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Background: Antiviral resistance in Norwegian influenza viruses is rare. Only one
A(HIN1)pdmO9 virus from May 2015 had been found resistant to oseltamivir since
the introduction of these viruses in 2009.

Objectives: Surveillance of antiviral resistance is part of the Norwegian surveillance
system, to rapidly detect the development of antiviral-resistant viruses and spread in
the community. We describe the spread of oseltamivir-resistant A(H1IN1)pdmO9 vi-
ruses in Norway in the 2016-17 season, found as part of the routine surveillance.
Methods: Influenza HI1N1 viruses were analysed for antiviral resistance by pyrose-
guencing, neuraminidase susceptibility assay and by Sanger sequencing of the HA
and NA genes.

Results: During the 2015-16 influenza season, 3% of all A(HIN1)pdmOQ9 viruses
screened for resistance in Norway were resistant to oseltamivir, possessing the
H275Y substitution in the neuraminidase protein. In comparison, the overall fre-
quency in Europe was 0.87%. Out of these, 37% (n = 10) were reported from Norway.
Most cases in Norway were not related to antiviral treatment, and the cases were
from several different locations of southern Norway. Genetic analysis revealed that
resistant virus emerged independently on several occasions and that there was some
spread of oseltamivir-resistant influenza A(H1IN1)6B.1 viruses in the community,
characterised by a N370S substitution in the haemagglutinin and T48l in the
neuraminidase.

Conclusions: Our findings emphasise the importance of antiviral resistance surveil-
lance in the community, not only in immunocompromised patients or other patients

undergoing antiviral treatment.
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1 | INTRODUCTION

