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An influenza B virus from an infant with no history of treatment or contact with neuraminidase
inhibitors demonstrated a significant reduction in sensitivity to these drugs. Here, we describe the analysis
of a mixed viral population that contained a novel D197E amino acid substitution that was responsible for
this reduction.

The neuraminidase (NA) inhibitor drugs zanamivir (Re-
lenza) and oseltamivir (Tamiflu) are effective inhibitors of rep-
lication of both influenza A and B viruses (13). While reports
of in vivo resistance following treatment with the NA inhibitors
are significantly lower than with the adamantane antiviral
drugs (8, 14), resistance has been observed in around 4% of
children treated with oseltamivir (11, 16). Kiso et al. (12),
however, using a molecular cloning approach to detect resis-
tance, found that resistant viruses were present in 18% of
children undergoing short-term treatment with oseltamivir.

Previously, we reported detecting resistance to NA inhibi-
tors in an influenza B isolate (B/Perth/211/2001) from an
8-month-old infant girl with an acute respiratory illness with
no history of treatment or contact with either zanamivir or
oseltamivir (9). Although in an NA enzyme inhibition assay the
B/Perth/211/2001 isolate demonstrated significantly higher 50%
inhibitory concentrations (IC50s) (mean IC50 � 1 standard
deviation [SD] for zanamivir, 13.8 � 1.7 nM; oseltamivir car-
boxylate, 233.9 � 31.8 nM) than 128 other circulating influenza
B viruses isolated between 1998 and 2002 (mean IC50 � 1 SD
for zanamivir, 1.4 � 0.6 nM; oseltamivir carboxylate, 14.8 � 9.6
nM) (8), sequence analysis of the NA gene did not reveal any
amino acid changes in sites that had been reported to confer
resistance. Here, we describe further analysis of the virus by
baculovirus cloning and plaque purification that identified a
mixed viral population in the specimen, with two species hav-
ing an amino acid difference at position 197 (influenza B num-
bering).

To determine the drug sensitivity of the B/Perth/211/2001
NA in isolation from the hemagglutinin and other influenza
virus components, the Bac-to-Bac Baculovirus Expression Sys-
tem (Invitrogen, Australia) was used to generate the full-length
membrane-anchored recombinant B/Perth/211/2001 NA protein
according to the manufacturer’s instructions. During the clon-

ing process, sequence analysis revealed glutamic acid (E) at
position 197 rather than the aspartic acid (D) that was ob-
tained in the sequence of the original isolate, strongly suggest-
ing that the B/Perth/211/2001 isolate was composed of a mixed
population of different viral species.

Because initial plaque purification had failed to identify a
mixed population in the B/Perth/211/2001 isolate in our earlier
study (9), a more rigorous protocol was implemented, in-
volving the random selection of larger numbers of plaques
with each plaque “plaque-to-plaque” passaged prior to fur-
ther analysis. In a fluorescence-based NA enzyme inhibition
assay (8), 14 out of 16 plaques selected from the MDCK1
passage, and 7 out 7 plaques from the MDCK3 passage, dis-
played IC50s (mean IC50 � 1 SD [n � 21]: zanamivir, 19.2 �
5.8 nM; oseltamivir carboxylate, 217.5 � 35.3 nM) similar to
those of the unpurified B/Perth/211/2001 isolate. However,
two plaques from the MDCK1 passage had IC50s that were
significantly lower than those of the other plaques (mean
IC50 � 1 SD [n � 2]: zanamivir, 2.3 � 0.2 nM; oseltamivir
carboxylate, 14.9 � 0.6 nM) and more similar to the IC50s of
normal circulating influenza B strains (values described ear-
lier) (8). Sequence analysis, following methods described
previously (9), demonstrated a D residue at position 197 for
the two plaques with low IC50s, while the 21 other plaques
had E at position 197.

To confirm the role of amino acid 197 in NA inhibitor drug
sensitivity, site-directed mutagenesis of this amino acid was
performed in the baculovirus system using the QuikChange
Site-Directed Mutagenesis method (Stratagene). The rBaculo
E197 and rBaculo D197 recombinant NAs were then com-
pared in the NA inhibition assay with the plaque-purified E197
and D197 influenza viruses (Fig. 1). NA inhibition graphs and
IC50s (Table 1) demonstrated that the recombinant NA (baculo-
virus-infected cell lysates treated with TX100) and the plaque-
purified influenza virus with the same mutation (either D197 or
E197) had very similar IC50s for zanamivir, oseltamivir carboxy-
late, and peramivir (a currently unlicensed NA inhibitor) (1).
The baculovirus system demonstrated unequivocally that the
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197 residue in B/Perth/211/2001 affected the sensitivity of the
influenza virus to the NA inhibitors (Table 1).

