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It’s here: the first impact factor for Eurosurveillance.
On 28 June 2012, Thomson Reuters published the 2011
impact factors: an exciting 6.15 places Eurosurveillance
at rank 6 among the 70 journals in the category
Infectious Diseases [1] and thus puts us prominently
on the global scientific community map.

‘We don’t have one’ used to be the answer when we
were asked about the impact factor for the journal. This
changed in 2009, when Eurosurveillance was accepted
and listed for the impact factor, and we were able to
say ‘We’ll get it’. Now we have it, we are more than
pleased with the encouraging 6.15, which is similar to
that of leading journals in the field. We regard it as an
endorsement of our work and editorial policy. It also
justifies the confidence shown by our contributors in
the many strengths of Eurosurveillance and our ability
to reach the right audience in the years when we did
not yet have an impact factor. It is also a testament to
the dedication of the Editors-in-chief and various edi-
torial teams during the journal’s 15-year history [2],
whose hard work has led to making the journal what
it is today.

The figure of 6.15 gives us a firm basis on which to
build in the future. It will help us to attract the best
and most relevant papers for our readers in the field
of infectious disease surveillance and epidemiology.
Eurosurveillance will, of course, continue to serve as
a platform for the public health community across
Europe, in order to ensure that all relevant findings
are shared internationally. We will keep on striving to
provide timely information that supports infectious
disease prevention and control. In so doing, we aim to
influence the public health agenda and stimulate sci-
entific debate.

In 1955, Eugene Garfield first presented the concept
of an impact factor in a paper in Science [3] and the
concept evolved over time [4]. The 2011 impact factor
is computed using the total number of citable articles
published in a given journal in 2009 and 2010 as the
denominator and the number of times these articles
are cited in indexed journals in 2011 as the numerator.
The resulting figure is widely considered as an indica-
tor of the scientific impact of a journal, and publishing
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in journals with a high impact factor is a requirement
for an academic career in many institutions.

It is not news that the impact factor is a much debated
and controversial indicator [5-7], but commonly
accepted alternative measures remain to be devel-
oped. One way of assessing the impact of articles and
journals is the ranking of the Faculty of 1000, which
selects articles for post-publication peer review [8].
Eurosurveillance is proud to have had five of its papers
selected and ranked as ‘must read’ [9] and ‘recom-
mended’ [10-13]. Other suggested ways to measure
journal impact are the h-index [14] and the Scopus-
based SClmago Journal Rank (SJR) [7]. The latter gives
an indication of how the average article of a journal
influences science: citations from highly cited journals
weigh more than those from low-cited ones. Thus the
average article published in a journal with a higher SJR
is considered more central to the scientific discussion
than those of journals with a lower SJR. The 2011 SJR
ranks Eurosurveillance at 61 of 1,597 journals in the
field of medicine [15].

While equipped with a good impact factor and rank-
ing in the SJR and well positioned among other jour-
nals in our field, Eurosurveillance aims to progress
still further and we expect to attract a number of new
contributors. An online submission system, due to be
launched later this year, will help us to process sub-
missions more efficiently. We have already started
using a plagiarism-detection software. Moreover, we
have entered the world of social media by setting up
a Twitter account earlier this year. A steady increase of
‘followers’ of the journal, by on average two to three
per day, shows we are on the right track. We also plan
to set up Eurosurveillance pages on several social net-
work sites soon. Watch out for them.

In times when open access ‘mega journals’ — publish-
ing several thousands of articles a year — are evolv-
ing, more journals are moving towards offering open
access and new business models are emerging, such
as offering authors publishing flat rates. Having a non-
commercial publisher allows us to provide a platform
also for authors with limited financial resources or
those from less-resourced institutions. In this way, we
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contribute to broadening the evidence base within our
scope.

Even if the impact factor boosts the reputation
of the journal, we will keep on doing things the
Eurosurveillance way. We have developed many strong
personal ties with our contributors and have built a
solid network of collaborators and advisors: we are
grateful for their involvement over the years and thank
them once again for their support. By our commitment
to serving authors, reviewers and the greater scientific
community, we actively participate in providing high-
quality information for the benefit of public health.
Acknowledgments
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We report the first documented cases of sandfly fever
virus infection in travellers returning from Malta to
Switzerland in autumn 2011. These cases illustrate the
importance of considering sandfly-borne viral infec-
tion in the differential diagnosis of febrile patients
from the Mediterranean island Malta. Raising aware-
ness among physicians is relevant especially now at
the beginning of the summer tourist season.