o R R R KRR RRLRR The National Influenza Centre for WHO in Norway (NIC Norway) is
B EHE B B H E the only institution in Norway performing antiviral resistance test-
= IO . S o o 4 o ing and surveillance. The national surveillance system for influenza
i’ § § § § § § % § § § § comprises a network of volunteer sentinel physicians and medical
g % E E é E g ; E % E é microbiology laboratories which report weekly the number of posi-
tives and the number of specimens tested. Furthermore, they send
; %g positive specimens to the NIC for further characterisation. A selec-
E, > > > > > > % > === tion of surveillance samples are screened for antiviral resistance by
é E ﬁ § g g § ﬁ g & & | real-time PCR and sequencing and/or susceptibility to antivirals in
: neuraminidase inhibition assay. Norway runs a well-functioning in-
g} <<E(( :E(( = % <<E(( z <<Zi( = :Z(( s fluenza surveillance programme that benefits from comprehensive
S diagnostic testing for influenza at the regional laboratories with over
‘T;; "g,; = % % z = % % = % = % E 110 000 samples tested during the 2015/16 season, nearly 15 000
" EH B EH BN s 5 samples of these were found influenza positive. Approximately
g £ g g 1§ g g g 'é 3000 of these samples are shipped to the NIC for further character-
2 - -g % Jg % % f:; % E § % isation and enrolment in the global surveillance. A(HIN1)pdmO9 vi-
c = .
& é H BH EH B EE 2 S ruses (further referred to as H1 or HIN1), subclade 6b.1, dominated
§ E *,-'?, the 2015/16 season.
2 E N - NN ~ o _Z ’;‘ % The most commonly used neuraminidase inhibitors (NI)—os-
" HEH E EH N - 'g 3 g o eltamivir (Tamiflu®) and zanamivir (Relenza®—are authorised for
3 § ©“ aa = % aa o ° A qé— E : % use in Norway, but only oseltamivir is available on the market from
86 ~ 2 z8 8 2z238 q =z 2 § E g:f 2016. The use of antivirals differs globally with the United States
g 3% E g i and Japan as the major consumers with eight million NI prescrip-
£ = © S S 3 g > é tions annually in Japan. Antivirals are not widely used in Norway
M- B 3 g § 3 and mainly recommended for at-risk and severely ill patients,
3 % g x E *E with approximately one course sold pr 1000 inhabitants in 2016
£ z 555z > > >z z z 'g é S% " (Table 1).
é g g Z —E g Resistance against the antiviral drugs occurs through mutations
000 O0IIIITIOIO0 I53Z¢ > in the viral genome. Resistance to NI is caused by single point mu-
3 N - - W é % % é % tations in the neuraminidase (NA) gene. Substitutions in several
c B H B - § g ; E § codons have been identified, in vitro, to cause different levels of
% E" < Kl 3 3 N TR § ,{:0 § % § resistance against the different drugs.2 The H275Y mutation (N1
§ o é :_:» :_i é g numbering) reduces susceptibility of HIN1 influenza virus to os-
i'] é 22223232 :232¢2338 &;i ‘o é N eltamivir by more than 400-fold and also reduces susceptibility
% ‘—é § g % % % % § % % g % Eo % g é % to p'e'ramivir,’ but do?s not cause resistance t? zanamivir in' v'itt'rcl)l.3
< & = T N © o © O = <= o « £ 2353 £ Antiviral-resistant viruses do emerge sporadically. It was initially
E - N o _5 é :? E b= believed that antiviral resistance mutations would be generally un-
2 g" % 2 g % 7 228 8% % % % T % Z T favourable for virus infectivity and transmission. However, in 2007,
E M B EEHEE g qu E § :‘E_J, Norway reported unprecedentedly high proportions of oseltamivir
= %0 %ﬂ § % E S % resistance in former seasonal HIN1 viruses, due to the H275Y sub-
g - go - E t 3 E E £ 3 3 z % ; g E g stitution in the NA gene. Obviously, these viruses had not suffered
*E § *g 33 § § % g z % % % % @ % g g £ a loss in fitness and appeared in many other countries at the same
L: BN EH B E g' % 2 e § time. Within 1 year, the resistant virus had become the predomi-
g v . o 9 3 § § 9 9 9 ® % E E_ % g nant HIN1 strain globally.*¢ The first case of resistant pandem7if7
:E 8 § § 8 § § § § § § § § -§ _§ g g H1N1 virus was reported early in the 2009 pandemic in Denmark.
E % § § § s 2238 o3¢g E 0% e g Local clusters/incidences of oseltamivir-resistant HIN1 viruses
2 \§ \§ \§ \§ \§ :g \§ § \§ § \§ 85 ;‘ § 2 have been reported from Hokkaido, Japan,'® Pennsylvania, United
2 i§ g 2 g 2 g g 2 2 g g g .é é .Z°~ _x_%o % States and Australia.*>*? It has been shown that H1N1 viruses pos-
o 2 2 2 2 2 I T << s ; ki E sessing the NA H275Y amino acid substitution are able to replicate
“-JI @ ° % § k) % =2 and transmit as efficiently as normal wild-type viruses, provided
E O « o0 ® < ! © v N ® o « :(( S g < _D;
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that mutations are present in other positions that make up for the
prior disadvantage of the H275Y substitution.!>*

Here, we report increased incidences of HIN1 viruses with
highly reduced inhibition (HRI) by oseltamivir, possessing the H275Y

NA substitution, during the 2015/16 influenza season in Norway.

2 | METHODS

Influenza viruses were obtained as part of the national surveillance
system for influenza in Norway. Medical microbiology laboratories
(non-sentinel), representing all 19 counties, submit a selection of
samples PCR positive for each influenza virus type to the NIC every
week. General practitioners enrolled in the national influenza sur-
veillance programme (sentinel n = ~70) collect samples from patients
with influenza-like iliness and send them for diagnostic testing at the
NIC. The NIC receives a nearly even distribution of samples from
outpatients (both non-sentinel and sentinel) and hospitalised pa-
tients (non-sentinel).

