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ABSTRACT

Objectives. We evaluated the implementation of three commericially available
neuraminidase inhibition assays in a public health laboratory (PHL) setting. We
also described the drug susceptibility patterns of human influenza A and B
circulating in Maryland during the 2011-2012 influenza season.

Methods. From January to May 2012, 169 influenza virus isolates were tested
for phenotypic susceptibility to oseltamivir, zanamivir, and peramivir using NA-
Fluor™, NA-Star®, and NA-XTD™ concurrently. A 50% neuraminidase inhibitory
concentration (ICs) value was calculated to determine drug susceptibility. We
used the standard deviation based on the median absolute deviation of the
median analysis to determine the potential for reduced drug susceptibility. We
evaluated each assay for the use of resources in high- and low-volume testing
scenarios.

Results. One of the 25 2009 influenza A (H1N1) pandemic isolates tested was
resistant to oseltamivir and peramivir, and sensitive to zanamivir, on all three
platforms. Eighty-two influenza A (H3N2) and 62 B isolates were sensitive to all
three drugs in all three assays. For a low-volume scenario, NA-Star and NA-
XTD took 120 minutes to complete, while NA-Fluor required 300 minutes to
complete. The lowest relative cost favored NA-Star. In a high-volume scenario,
NA-Fluor had the highest throughput. Reagent use was most efficient when
maximizing throughput. Cost efficiency from low- to high-volume testing
improved the most for NA-Star.

Conclusions. Our evaluation showed that both chemiluminescent and fluores-
cent neuraminidase inhibition assays can be successfully implemented in a PHL
setting to screen circulating influenza strains for neuraminidase inhibitor resis-
tance. For improved PHL influenza surveillance, it may be essential to develop
guidelines for phenotypic drug-resistance testing that take into consideration a
PHLs workload and available resources.
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This article contributes to the understanding of influ-
enza drug resistance by describing the phenotypic
susceptibility of human influenza A and B viruses to
two commonly used neuraminidase inhibitors (NAIs),
oseltamivir (Tamiflu®, Genentech, San Francisco, Cali-
fornia) and zanamivir (Relenza™, GlaxoSmithKline,
Research Triangle Park, North Carolina), and one
investigational NAI, peramivir (BioCryst Pharmaceu-
ticals, Durham, North Carolina), as observed during
the 2011-2012 influenza season. We evaluated the
implementation of three neuraminidase inhibition
(NI) assays (NA-Fluor™ Influenza Neuraminidase
Assay Kit, NA-Star® Influenza Neuraminidase Inhibitor
Resistance Detection Kit, and NA-XTD™ Influenza
Neuraminidase Assay Kit [Life Technologies Corp.,
Carlsbad, California]) for the detection of phenotypic
influenza antiviral drug resistance in a public health
laboratory (PHL) setting.

Currently, two classes of antiviral drugs for che-
moprophylaxis and treatment of human influenza
viruses are approved by the U.S. Food and Drug
Administration (FDA).! Adamantanes were the first
to be developed and include amantidine and a methyl
derivative, rimantidine. Widespread resistance of
circulating influenza viral strains to the adamantane
drug compounds has paved the way for reliance on a
class of drugs called NAls, which target the envelope
glycoprotein neuraminidase (NA) required for viral
replication and successful establishment of infection.
The FDA-approved NAIs include oseltamivir, which is
administered orally, and zanamivir, which is admin-
istered through inhalation directly to the site of the
viral replication.?* Additionally, the FDA-investigational
NAI, peramivir, which is administered intravenously, is
available under the Emergency Use Act for treatment
of severe cases of influenza during the 2009 HINI
influenza pandemic (hereafter, influenza A [HINI]
pdm09).*

Due to differing chemical structures, oseltamivir
requires NA to undergo a conformational change that
effectively inhibits NA, whereas zanamivir does not. NA
mutations that alter the oseltamivir binding domain
may affect the virus’s ability to adjust the required
conformational changes, which translate as oseltamivir
resistance. The differences in the mode of action have
been attributed to the higher probability of oseltamivir
encountering resistance.” This vulnerability became
apparent during the 2007-2008 influenza season in the
United States, when an H275Y mutation characterized
in the NA gene of the seasonal influenza A (HINI)
virus displayed patterns of near-universal oseltamivir

resistance.® However, during the influenza A (HIN1)
pdmO09 in the U.S., drug resistance to oseltamivir was
detected in <1% of tested influenza A (HIN1) strains.®
Resistance was correlated with hospitalized and immu-
nocompromised individuals with prior exposure to
oseltamivir.™

There have only been isolated and sporadic inci-
dences of influenza A (HIN1), influenza A (H3N2),
and influenza B viruses’ resistance to zanamivir. Addi-
tionally, peramivir is still in clinical trials in the U.S,,
and resistance patterns have not been fully established.
However, in vitro cross-resistance to oseltamivir and
peramivir has been reported in influenza A (HINI)
strains with the H275Y mutation.!” To date, seasonal
influenza strains remain largely susceptible to both
oseltamivir and zanamivir."