On 17 October 2011, a Swiss citizen was hospitalised
with fever, nausea, vomiting and intensifying head-
ache two days after his return from the Mediterranean
island Malta, where he had spent two weeks on Gozo
Island. Nine days before his admission, the patient had
suffered from back pain, tiredness and subfebrile tem-
peratures, but had recovered after medication with the
non-steroid inflammatory drug ibuprofen. The patient’s
wife had suffered from similar, less intense symptoms.
Both had multiple insect bites and were diagnosed with
laboratory-confirmed sandfly fever. The couple’s two
accompanying children and two further travel compan-
ions had been frequently bitten by small flying insects,
but suffered no symptoms.

Case 1

Case 1, a man in his late 40s, was admitted to hospi-
tal in Switzerland two days after his return from Malta
and presented in a reduced general condition. He had
fever (38.4 °C), a generalised rash and complained of
severe headache, without meningism. Multiple skin
lesions due to insect bites were visible on the extremi-
ties (Figure).

Laboratory tests for this patient, including C-reactive
protein, electrolytes and transaminases revealed no
abnormalities, and a complete blood cell count showed
relative lymphopenia (17.9%, normal range: 20-52%).

Because of the recent stay in a Mediterranean coun-
try and the multiple skin lesions, a sandfly fever
virus (SFV) infection (pappataci fever) was assumed.
Serology for SFV was positive on a serum sample taken
on the day after admission, i.e. 10 days after onset of
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first symptoms on Malta. An immunoblot (IB) for bun-
yaviruses (Mikrogen, Munich, Germany) showed reac-
tivity with the TOSV bands, with stronger intensity than
the cut-off reference, indicating the presence of IgM
and IgG antibodies against TOSV. An indirect immuno-
fluorescence test (IIFT) (Sandfly fever virus Mosaic 1,
Sandfly fever virus serotypes Sicilian, Naples, Toscana,
Cyprus; Euroimmun, Liibeck, Germany) revealed high
serum antibody titres against Toscana and Naples
SFV (Table), indicating an infection with a phlebovirus
belonging to the SFNV serological complex.

In a convalescent serum, taken 52 days after onset of
illness, an eight-fold increase of anti-TOSV IgM was
demonstrated, accompanied by a five-fold increase for
anti-TOSV 1gG (Table).

The patient gradually improved under analgesic and

anti-emetic therapy. On day 15 after onset of illness he
could be transferred to a rehabilitation centre and fully

FIGURE

Multiple skin lesions due to the insect bites on arm of
sandfly fever patient, Switzerland, October 2011
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TABLE
Serology results for two patients with sandfly fever, Switzerland ex Malta, October 2011

Case 1 Case 2

Days post-onset of illness 10 52 11 52
TOSV IgW IB ++ ++ +/- ++
TOSV IgG IB ++ ++ ++
TOSV IgM IIFT 400 3,200 100 1,000
TOSV IgG IIFT 2,000 10,000 1,000
SENV IgM IIFT 400 1,000 100 320
SFNV IgG IIFT 1,000 1,000 100
SFSV IgM IIFT

SFSV IgG IIFT

SFCV IgM IIFT

SFCV 1gG IIFT

IB: bunyavirus immunoblot, IIFT: indirect immunofluorescence test; SFCV: sandfly fever Cyprus virus; SFNV: sandfly fever Naples virus; SFSV:

sandfly fever Sicilian virus; TOSV: Toscana virus.
++ strong reactivity,
+/- weak reactivity,
no reactivity/no immunofluorescence.

Numbers refer to reciprocal titres, according to the dilution scheme of the manufacturer. End-point titres were adjusted to the strength of
immunofluorescence, e.g. end-point titre 1:3,200, if serum-dilution 1:1,000 showed medium strength of immunofluorescence.

recovered 21 days after onset of symptoms. The patient
suffered no relapse in the following eight months.

Case 2 and accompanying persons

Case 2, awoman in her early 5os, showed positive IgM
antibodies against TOSV and SFNV in a serum taken 11
days after onset of illness, with a 10-fold increase in
anti-TOSV IgM and a seroconversion for anti-TOSV IgG
antibodies in a follow-up serum, taken on day 52 after
onset of illness (Table).