Samples were tested for antiviral resistance both genetically and
phenotypically. Nucleic acid (200 pL) was extracted from clinical sam-
ples using the MagNA Pure 96 DNA and Viral RNA Small Volume Kit
(Roche diagnostics, Basel, Switzerland), typed* and H1 subtyped®®
by real-time RT-PCR on RotorGene cycler system (Corbett/QIAGEN,
Hilden, Germany). HIN1 viruses were screened for the H275Y mu-
tation by pyrosequencing'® on the PyroMark Q96 ID (QIAGEN)
with primers: sw-N1-F780B GGGAAAGATAGTCAAATCAGTCGA,
sw-N1-R1273E (5-biotin) CAACCCAGAAGCAAGGTCTTAT, sw-N1-
F804Bseq AATGAATGCMCCTAATT. The NA gene was also fully or
partially sequenced by Sanger sequencing on Applied Biosystems
3500xL Genetic Analyzer (Thermo Fisher Scientific, Waltham, MA,
USA) (PCR and sequencing primers available upon request). Viruses
for phenotypic resistance analysis were isolated/propagated in MDCK
cells, one to two passages.” The susceptibility of virus isolates to os-
eltamivir and zanamivir was measured by a neuraminidase inhibition
assay, applying 20-(4-methylumbelliferyl)-a-D-N-acetylneuraminic
acid (MUNANA) substrate!® to determine the concentration of drug
that inhibits the neuraminidase activity by 50% (IC50).” Whereas
functional drug susceptibility was ascertained on MDCK grown virus,
all genotypic testing was performed on original clinical material.

H1 viruses were characterised as oseltamivir-resistant by the
measurable (ie >10% of NA-encoding RNA) presence of the H275Y
substitution in the NA protein and/or with elevated neuraminidase
inhibitory 1C50 values compared to the mean IC50 of susceptible
samples in current and previous seasons. An isolate with a 10- to
100-fold increase in IC50 was classified as having “reduced inhibi-
tion” (RI) and with more than 100-fold increase in IC50 as “highly re-
duced inhibition” (HRI). Viruses that could not be propagated for NA
susceptibility studies were characterised as “amino acid substitution
previously associated with highly reduced inhibition” (AAHRI) by the
presence of the H275Y substitution. Nucleotide sequences were fur-

ther analysed by BioNumerics (Applied Maths, Sint-Martens-Latem,

Belgium), BioEdit?® and MEGA 6 software.?! Phylogenetic trees
were constructed with the neighbor-joining method, using Kimura
2-parameter pairwise distances. Nucleotide cluster analysis was
performed with maximum parsimony trees. Sequences were sub-
mitted timely to the EpiFlu database hosted by the Global Initiative
on Sharing All Influenza Data (GISAID). The accession numbers of
resistant Norwegian viruses are given in Table 1. The amino acids
positions are described using N1 numbering.

Antiviral sales figures were extracted from the Norwegian Drug
Wholesales Statistics and the Norwegian Prescription Database
(NorPD). The wholesales statistics contain complete data on all
medicines sold, as packages sold and number of defined daily doses
(DDD), from the wholesalers to Norwegian pharmacies, hospitals
and nursing homes. We calculated courses sold per. 1000 inhab-
itants based on population data from Statistics Norway. The pre-
scription database receives reports from all pharmacies in Norway
on prescriptions filled by outpatients registered on their unique per-
sonal identification number.

3 | RESULTS

Influenza A viruses accounted for 69% of the influenza virus de-
tections in the 2015-16 season in Norway. As in most European
countries that season, HIN1 was accounted for more than 90% of
sentinel influenza A viruses in Norway. Activity peaked at inter-
mediate levels in late February, weeks 5 through 8. From week 12
onwards, influenza B viruses of the Victoria/2/1987 lineage predom-
inated until settling at low levels in early June (Figure 1). The HIN1
viruses mostly belonged to the 6B.1 clade.?? In total, 2580 samples
were collected for further analysis this season (276 H3N2, 1310
H1N1 and 994 influenza B). Out of the HIN1 viruses received, 571
were from hospitalised patients and 734 were from outpatients (out
of these, 75 were from the sentinel system of GPs). We performed
neuraminidase susceptibility testing on 326/1310 (28%) of the HIN1
viruses, 264 of the H3N2 viruses (24%) and 69 of the influenza B
viruses (7%) that were received at the NIC in the 2015/16 season.
The neuraminidase gene was sequenced either by pyro- or Sanger
sequencing in 301 samples.