METHODS

Viruses, cells, and reagents

During the 2011-2012 influenza season,'? at the State of
Maryland Department of Health and Mental Hygiene
(MD DHMH) Laboratories Administration Division of
Virology and Immunology, available seasonal influenza
virus isolates (n=169) were propagated in primary
rhesus monkey kidney cell lines (Diagnostic Hybrids,
Athens, Ohio) and were stored at =—70°C for use
in NAI susceptibility testing. The 169 isolates were
previously identified as influenza A (H3N2) (n=82),
influenza A (HIN1) pdm09 (n»=25), and influenza B
(n=62) by real-time reverse transcription polymerase
chain reaction (RT-PCR) at the MD DHMH Laborato-
ries Administration Division of Molecular Biology. Each
influenza virus isolate was tested for NAI susceptibility
using one fluorescent-based NI assay (NA-Fluor) and
two chemiluminescent-based NI assays (NA-Star and
NA-XTD) against three NAIs. The NAIs were oseltamivir
as the active metabolite oseltamivir carboxylate (Tami-
flu), zanamivir (Relenza), and peramivir. The 96-well
assay plates were read using the Victor™ X4 Multilabel
Plate Reader (PerkinElmer, Shelton, Connecticut). The
measurements were reported as the concentration of
NAISs required to inhibit 50% of the NA activity, called
an inhibitory concentration (ICj,) value. An influenza
virus isolate reference panel including the IC;, values
was kindly provided by the Centers for Disease Control
and Prevention (CDC) (Table 1). The MD DHMH
Laboratories Administration Division of Virology and
Immunology reconfirmed the established range of I1Cs,
values for each NAI in the reference panel listed in
Table 1 with the three NI assays (Table 2).
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EVALUATION OF INFLUENZA NEURAMINIDASE INHIBITION Assays < 79

NI assays

The fluorescent NI assay, NA-Fluor, and the chemilu-
minescent NI assays, NA-Star and NA-XTD, are used
to monitor phenotypic influenza NA susceptibility.
The manufacturers’ protocols were followed for NA-
Fluor, NA-Star, and NA-XTD."*" These assays provide a
quantitative measurement of how well an NAI inhibits
the activity of the viral NA as a means of assessing an
isolates’ relative susceptibility. Variables that affect
the IG;, value ranges for each NAI include influenza
subtype, associated NA mutations, and NI assay.'*"®

Both NA-Star and NA-XTD use a 1,2 dioxetane
derivative of sialic acid as a substrate. The NA-XTD
substrate provides about 12 times more signal stabil-
ity than NA-Star. Moreover, the sensitivity of these two
chemiluminescent substrates is five- to 50-fold higher
by the signal-to-noise ratio than the fluorescent-based
assay.'>'* NA-Fluor uses the fluorogenic reagent
2’-(4methylumbelliferyl)-o-D-N-acetylneuraminic acid
substrate with a 240-minute signal stability at room
temperature.'” NA-Fluor required the generation of a
4-Methylumbelliferone sodium salt (4-MU [SS]) stan-
dard curve to determine the linear range of substrate
turnover detection of the Victor X4 Multilabel Plate
Reader. The raw data were plotted on a scatter-plot
graph as relative fluorescent units (RFUs) vs. 4-MU
(SS) concentration using Microsoft® Excel. The NA
activity/RFU range corresponding to 10 micromolar
4-MU (~200,000 RFU) was determined as the set point
for the optimal viral dilution factor obtained from the
following pretitration step.

As a result of the substrate differences, the 1C;, val-
ues of fluorescent vs. chemiluminescent NI assays were
comparable only in their interpretations of drug suscep-
tibility; thus, no absolute and comprehensive measure
of resistance has been established.!” However, elevated
1C;, values were indicative of reduced susceptibility.