Serum samples were also taken from the couple’s chil-
dren and the two accompanying travellers on day 52
after onset of illness of patients 1 and 2. All samples
were tested by IIFT and IB and turned out negative for
IgM and IgG antibodies against TOSV, SFNV, SFSV, and
SFCV.

Leishmania species are known to be transmitted by
Phlebotomus perniciosus in Malta [5]. Patients were
informed to remain alert for late appearing symptoms
of leishmaniasis, which may not manifest until months
after infection [5]. However, in the following eight
months, none of the travellers developed clinical signs
of leishmaniasis.

Background

Phleboviruses of the Bunyaviridae family, transmitted
to humans by arthropods, are found in Europe, Africa,
central Asia, and the Americas. In Mediterranean
Europe, the phleboviruses Toscana virus (TOSV), sand-
fly fever Naples virus (SFNV), sandfly fever Sicilian
virus (SFSV), and sandfly fever Cyprus virus (SFCV) are
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transmitted by phlebotomine sandflies. Among these,
TOSV circulates in countries around the Mediterranean
Sea (Algeria, Cyprus, France, Greece, lItaly, Portugal,
Spain and Turkey) [1,2].

TOSV may cause an acute, nonfatal, influenza-like
symptomatology or even aseptic meningitis and menin-
goencephalitis [2-4]. SFNV, SFSV and other related
viruses can cause the so-called ’three-day fever’ or
’pappataci fever’. Patients present with influenza-like
symptoms including fever, retro-orbital pain, myalgia
and malaise and usually recover fully within a week.
However, infections with these viruses, even when
mild, have been shown to be highly incapacitating dur-
ing the time the patients are affected [2].

Discussion

Viruses in the genus Phlebovirus can cause a variety
of clinical syndromes ranging from a brief, self-limiting
febrile illness to encephalitis, meningoencephalitis
and fatal haemorrhagic fever. Of our cases, the male
patient suffered from symptoms of a SFV infection that
incapacitated him for two weeks, while his wife had
less severe symptoms. The other four travellers accom-
panying the couple were not infected, despite multiple
insect bites.

The Phlebovirus genus consists of more than 60 distinct
virus serotypes. While antigenically unrelated to mem-
bers of other genera in the family Bunyaviridae, vari-
ous degrees of cross-reactivity in serological tests can
occur within the genus, as reported for the SFNV and
SFSV antigenic complexes [6,7]. Our patients showed




cross-reactions in the IIFT using SFNV and TOSV anti-
gens, both members of the SFNV antigenic complex.
Although IIFT using SFSV and SFCV as antigens yielded
negative results, reactions with other serotypes in the
genus Phlebovirus cannot be ruled out.

Viral neutralisation tests (VNT) using early convales-
cent sera remain the serological reference method to
identify these viruses or to assess the specificity of the
antibody response [8]. Although generally regarded
as the gold standard assay for specificity, the VNT is
relatively labour-intensive and only established in few
laboratories. SFV-specific commercial assays such as
IIFT, enzyme-linked immunoassay and IB are much
more commonly used. For the diagnosis of the cases
described here, we used IIFT for screening purposes
and the IB as confirmatory assay [8].

Direct viral diagnosis by isolation and RT-PCR from
blood or cerebrospinal fluid is only possible in the early
stages of infection, i.e. the first two days after onset of
symptoms and before seroconversion [2]. Case 1 pre-
sented on day 9 after symptom onset, at a time when
SFV-specific serology was already positive. Diagnosis
was therefore attempted by serological investigation,
using two commercial kits. That the increase in anti-
TOSV IgM and IgG in the convalescent serum of Case
1 was higher than the increase in antibodies against
SFNV, was suggestive of an infection with TOSV rather
than with SFNV. Similarly in Case 2, anti-TOSV IgM
increased more than anti-SFNV IgM and was accompa-
nied by higher seroconversion for anti-TOSV I1gG than
for SFNV-1gG.

Most cases of TOSV infection have been reported in
residents of or travellers to central Italy and Spain,
and sporadically in other Mediterranean regions such
as Portugal, Cyprus, southern France and Greece [9].
Asymptomatic infections have also been described [9].
Unlike the other SFV serotypes, TOSV shows a peculiar
neurotropism. It can cause meningitis or meningoen-
cephalitis from which patients generally recover within
seven to 10 days [9]. TOSV infections occur particularly
during the summer and correlate with the life cycle
of the insect vectors Phlebotomus perniciosus and
P. perfiliewi [9].