Since the HIN1 emergence during the 2009 pandemic
and until the 2015/16 season, only one Norwegian virus, (A/
Norway/2227/2015 HIN1pdmQ9), collected in May 2015, had been
found resistant to oseltamivir. The virus, possessing the H275Y sub-
stitution, was from an outpatient from south-east of Norway, with
no history of antiviral treatment or travel abroad. The first resistant
H1N1 virusin the 2015/16 influenza season (A/Norway/2914/2015)
was detected in December 2015 (Table 1). The sample was collected
as part of the surveillance system and was from an outpatient child,
with no exposure to antiviral drugs or travel history. By the end of
March 2016, the proportion of samples with antiviral resistance to
oseltamivir (275Y mutation) had increased to 3% of the tested HIN1
samples. In total, 10 out of the 326 HIN1 samples tested were found
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FIGURE 1 Laboratory detections, Norway, 2015-16. Weekly numbers of the different influenza viruses are displayed as stacked bars,
and influenza virus positivity rates of all laboratory testing are shown as line graphs

to be oseltamivir-resistant (Table 1), all belonging to the HA genetic
clade 6B.1. Six of these ten resistant cases were sampled from out-
patients and four cases were from hospitalised patients. Seven out
of these ten cases were sampled in March 2016. The six resistant
samples from outpatients were from different parts of southern
Norway (Figure 2) and were detected from week 51 in 2015 through
week 12 in 2016. Three of the outpatients were known not to have
been treated with antivirals. Two of the four hospitalised cases had
received antiviral treatment. Hospitalised resistant cases were, as
the outpatient samples, from different parts of southern Norway,
but all were sampled in March 2016 (Figure 2).

Six resistant viruses from different geographic regions, both from
hospitalised and outpatients spanning from week 3 through week 12
of 2016, clustered together phylogenetically in both the HA and NA
genes (Figures 3 and 4) and were closely related to the first resistant
case from December. This cluster of viruses was characterised by
amino acid substitution N370S in the HA stalk region and a signature
silent nucleotide mutation to guanine at position 711 in the HA gene.
In NA, these viruses were characterised by the amino acid substi-
tution T48I, not found in other resistant cases or other cases from
Norway and very few globally; only one single sample in GISAID
EpiFlu, besides the Norwegian strains” possessed the T48l substitu-
tion in NA, but this sample lacked the H275Y substitution. It cannot
be excluded, however, that a less than 50% presence of the substi-
tution may have been overlooked in sequencing. Therefore, similar
viruses have not been reported from other countries, which could
imply that the virus has not spread further. This T48I substitution

was not found in the first case of resistance (A/Norway/2914/2015),
but this case had the signature nucleotide mutations uracil at posi-
tions 39 and 573 in common with the six later cases.

The hospitalised patient with sample A/Norway/1759/2016
(Table 1) developed resistance during treatment with oseltamivir
(Table 1) but died shortly after. The virus in the initial bronchoalve-
olar lavage (BAL) sample taken 1 March (A/Norway/1759-1/2016)
was oseltamivir sensitive, carrying histidine in position 275. A naso-
pharynx sample (A/Norway/1759-3/2016) from 9 March, following
oseltamivir treatment, indicated development of resistance by 48%
Y in position 275. Virus in a BAL sample from the same patient (A/
Norway/1759-2/2016) taken the same day was resistant to osel-
tamivir possessing the H275Y substitution (70%).

Another hospitalised case with resistant virus (A/
Norway/2298/2016) (Table 1), who was treated with oseltamivir,
groups phylogenetically together with the resistant virus from
an outpatient (A/Norway/2114/2016) in both HA and NA genes
(Figure 2). These viruses share one signature nucleotide mutation
uracil at position 451, not found in any other Norwegian H1 vi-
ruses. Both persons (age > 50) lived in the same neighbourhood.
The outpatient was sampled 3 days before the hospitalised patient
(Table 1).

The phenotypic resistance analysis of viruses that we were
able to propagate supported the genetic analysis of oseltamivir-
resistant viruses, with a 1000-fold increase in IC50 confirming
highly reduced inhibition by oseltamivir and normal inhibition by
zanamivir (Table 1).