Data analysis
The IC;, values were calculated using JASPR version
1.2 according to the equation V=Vmax* (1-([I]/(Ki
+ I))), and a best-fit dose-response curve was gener-
ated.'"?” An observed IC;, value greater than the cutoff
of threefold above the expected wild-type IC;, value
(Table 1) was established as one criteria for interpret-
ing isolates as having reduced susceptibility to a given
drug compound (i.e., resistant).” If a sample’s IC;,
concentrations were greater than threefold higher
than the subtype-specific reference range, the sample
was retested to confirm the result. If data points did
not fall along the bestfit curve in the IC;, graph, the
sample was retested.

An additional criterion for determining the rel-

evance of IC;, values that differ quantitatively from the
wild-type reference strains is to identify cutoff values for
mild outliers and outliers based on seasonal observa-
tions, as an indication of the potential for resistance
to a given NAI The cutoff values for each influenza
strain type were calculated using a standard deviation
(SD) based on the median absolute deviation of the
median (SMAD) analysis of the common logarithm
(logyy) transformed NAl-specific ICy, values for each
assay. SMAD analysis was performed using all data from
the influenza isolates considered susceptible according
to the first criterion of an IC;, value within threefold
of the expected wild-type strains. Log transformation
was necessary because 1C;, values were not considered
normally distributed. The SMAD-determined cutoff for
mild outliers was set at median +1.65SD and outliers
as median +3SD. Results were back-transformed and
the SD was presented. Influenza isolates with I1C;, val-
ues greater than tenfold were excluded from SMAD
analysis as well as calculations of the mean and median.
The second criterion for resistance was defined as an
1C;, value that was both 3SD and =tenfold above the
seasonal strain-specific median.?'

Assay evaluation

Each NI assay was evaluated for its impact on resources
(i.e., time, reagents, cost, supplies, and personnel)
based on two testing scenarios and workflow. Both
scenarios assumed testing against three NAls, one plate
per NAI, and eight samples per plate (including one
NAl-sensitive and one NAl-resistant control per day),
performed by one technologist. Scenario 1 evaluated
the three assays for a period of low volume of influenza
virus isolates for testing, where testing was limited to a
maximum daily throughput of six specimens including
two controls. Scenario 2 was evaluated for a period of
high volume of influenza virus isolates, in which the
total assay time and the hands-on technologist time
were considered to be equal. Lastly, we evaluated
the relative cost per isolate. Possible implementation
guidelines for a PHL setting were applied to influenza
A (HINI1) pdm09, the 2010-2011 influenza season, and
the 2011-2012 influenza season as examples.

RESULTS

A total of 169 influenza virus isolates identified during
the 2011-2012 influenza season were tested against
the NAIs oseltamivir, zanamivir, and peramivir for NAI
susceptibility using the NA-Fluor, NA-Star, and NA-
XTD NI assays. Of the 25 influenza A (HINI) pdm09
isolates tested, one isolate was resistant to oseltamivir
and peramivir and sensitive to zanamivir in all three NI
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assays. All of the 82 influenza A (H3N2), 62 influenza
B, and the remaining 24 influenza A (HIN1) pdm09
isolates were sensitive to oseltamivir, zanamivir, and
peramivir in all three NI assays (Figure 1).

The observed IC;, values of sensitive influenza
viruses relative to the three NAIs for each of the NI
assays were summarized according to the influenza virus
type isolated during the 2011-2012 influenza season
in Table 3A. The highest mean and median IC;, values
for all strain types across each NI assay were observed
with zanamivir followed by oseltamivir, while the low-
est mean and median IC,, values were observed with
peramivir (Table 3A). Through SMAD analysis, isolates
identified as mild outliers (from IC;, median +1.65SD
and IC;, median + 3SD) and outliers (=IC;, median
+ 3SD) were observed in the dataset and summarized
in Table 3B. However, none of the isolates consistently
met the key criteria of a mild outlier or an outlier in
all three assays for a given NAI. Furthermore, each of
these isolates identified as outliers were within three-
fold of the corresponding wild-type reference viruses.

Figure 1. Summary of influenza virus isolates (n=169)
tested for NAI susceptibility to oseltamivir, zanamivir,
and peramivir on three neuraminidase inhibition
assays (NA-XTD™, NA-Star®, and NA-Fluor™): 2011-
2012 influenza season, MD DHMH Laboratories

® Influenza A(H1IN1)pdm09 NAI Resistant’
Influenza A(HIN1)pdmO09 NAI Sensitive
® Influenza A(H3N2) NAI Sensitive

¥ |nfluenza B NAI Sensitive

*Influenza A (H1N1) pdm09 was resistant to oseltamivir and peramivir
and sensitive to zanamivir in all three neuraminidase inhibition assays.