TOSV has been isolated from P. perfiliewi and
P. perniciosus. The latter vector is distributed through-
out the Mediterranean region as two races. SFNV has
been isolated in Italy from P. perniciosus, in Serbia
from P. perfiliewi and in Egypt from P. papatasi [10].
The typical P. perniciosus race occurs in Italy as well as
in Tunisia, Morocco and in Malta [10]. However, to the
best of our knowledge, neither TOSV nor SFNV infec-
tions have been reported from Malta so far. Thus, in
connection with the beginning of the summer season,
it is now of particular relevance to consider sandfly-
borne phleboviruses in the differential diagnosis of
patients returning from Malta and presenting with
febrile illness.
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In Réunion, a French overseas territory located in the
southern hemisphere, increase in influenza activ-
ity is generally observed several months earlier than
in Europe. Influenza activity is monitored in Réunion
through a multi-source surveillance system including
sentinel practitioners network, hospital emergency
department, laboratory and mortality. Since 2009,
three successive influenza epidemics occurred on the
island. The largest was observed in 2009 while epi-
demics in 2010 and 2011 were much weaker. In terms
of circulating strains, B viruses were predominant at
the beginning of the 2009 epidemic but they were
completely evicted once A(HiN1)pdmog circulation
started. In 2010, A(HiN1)pdmog virus was predomi-
nant again, but a constant co-circulation of B viruses
was observed. In 2011, A(H3N2) virus circulated. The
same viruses were identified a few months later in
mainland France in the respective seasons. Since
2009, virus circulation, epidemiological trends and
health impact of influenza have been similar to those
observed in Europe. Influenza surveillance in Réunion
may therefore give reliable early information which
should be considered apart from the surveillance in
mainland France. Then, it might be even a more suit-
able predictor for Europe than other temperate south-
ern hemisphere countries.

TABLE 1

Article submitted on 3 February 2012 / published on 5 July 2012

Introduction

Réunion, a French overseas territory with 840,000
inhabitants (2011 estimate [1]), is located in the south-
ern hemisphere in the south-western Indian Ocean. It
is 700 km east of Madagascar and 200 km south-west
of Mauritius, above the Tropic of Capricorn. The island
benefits from a healthcare system similar to mainland
France and epidemiological surveillance has been
developed by the regional office of the French Institute
for Public Health Surveillance (Cire Ol) based on the
surveillance system of mainland France [2]. Despite the
distance of 9,300 km between Réunion and France, the
island is directly connected to Europe with four daily
flights to France.

The interest of monitoring influenza in temperate south-
ern hemisphere countries has been recently underlined
because it may give an indication of what will happen
in Europe during the following winter [3]. Because of
its location and a surveillance system similar to the
one in France, Réunion can also provide suitable infor-
mation in terms of prevision. Indeed, as seasons are
inverted compared with those in the northern hemi-
sphere, increase in influenza activity is observed on
the island during the ‘austral’ winter (June-July), i.e.
several months before Europe. Information collected

Indicators collected continuously through influenza surveillance system, Réunion, France

Source Indicators Frequency Starting year

e Total number of deaths 2006
Mortality records e Number of death certificates with mention of influenza Daily 2008

e Death in intensive care units and detection of influenza virus (PCR for influenza) 2009
Emergency e Total number of emergency room visits
departments and e Emergency room visits for acute respiratory infections (number and percentage) Daily 2009
hospital wards e Severe cases of influenza (number, severity and outcome)
Sentinel e Total number of consultations Weekl 1006
practitioners e (Consultations for influenza syndrome (number and consultation rates) y 99
Reference hospital e Total number of samples for influenza analysis

P e Number of positive tests for influenza virus (PCR for influenza virus) Weekly 1998

laboratory . . . ,

e Type of influenza virus (PCR for influenza virus)

www.eurosurveillance.org 7



FIGURE

Weekly consultations for acute respiratory infections and number of samples positive for influenza viruses, Réunion,

France, 2009-2011
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E= Samples positive for influenza A virus, excluding influenza A(H1IN1)pdmog ~ mmm Samples positive for A(H1N1)pdmog virus

B Samples positive for influenza B virus

— ARI consultations (%)

ARI: acute respiratory infection.
Source: sentinel practitioner network.

can thus be the same as that observed in Europe a few
months later.