FIGURE 2 Geographic localisation of oseltamivir-resistant cases in Norway in the 2015/16 season. Oseltamivir-resistant viruses from
outpatient (red) and hospitalised persons (green) at different time periods (wk) and locations in the southern part of Norway in the 2015-16

season. Numbers indicate week of sampling
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FIGURE 3 HA and NA gene cluster
analysis of HIN1 virus in the 2015/16
season in Norway. HA and NA genetic
diversity (nucleotide) of oseltamivir-
resistant Norwegian viruses from
outpatients (red), hospitalised (green)
patients and non-resistant cases

(open circles) with reference virus A/
California/7/09(H1IN1)pdm09. Genetic
groups are indicated in the H1 cluster, and
key amino acid substitutions defining the
community-spread oseltamivir-resistant
cluster are given. Cluster analysis was
constructed with BioNumerics, and basic
maximum parsimony tree was applied as
network creation method

{

6B.2

Antiviral use in Norway is low with sales of one courses/1000
inhabitants during 2016 (Table 2). Much higher sales were recorded
during the 2009 H1N1 pandemic (Table 2). Hospitals represent ap-
proximately 31% of dispensed doses while prescriptions stand for
48% and nursery homes, GPs or other institutions for 22% measured
in DDDs (based on wholesale numbers from 2015). The consump-
tion is higher in adults than in elderly and children.

4 | DISCUSSION

An unusually high percentage of antiviral resistance to oseltamivir
was detected in influenza HIN1 viruses from Norway during the
2015-16 season. The ten HIN1pdmO9 oseltamivir-resistant cases
(3%) included both outpatients and hospitalised patients. The ge-
netic analysis suggests that resistant virus emerged independently
on several occasions and that there was some spread of oseltami-
vir-resistant influenza A(H1IN1) 6B.1 viruses in the community. The
first case was detected in December in an outpatient. During the
season, six of the resistant viruses formed a genetic cluster with
resistant viruses from different geographic locations in Norway,
spanning from week 3 to week 12. Five of these cases had no an-
tiviral treatment and four of the cases were outpatients. The sin-
gle patient undergoing treatment was sampled second last of the
samples in the cluster; thus, it is likely that the resistance mutation

T48I
/\g

@ H275Y Hospitalised

@ H275Y Outpatient

O H275

@ Reference A/California/7/09

was present at infection and did not arise as a consequence of
treatment of that patient. It is therefore most likely that the resist-
ant viruses from this cluster were able to persist in the community
at least from late January and until the very end of the season.
The signature NA substitution at position 48 (T48l) in NA of this
cluster of viruses is located in the unstructured linker region (resi-
due 35-82) which connects the membrane anchor to the catalytic
neuraminidase domain (residues 83—469).23 The unique substitu-
tion in HA, N370S, is located in the stalk region of HA. The effect
on virus transmission or infectivity caused by these substitutions
is unknown.

Two other resistant viruses clustered together in both the HA
and NA genes. The two viruses were found in one hospitalised pa-
tient with oseltamivir treatment and one outpatient from the same
neighbourhood. The outpatient was sampled 3 days before the hos-
pitalised patient. It is therefore not unlikely that the hospitalised pa-
tient was infected with an already resistant virus before treated with
oseltamivir.

The last case of resistance was a result of antiviral treatment and
was genetically distinguishable from the first case and the two other
clusters of resistant viruses that season.

All Norwegian H1N1 viruses characterised possessed the V241l
and N369K substitutions in NA, including the resistant viruses.
These mutations are known to increase replication and transmission
fitness** and were reported during a widespread cluster of H275Y

FIGURE 4 Phylogenetic reconstruction of Norwegian 2015-16 A/HIN1pdmO09 HA (A) and NA (B) genes. Reference viruses are in bold,
vaccine strain 2015-16 is marked in red bold italic and root is underlined. Aligned partial HA gene sequences (1010 bases) (A) and NA gene
sequences (945 bases) (B) were subjected to phylogenetic analysis using neighbor-joining of Kimura-corrected genetic distances. Bootstrap
values above 70% out of 500 resamplings are shown. Norwegian viruses from this season are named as “local ID_Isolate name_week.” Key
amino acid differences to the reference A/California/07/2009 are indicated on key branch nodes. Oseltamivir-resistant viruses from Norway
in the 2015-16 season are underlined. O, Hospitalised; A, Treated with oseltamivir. Genetic HIN1 groups are indicated on the side of the

tree
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TABLE 2 Sales of influenza antivirals, Norway, 2009-2016

Wholesales statistics®

Prescriptions

Number of courses sold

Year Oseltamivir ~ Zanamivir  Total 1000 inhabitants
2009 811971 76 215 888186 185.07
2010° -406 549 -67 804 -474 353 -97.64
2011 6471 -38 6433 1.31
2012 3489 -87 3402 0.68
2013 10377 61 10438 2.07
2014 3131 21 3152 0.62
2015 3678 66 3744 0.72
2016 5459 15 5474 1.05