The aspartic acid residue (D) at position 197 of influenza B
viruses is equivalent to the D198 for A(N2) strains, is located
in the “second shell” of the enzyme active site (2, 15), and is
believed to provide a structural framework for functional res-
idues in the enzyme active site, rather than directly interacting
with the substrate (4). While this residue is conserved among
type B viruses, the equivalent D198 is not strictly conserved
among influenza A subtypes, with N6, N7, and N9 having an N
at this position. An NA-resistant virus with a D-to-N mutation

has been reported (5) from a virus isolated from an immuno-
compromised patient undergoing treatment with oseltamivir
(5). However, unlike the virus from that study, and other pre-
viously reported resistant viruses isolated from humans (3, 5–7,
10), it appears that B/Perth/211/2001 represents the first influ-
enza virus reported to have acquired a mutation resulting in
reduced NA inhibitor sensitivity in the absence of drug treat-
ment. Given the very low usage of NA inhibitors in Australia,
the likelihood that a virus from a drug-treated individual in-
fected the patient is extremely low.

A significant finding of this study and previous studies (7, 12)
is the presence of a mixture of NA inhibitor-sensitive and
-resistant viral species within an infected individual that might
not be detected using standard virus isolation and sequencing
procedures.

Molecular cloning of the NA and hemagglutinin genes of
viruses from Japanese children undergoing treatment with
oseltamivir (12) revealed a significantly higher proportion of
individuals with resistant viruses than had been identified in
previous studies. Findings from this study and others suggest
that new approaches to the study of in vivo resistance to the
neuraminidase inhibitor drugs may need to be employed to
provide a clearer picture of the occurrence and transmission of
resistant strains.

While the clinical significance of the B/Perth/211/2001
strain, and those detected by Kiso et al. (12), is unknown, it is
particularly noteworthy that these resistant variants upon in
vitro passage either outgrew the wild type or maintained the
major proportion of viruses within the mixture. This was ob-
served for B/Perth/211/2001, for which no sensitive plaques
were detected in the MDCK3 passage. Further studies to test
the transmissibility of these variants remain important to gain
a better understanding of the clinical significance of the vi-
ruses. Given that the B/Perth/211/2001 strain was isolated from
an untreated patient, it remains imperative to investigate both
untreated and treated populations, using these more sensitive
techniques to improve our knowledge about potential resistance
generation, particularly given that the NA inhibitor drugs are
likely to be important as a first-line response in a pandemic
situation.

Nucleotide sequence accession numbers. Full-length NA se-
quences of the plaque-purified D197 and E197 viruses ob-
tained from B/Perth/211/2001 are available from GenBank (ac-
cession numbers DQ174088 for clone D197 and DQ174087 for
clone E197).

TABLE 1. IC50s and increases between D197 and E197 viruses
for plaque-purified B/Perth/211/2001 clones and recombinant
baculoviruses expressing B/Perth/211/2001 neuraminidase

for zanamivir, oseltamivir carboxylate, and peramivir

NA inhibitor

Plaque-purified influenza
viruses Recombinant baculoviruses

IC50 (nM) D:E
increase
(n-fold)

IC50 (nM) D:E
increase
(n-fold)D197 E197 D197 E197

Zanamivir 2.8 18.0 6.4 3.2 15.7 4.9
Oseltamivir

carboxylate
17.8 209.3 11.8 23.7 221.1 9.3

Peramivir 0.9 16.3 18.1 1.0 10.8 10.8

FIG. 1. Fluorescence-based NA inhibition curves of plaque-puri-
fied B/Perth/211/2001 clones and recombinant baculoviruses express-
ing B/Perth/211/2001 neuraminidase for zanamivir, oseltamivir carbox-
ylate, and peramivir. The line markers are as follows: plaque-purified
B/Perth/211/2001 clones D197 (‚) and E197 (E), and recombinant
baculoviruses expressing B/Perth/211/2001 neuraminidase with either
D197 (Œ) or E197 (F).
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