NAI = neuraminidase inhibitor

MD DHMH = State of Maryland Department of Health and Mental
Hygiene

pdm09 = 2009 pandemic

One influenza A (HIN1) pdmO09 virus isolated dur-
ing the 2011-2012 influenza season was determined to
be resistant to oseltamivir and peramivir but sensitive to
zanamivir based on an IC;, value greater than tenfold
higher than the wild-type reference strain. As a result, it
was excluded from SMAD analysis. However, resistance
to oseltamivir and peramivir was further established in
comparison with the mean IC;, values of the other 24
influenza A (HIN1) pdmO09 isolates tested. This isolate
had an oseltamivir IC;, concentration that was 357-fold
greater than the mean in NA-XTD, 561-fold greater
than the mean in NA-Star, and 807-fold greater than
the mean in NA-Fluor. The IC;, values for peramivir
were 124-, 70-, and 438-fold higher than the influenza
A (HINI1) pdm09 means for NA-XTD, NA-Star, and
NA-Fluor, respectively (Table 3C).

The evaluation of the three commercially avail-
able NI assays on parameters of workflow and use of
resources were summarized in two testing scenarios
with NA-Fluor as the reference assay. In Scenario 1
(Table 4A), the time to prepare reagents, perform the
assay, analyze, and interpret the results of six specimens
and one sensitive and one resistant reference virus
against all three drugs using NA-Star® and NA-XTD™
assays was approximately 180 minutes for each assay,
with 100 minutes of hands-on technologist time for
NA-Star and 120 minutes of hands-on technologist
time for NA-XTD. The NA-Fluor assay was completed
in approximately 300 minutes, with 210 minutes of
hands-on technologist time. Also, the NA-Fluor assay kit
contained reagents to test a maximum of 12 specimens
against three NAls, compared with 30 specimens for
the NA-Star assay kit and 24 specimens for the NA-XTD
assay kit. The relative cost per specimen for NA-Star was
lower than for NA-Fluor, while NA-XTD had a higher
relative cost per specimen than NA-Fluor.

In Scenario 2 (Table 4B), the highest maximum
daily throughput using the NA-Fluor assay was 30
specimens. The NA-XTD and NA-Star assays both had
a maximum daily throughput of 22 specimens. The
maximum number of specimens tested per assay kit
for all three assays was higher in Scenario 2, with 14
specimens for NA-Fluor, 28 specimens for NA-XTD,
and 40 specimens for NA-Star. While the overall cost
per specimen was lower for each assay compared with
Scenario 1, the relative cost remained the same for
NA-XTD but decreased for NA-Star compared with
the NA-Fluor assay.

DISCUSSION

Our purpose was to evaluate and provide guidance
on the use of NI assays in a PHL setting during the
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Table 4. Evaluation of three commercially available NI assays using three NAls for low-volume (Scenario 1) and
high-volume (Scenario 2) testing situations: 2011-2012 influenza season, MD DHMH Laboratories Administration

A. Scenario 1: low volume of influenza isolates—limited by quantity, maximum six specimens (with two controls) tested per day

Maximum Maximum number Approximate relative cost Hands-on
specimens daily of specimens to test each isolate for three  Total assay time technologist time
NI assay throughput per assay kit NAI compounds (minutes) (minutes)
NA-Fluor™ 6 12 Reference assay 300 210
NA-Star® 6 30 0.9 times the cost of the 180 100
reference assay
NA-XTD™ 6 24 1.2 times the cost of the 180 120

reference assay

B. Scenario 2: high volume of influenza isolates—limited by time, maximum eight-hour work day

Maximum specimens

Maximum number of

Approximate relative cost to test each isolate

NI assay daily throughput specimens per assay kit for three NAI compounds
NA-Fluor 30 14 Reference assay

NA-Star 22 40 0.8 times the cost of the reference assay
NA-XTD 22 28 1.2 times the cost of the reference assay

NI = neuraminidase inhibition

NAI = neuraminidase inhibitor

MD DHMH = State of Maryland Department of Health and Mental Hygiene

influenza season. The aforementioned results represent
screening for NAI susceptibility of influenza A and B
viruses circulating in Maryland during the 2011-2012
influenza season as identified by the MD DHMH
Laboratories Administration. Through the implemen-
tation of the three NI assays—NA-Fluor, NA-Star, and
NA-XTD enzyme inhibition assays—we have presented
multiple references for baseline IC;, values (and, thus,
phenotypic characterization) of seasonally circulating
influenza viruses in Maryland. Generating these data
will further enable the characterization of 1C;, values
for future influenza seasons to monitor changes in NAI
susceptibility over time.