The aim of this paper is to present the main results
from the surveillance system for influenza in Réunion
from 2009 to 2011 in order to assess whether this terri-
tory should be considered as an interesting sentinel for
influenza surveillance.

Methods

In Réunion, influenza activity has been monitored
since 1996 through a sentinel practitioner network [4].
During the influenza A(HiN1)pdmog pandemic, a multi-
source surveillance system has been developed [2] to
complete this sentinel network. Indicators continu-
ously collected through this surveillance system are
summarised in Table 1. Statistical analysis is carried
out using Stata and Excel.

Epidemiological and virological

surveillance of acute respiratory infections

by the sentinel practitioner network

Forty general practitioners and two paediatricians
participate in the influenza sentinel network (4.9%
of the total general practitioners). They are located
all over the island and report on a weekly basis their
total number of consultations and the number of acute

=3 Samples positive for A(H3N2) virus

respiratory infections (ARI) according to the following
case definition: sudden onset of fever »38° C, cough,
associated or not with other symptoms (breathing dif-
ficulty, headache, etc.). Weekly ARI consultation rates
are calculated and monitored in order to follow the epi-
demiological situation of influenza. Furthermore, every
physician of the sentinel network is expected to collect
a nasal swab from the first two patients of the week
presenting with ARl symptoms with an onset of less
than three days. This sampling allows surveillance of
the viruses circulating in Réunion. Swabs are tested by
RT-PCR influenza in the reference hospital laboratory
(CHU, Réunion).

Hospital emergency departments and
surveillance of severe cases of influenza

There are four emergency departments in Réunion.
In all of them, a computerised medical file is filled in
during each medical consultation, regardless of the
diagnosis. Medical files are automatically extracted
and transmitted daily to the French Institute for Public
Health Surveillance (InVS, Paris, France). The regional
office (Cire Ol) can then monitor daily number of visits
for all causes including ARI. In addition to this surveil-
lance, all severe influenza cases observed in Réunion
are reported by clinicians to the Cire Ol through a stand-
ardised form including epidemiologic, demographic

www.eurosurveillance.org



TABLE 2

Comparison of circulating influenza viruses, Réunion and mainland France, influenza seasons® during 2009-2012

2009 2010/11 2011/12

Location . . . Influenza . . . Influenza . . . Influenza

Ealishaie et virus isolated Eifeksiie [periio virus isolated Eriekeinfe [peiio virus isolated

e Predominantly .

Réunion Week 30 to e A(HiN1)pdmoog Week 35 to A(H1N1)pdmog Week 16 to ¢ Predominantly A(H3N2)

week 42 (2009) |* B week 47 (2010) eB week 30 (2011) B
Mainland Week 43 to e A(HiN1)pdmog | Week 51 (2010) to ¢ Pﬁ(?ﬁfm;:?;gg Week 6 to : gredommantly A(H3N2)
France week 52 (2009) |* B week 7 (2011) oB week 14 (2012) « Occasionally A(HiN1)pdmog

2 In the southern hemisphere the influenza season is between May and October. In the northern hemisphere it is during the winter months.

and clinical data. A severe case of influenza is defined
as a patient with a laboratory-confirmed influenza
infection (positive RT-PCR for influenza virus) admitted
for more than 24 hours to an intensive care unit (ICU) or
as a patient who died.

Mortality surveillance

The National Institute for Statistics (Institut National
de la Statistique et des Etudes Economiques, Insee)
conducts the administrative recording of deaths from
all causes in France. For several years, Insee has been
monitoring and centralising daily mortality in France
including Réunion. In case of an influenza epidemic on
the island, we analyse this total number and excess
of deaths from all causes. This system is completed
by analysis of all death certificates received by the
regional public health authority that mention ‘influ-
enza’. These certificates are recorded as influenza-
associated deaths. Electronic death certification which
is being implemented in France is being used by the
Intensive Care Department of Saint-Denis Hospital, and
is analysed in real time by the Cire.

Results

Data from the physician sentinel network and from
virological surveillance for 2009—2011 are presented in
the Figure.