Total courses sold per

Number of courses sold

Total courses sold per

Oseltamivir ~ Zanamivir  Total 1000 inhabitants
345015 2986 348001 72.51
4676 46 4722 0.97
3205 50 3255 0.66
2234 38 2272 0.46
4552 94 4646 092
1259 21 1280 0.25
1699 59 1758  0.34
2562 27 2589  0.50

*Wholesales statistics represent sales from wholesalers to pharmacies, hospitals and nursing homes. Prescriptions: Sales from the Norwegian

Prescription Database (NorPD) are included in the wholesales statistics.

*The negative numbers in 2010 are a result of return of unused medicines to the wholesales after stockpiling due to the 2009 pandemic. This means
that at least 50% of the courses sold in 2009 were not used. It is not possible to separate the sales of new packages in 2010 from the returns from 2009.

mutant H1 viruses in Australia in 2011.*2 All Norwegian HIN1 vi-
ruses had lost the same glycosylation site in NA as reported in the
Hokkaido cluster, due to the substitution N386K.1° These three sub-
stitutions are now present in the vast majority of circulating HIN1
viruses.

The proportion of oseltamivir-resistant viruses carrying the
H275Y substitution was 3%, while the overall frequency in Europe
the same season was 0.87% (27 viruses),>* with 10 out of these 27
resistant H1 cases being of Norwegian origin. The global overall
frequency for viruses with reduced inhibition (RI) or highly reduced
inhibition (HRI) by neuraminidase inhibition (NAI) assay was 0.5% in
2014/15% and 1.8% in 2015/16.2% The consumption of influenza an-
tivirals in Norway is generally very low (Table 2) and is not believed
to have contributed to increased prevalence of resistance. Studies
suggest that approximately 64% of oseltamivir-resistant cases de-
tected have arisen inimmunosuppressed patients and occurred after
oseltamivir treatment, with only 12% of resistance developing with-
out drug use27’28; however, antiviral resistance in untreated patients
is largely understudied. Development of resistance to oseltamivir
during treatment occurred more among seasonal influenza A(H1IN1)
virus infections (27%) compared with seasonal influenza A (H3N2)
(3%) or B (0%) viruses.?’ In Norway 2016, most (6 out of 10) os-
eltamivir-resistant HIN1 cases were outpatients not likely related
to antiviral drug treatment. Community cases will only sporadically
be picked up if antiviral resistance testing is mainly conducted on
immunocompromised patients or hospitalised patient on antivi-
ral treatment. Most resistant cases during the 2015-16 season in
Norway occurred at the end of the season in March. By the end of
March, very few H1 cases were detected and by week 12 influenza B
dominated until season ended. The following season (2016-17) was
dominated by H3N2 viruses in Norway and Europe with very few
H1N1 viruses circulating, and the 2017-18 season was dominated by
influenza B, also with few H1N1 viruses. The frequency of antiviral-
resistant HIN1 viruses in Europe increased from 0.4% in 2014/15

to 0.9% in 2015/16 to 1.9% both 2016/17 and 2017/18 (Flu News
Europe). The overall prevalence of resistant influenza strains was
between 0.3% and 0.9%.

Antiviral resistance testing on community viruses should be a
priority, especially in the following seasons dominated by H1N1 vi-
ruses. As mentioned, there have previously been other incidences of

1'2 and in

resistant HIN1 community clusters as in Australia in 201
Hokkaido, Japan, in 2013-14.1%%° None of the clusters persisted until
the subsequent season, as the mutant resistant viruses faded out in
spring and other, imported, HIN1 viruses founded the next-season
circulating strains in autumn. Our results emphasise the importance of
surveillance of antiviral resistance, not only in immunocompromised
patients or during treatment; community surveillance is of equal or
higher priority. It is worrying that we found this high frequency of re-
sistance in Norway and this report will hopefully increase the aware-
ness of resistant viruses circulating in the community. Many countries
have to rely solely on oseltamivir as antiviral treatment; zanamivir is
no longer available on the Norwegian market due to low sales, there-

fore options for alternative antivirals are needed.
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