Due to the variability and inherent differences in
the chemistry of fluorescent and chemiluminescent
assays, the ICy, values for a given isolate have been
different for each assay. The MD DHMH Laboratories
Administration tested a panel of reference viruses with
recognized NA mutations and documented IC;, values
provided by CDC to verify each assay. If the decision
is made to use a combination of different assays, it is
necessary to verify the ability to detect accurately and
consistently the susceptibility of a variety of virus strain
types to all NAIs for each assay. Verification ensures
that the interpretation of the results remains reliable.

We suggest that it may be worth the return on
investment to consider implementing fluorescent
and chemiluminescent NI assays to accommodate

influenza seasonal needs. Improved preparedness may
be manifested by an efficient response, with a high
throughput assay for high-volume scenarios or a faster
turnaround time for low-volume scenarios that may
contribute to reducing both economic and personnel
resources. Additionally, this strategy provides the abil-
ity to compare and better characterize inconclusive
results through additional testing. We have indicated
the advantages of implementing multiple assays and
considered the challenges presented in performing
statistical analysis. While the results of the two chemilu-
minescent assays may be more closely comparable, thus
presenting less of a challenge for combined analysis,
the established differences in IC;, values between the
chemiluminescent and fluorescent assays suggest that
they cannot be directly compared. While quantitative
differences in the results may not be an issue for gross
screening, it may present challenges for deeper analysis.
We recognize that the availability of PHL resources
may require using a single NI assay. The use of a single
assay involves less time for training and maintaining
competencies of the technologists, which may provide
logistical and resource benefits. For long-term statisti-
cal analysis, the results from a single assay will make it
easier to detect a significant elevation in ICy, values.
Due to the innate variability between the NI assays
and between day-to-day testing, it is necessary to create
several criteria to define reduced susceptibility and to

PuBrLic HEALTH REPORTS / 2013 SUPPLEMENT 2 / VOLUME 128



EVALUATION OF INFLUENZA NEURAMINIDASE INHIBITION AssAays < 8b

identify isolates that may warrant further investigation.
Our results show that, overall, the three assays are com-
parable in terms of their ability to identify an isolate as
“resistant” or “sensitive.” The differences in interpret-
ing NAI susceptibility are most apparent when defining
outliers. There was a discrepancy in the interpretation
of outliers and minor outliers among assays; however,
none of them also met the first criteria for resistance
when comparing IC;, values with the reference panel.
Although there is little evidence for any immediate
implications of outliers and minor outliers, these data
may be valuable for future trend analysis of identifying
the emergence of novel resistance markers.
Additionally, we have observed that in vitro cross-
resistance exists for oseltamivir and peramivir in an
influenza A (HINI1) pdm09 strain. Such information
continues to be vital to public health treatment deci-
sions, including implications for treatment with the
investigational NAls, such as peramivir, in high-risk
patients having influenza A (HIN1) pdm09 infections.
Hence, an important aspect of NAI susceptibility test-
ing is to include a broad panel of NAIs. The value of
performing NAI susceptibility testing on investigational
NAIs may be underscored by the effort and expense

involved in developing, testing, and approving new
drugs. In the future, it may be beneficial to establish
panels to include other investigational NAIs.

Whether or not to screen all the samples is a multi-
faceted decision that may be based on the PHL’s avail-
able resources and surveillance needs. In this study, we
did not limit the quantity of virus isolates tested. Virus
culture was attempted on all available samples. The
quantity of viral isolates available for NAI susceptibility
testing was generally limited by which samples propa-
gated in cell culture produced sufficient viral titers.

Primarily, our data suggest a general comparability
of the NI assays, allowing the PHL to use the most
appropriate NI assay regardless of the seasonal burden.
These experiences may provide valuable information
toward the development of general guidelines for phe-
notypic drug-resistance testing that consider a PHL’s
workload and available resources.