Since 2009, three successive influenza epidemics
occurred in Réunion. The largest was observed in
2009, with consultation rates for ARI reaching 21%.
In 2010 and especially in 2011, epidemics were much
weaker with a maximal percentage of ARl of 8.5% and
6.7%, respectively. The three of them started during
the southern hemisphere winter (between June and
August), and lasted between 8 and 10 weeks. Numbers
of visits from emergency rooms show the same pattern
of consultation rates of sentinel network [4-5].

Regarding circulating strains, B viruses were predomi-
nant at the beginning of the 2009 epidemic, but they
were rapidly evicted once A(HiN1)pdmog circulation
started (Table 2).

www.eurosurveillance.org

In the 2010 influenza season in Réunion, the pan-
demic virus was predominant again, but a constant
co-circulation of B viruses was observed. In 2011, the
A(H3N2) virus has been circulating almost exclusively;
A/Victoria/210/2009 strain was notably identified. No
A(HiN1)pdmog circulation was detected and only few
instances of B virus circulation were identified. During
the three influenza seasons, the same viruses were
identified in mainland France, except in 2011/12 when
A(H1N1)pdmog was occasionally identified.

During the influenza A(HiN1)pdmog pandemic in 2009,
the Réunion surveillance system showed a nine-week
epidemic period, with a peak of consultation rate for
ARI during week 35 (24—-30 August 2009). The number
of patients with A(HiN1)pdmog infection who consulted
a physician was estimated at 66,915 (cumulative attack
rate: 8.26%) [3]. After 2009, epidemic periods of influ-
enza were observed in Réunion but they were weaker.

Characteristics of severe cases during 2009-2011 are
presented in Table 3.

Chronic respiratory disease was the most common
comorbidity every year. The non-negligible proportion
of obese patients has to be noted, as well as the pres-
ence of one pregnant woman in 2009 and two in 2010,
without any other risk factor for severity. In 2010, a
particularly high severity among patients hospitalised
in ICU could be observed: all 14 patients needed respir-
atory assistance. Half of them needed extracorporeal
membrane oxygenation or high frequency oscillation.
Half of the patients hospitalised in ICU died.

Discussion

Since 2009, the surveillance system of influenza in
Réunion allows to have a good and real-time view of
the epidemiological situation through monitoring a
large range of indicators [5-8]. The epidemiological
situation of the pandemic influenza in 2009 has been
described in other temperate countries of the southern
hemisphere [9] and showed that the epidemiological
pattern in Réunion compared well with that of other



TABLE 3

Characteristics of severe influenza cases?, Réunion, France, 2009-2011

Characteristic 2009 (n=24) 2010 (n=14) 2011 (n=8)
Sex (female) 13 8 3
Mean age in years (range) 38 (0—75) 43 (19-76) 52 (0-76)
Risk factors / comorbidities
Chronic respiratory disease 10 6 3
Obesity® 3 5 3
Diabetes 3 3 2
Pregnancy 1 2 (o]
Age 265 years 4 2 (o]
Cardiac disease 4 1 4
Immunodeficiency 1 1 ¢}
None 4 o] 2
Indicators or signs of severity
Acute respiratory distress syndrome 13 14 3
Respiratory assistance® 15 13 3
Extracorporeal membrane oxygenation® 5 1
High frequency oscillation® 2 ¢}
Death 5 7 1

2 Patients with a biologically-confirmed influenza infection admitted to an intensive care unit.

® Body mass index >30.

¢ The patient undergoes assisted ventilation by mechanical pump and endotracheal intubation.
4 Application of a life support system that circulates the blood through an oxygenating system, which may consist of a pump, a membrane

oxygenator, and a heat exchanger.

¢ High frequency oscillation ventilation is the delivery of small tidal volumes to the infant at fast frequencies. Both Inspiration and expiration

are active, therefore reducing the likelihood of gas trapping.

temperate southern hemisphere countries such as New
Zealand [10], South Africa [11], Australia [12-14], with
A(HiN1)pdmog virus circulating predominantly. This
pattern was indicative for what was going to happen
in the forthcoming influenza season in the northern
hemisphere. In 2010, a weaker epidemic was observed
with also a non-negligible number of severe cases [15].
Similar patterns were then observed in Europe [16],
confirming that surveillance of influenza in Réunion
can also provide useful data to anticipate what can be
expected a few months later in northern hemisphere
countries in terms of dynamics, severity and circulat-
ing viruses. During the last three years, our epidemio-
logical data identified obesity and diabetes as risks
factors of severe form of influenza. This was confirmed
a few months later in Europe [17,18].

