantadine) resistance was detected in circulating 
influenza A viruses in the U.S (1).

The Centers for Disease Control and Prevention (CDC) issued recommendations 
against the use of adamantanes and recommended oseltamivir (Tamiflu) or 
zanamivir (Relenza) for treatment and prophylaxis of influenza infection (2). 

During the 2006-2007 influenza season New York State (NYS) and Wisconsin State 
(WS) began sharing influenza susceptibility data from their respective states.

In the 2007-2008 influenza season there was a dramatic increase of the oseltamivir 
resistance mutation H274Y among circulating influenza A/H1N1 viruses (3). 

Methods
NYS and WS screened influenza primary specimens and tissue culture isolates 
collected in respective states for mutations conferring resistance to adamantanes 
and oseltamivir.

Adamantane Susceptibility Surveillance
Using a unidirectional pyrosequencing method (4), NYS and WS screened influenza 
A viruses for mutations affecting amino acids 26,27,30,31, and 34 in the M2 gene 
which are known to confer adamantane resistance. Pyrograms obtained with this 
assay are shown in Figure 1.

In NYS this method was expanded to bidirectional pyrosequencing with a newly 
designed reverse pyrosequencing primer (Figure 2) designed from an aligned 
dataset of 168 influenza A matrix gene sequences spanning 72 years.

Neuraminidase Inhibitor Susceptibility Surveillance
WS performed a CDC-designed mutation-specific (H274Y) pyrosequencing 
assay to screen influenza A/H1N1 viruses for oseltamivir resistance. Pyrograms
obtained with this assay are shown in Figure 3.

NYS aligned the neuraminidase gene sequences of over 460 strains of influenza 
viruses A/H1N1, A/H2N2, A/H3N2, A/H5N1, and B spanning more than 85 years. 
This alignment was further analyzed in four distinct, virus type-specific groupings 
(1-A/H1N1, 2-A/H2N2 and A/H3N2, 3-H5N1, and 4-B). For each alignment group, 
one pair of external primers was designed for RT-PCR and bidirectional Sanger 
dideoxy sequencing of approximately 95% of the NA gene. Additionally, 3 internal 
primer pairs were designed to ensure sequencing accuracy (as well as to prepare 
for sequence variation among the strains) (Figure 4). PCR products of 1378bp, 
1333bp, and 1326bp of seasonal influenza viruses A/H1N1, A/H3N2, and B 
respectively, were dideoxy sequenced and analyzed for characterized influenza 
antiviral resistance mutations and amino acid altering mutations in conserved 
regions and functional domains (Figure 5) (5). 

Results
Adamantane Susceptibility Surveillance 

Collectively, for the 2006-2007 influenza season, network participants detected 
mutations conferring adamantane resistance at rates of 82.7% and 0% for 
influenza A(H3N2) and A(H1N1) respectively (Table 1)

Collectively, for the 2007-2008 influenza season, network participants detected 
mutations conferring adamantane resistance at rates of 100% and 1.2% for 
influenza A(H3N2) and A(H1N1). The CDC reported nationwide rates of 99.6% and 
11.1%.

All influenza A(H3N2) viruses contained the S31N resistance mutation in the matrix 
gene.

Neuraminidase Inhibitor Susceptibility Surveillance 
During the 2006-2007 influenza season NYS did not detect any 
neuraminidase-inhibitor resistance mutations among influenza viruses A(H1N1), 
A(H3N2), or B (Table 2). The CDC also did not detect neuraminidase-inhibitor 
resistance mutations among influenza A(H3N2) and B, but detected an oseltamivir 
resistance mutation rate of 0.7% in influenza A(H1N1). 

Collectively, for the 2007-2008 influenza season, network participants detected a 
neuraminidase inhibitor (oseltamivir) resistance mutation among influenza 
A(H1N1) viruses at a rate of 14.3%, compared to the CDC rate of 10.2%. All 
oseltamivir resistant influenza A(H1N1) viruses contained the H274Y mutation, 
which does not confer zanamivir resistance, and retained susceptibility to 
adamantanes.

For the 2007-2008 influenza season NYS has not detected any neuraminidase-
inhibitor resistance mutations among influenza A(H3N2) and B, consistent with CDC 
data.

Conclusions
These results indicate that adamantane and oseltamivir antiviral-resistance mutations, 
among circulating influenza viruses in participant states, are increasing at a rate 
comparable to CDC’s national averages. 

Implications of these results include the possibility of the development of sub-type 
specific rapid influenza tests to guide therapeutic decisions. 

The state public health laboratory surveillance network for antiviral susceptibility 
resistance should be expanded to include other states in order to monitor influenza 
resistance activity.

Such a network could provide antiviral test results in support of CDC testing efforts.
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