Considering Scenario 1, when the number of
influenza-positive samples is low and early detection is
crucial (Figure 2), total time, sensitivity, and costs are
the highest priority. For this reason, NA-Star is highly
recommended because it takes less technologist time,
costs less per sample than NA-XTD and NA-Fluor, and is

Figure 2. Considerations for the use of three NI assays using the 2009 influenza pandemic and the 2010-2011

and 2011-2012 influenza seasons® as examples
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influenza pandemic

1500 A

2010-2011
influenza season

2011-2012
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°As identified by real-time reverse transcription-polymerase chain reaction at the Maryland Department of Health and Mental Hygiene

Laboratories Administration Division of Molecular Biology

NI = neuraminidase inhibition
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more sensitive than NA-Fluor. The higher sensitivity of
NA-XTD compared with NA-Star and NA-Fluor may be
advantageous for detecting NA activity in virus isolates
that have low titers or possible decreased viral fitness
resulting from resistance-inducing mutations.'”!® In a
situation such as the 2011-2012 influenza season, in
which the average number of viruses isolated was fewer
than eight per day, NA-Star could be used as the sole
NI assay throughout the season (Figure 2). NA-Star is
also recommended during the beginning stages of a
pandemic, similar to that of the 2009 influenza pan-
demic, in which it is essential to characterize the phe-
notypic NAI susceptibility early using a cost-effective,
high-sensitivity assay (Figure 2). It is important to note
that CDC’s guidance must be followed before a PHL
can propagate a novel influenza virus in cell culture,
which may delay the ability to conduct early, targeted
testing in an efficient manner.

The optimal virus dilution required for the NA-Star
assay was comparable with the NA-XTD platform. How-
ever, the low stability of the NA-Star substrate signals in
each well necessitates reading the plates immediately
by a luminometer equipped with an injector. With a
substrate incubation period of 30 minutes, there can
be a queue of no more than three plates (10 minutes
to read each plate). The longer stability of NA-XTD
allows more plates to be read, and wait time in the
queue can be increased from 30 minutes to two hours
without affecting signal strength.

Considering Scenario 2, when the number of influ-
enza-positive virus isolates available for NI assays is in
high volume (e.g., at the peak of an influenza season
or in the middle of a pandemic) (Figure 2), the limit-
ing factor is considered to be the normal eight-hour
workday. NA-Fluor is highly recommended because
it has the advantage of maximizing throughput. This
higher throughput of NA-Fluor is mainly the result of
productivity that occurs during the one-hour incuba-
tion period after the addition of the substrate, which
provides enough time to set up additional specimens
for testing without the overlap of time-sensitive, manu-
ally intensive steps. Furthermore, the signal stability
improves the workflow to accommodate larger batches
of specimens in each set of tests. For each additional
set of eight samples tested in a given day, there is a
gain of two samples (as only one set of controls is
needed per day), which results in a faster turnaround
time and larger datasets for timely and robust PHL
surveillance. If early resistance to one or more of the
NAIs is detected as seen in Scenario 1 by using one
of the NI assays, targeted screening of subpopulations
with similar subtypes, regional distributions, or from
an outbreak cluster may be necessary. Switching to a

fluorescent-based assay, such as NA-Fluor, may allow for
arelatively cost-effective, high-throughput screening of
additional influenza isolates.

Overall, the higher throughput of Scenario 2 offers
more cost savings than Scenario 1. The most dramatic
increase was seen in the case of NA-Star, where 2 mil-
liliters of NA-Star Accelerator (limiting reagent) were
saved per eight samples because there was no need for
injector priming, resulting in a total gain of 10 tested
samples per assay kit. During periods of high-volume
testing and limited available resources, maximizing
throughput with NA-Star may offer the most cost-
effective method of drug-resistance screening.

CONCLUSION

Our experience suggests a general comparability of
the three NI assays, providing the MD DHMH Labo-
ratories Administration guidelines for using the most
appropriate NI assay regardless of the seasonal influ-
enza burden. Generating phenotypic NAI susceptibil-
ity data for a broad range of type-specific seasonally
circulating influenza strains contributes to robust PHL
surveillance through monitoring and characterizing
baseline IC;, values and identifying future patterns
that may indicate clinically relevant changes in NAI
susceptibility. While the results show that a majority of
all influenza A (H3N2), influenza A (HIN1) pdm09,
and influenza B isolates tested were sensitive, they
also suggest that resistant influenza A (HIN1) pdm09
viruses do emerge. For each of the three NI assays, we
have shown that the same criteria can be used to iden-
tify influenza viruses with reduced NAI susceptibility.
Lastly, our results contribute valuable information for
PHLs toward the development of general guidelines
for phenotypic drug-resistance testing that consider a
PHL’s workload and available resources.
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