During the 2011 season, we did not observe any
A(H1iN1)pdmog circulation, which is very specific to our
island since all the other southern hemisphere coun-
tries detected it [19]. In Réunion, the A(H3N2) virus
circulated almost exclusively whereas it was not the
predominant influenza A subtype in any temperate
southern hemisphere countries considered as sen-
tinels for the northern hemisphere [3]. A few months
later, in France, Ireland, Spain and the United Kingdom,
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the influenza season 2011/12 started during the last
weeks of 2011 and has been dominated by influenza
A(H3) viruses with minimal circulation of influenza
A(HiN1)pdmog and B viruses [20]. Since 2009, virus
circulation, epidemiological trends and health impact
in Réunion were therefore similar to those observed in
Europe. It confirms that Réunion might be even a more
suitable predictor for Europe than other southern hemi-
sphere countries.

In conclusion, influenza surveillance in Réunion may
give reliable timely information which should be con-
sidered apart from the surveillance in mainland France.
In addition to data from other southern hemisphere
temperate countries, influenza surveillance in Réunion
should be taken into consideration in order to make
predictions of what can be expected in the correspond-
ing winter season in northern hemisphere countries.

Furthermore, this information can be very useful for epi-
demiological surveillance in the Indian Ocean. An inter-
national network was initiated in 2006 by the Indian
Ocean Commission: the epidemiological surveillance
and alert control (SEGA - Surveillance Epidémiologique
Gestion des Alerte) [21]. One of its objectives is to
exchange epidemiological information on influenza

www.eurosurveillance.org



surveillance. Real-time data on the epidemiological sit-
uation of influenza and circulating viruses are therefore
available through this network for Comoros, Réunion,
Madagascar, Mauritius and Seychelles.
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Although oseltamivir-resistant pandemic influenza
A(HiN1)pdmog is uncommon in immunocompetent
individuals, a recent report from Newcastle, Australia,
showed the first sustained community spread, from
June to August 2011, of oseltamivir-resistant influenza
A(HiN1)pdmog virus carrying the H275Y neuramini-
dase (NA) mutation. To determine the frequency and
the extent of this viral variant spread in the nearest
major city to Newcastle, we performed a sequence-
based genotypic assessment on samples from 143
oseltamivir untreated and 23 oseltamivir post-treat-
ment individuals with influenza collected contempo-
raneously in Sydney, 120 km southwest of Newcastle.
The detection of two of 143 (1.4%) community-derived
samples containing H275Y suggests a low prevalence
of oseltamivir-resistant influenza A(HiN1)pdmog virus
in the general community and no convincing evidence
of spread of the NA H275Y-bearing influenza A(H1iN1)
pdmog virus. In oseltamivir treated patients, oseltami-
vir-resistant influenza A(HiN1)pdmog virus continue to
emerge with three of 23 (13%) post-treatment samples
containing the H275Y mutation. The observation of
signature mutations and distinct phylogenetic rela-
tionship in full-length sequences of haemagglutinin
and neuraminidase genes derived from 2011 strains
against 2009 strains indicates continued genetic
evolution and antigenic drift of the influenza A(H1N1)
pdmog viruses circulating in Australia.

Introduction

Although the world has moved into the post-influenza
pandemic period after 2009, local outbreaks and trans-
mission of the pandemic influenza A(H1iN1)pdmog virus
remained intense in the southern hemisphere 2011
winter [1].
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During the 2009 influenza pandemic, almost all tested
influenza A(HiN1)pdmog viruses remained suscepti-
ble to oseltamivir and zanamivir [2], but oseltamivir-
resistant variants bearing the H275Y neuraminidase
(NA) mutation emerged from individuals receiving
prophylaxis, and from immunocompromised patients
receiving treatment [3-5]. The frequency of oseltamivir
resistance mutations was relatively high in immuno-
compromised adults and young children when under
drug selection pressure, suggesting perhaps a rela-
tively low genetic barrier for NA H275Y to emerge in
influenza A(HiN1)pdmog viruses [s5].

Oseltamivir-resistant influenza A(HiN1)pdmog virus
with the NA H275Y mutation may present equivalent
viral fitness and transmissibility compared to wild-type
viruses in animal models, indicating its potential trans-
mission in the general community (similar to NA H275Y-
bearing seasonal influenza A(H1N1) viruses circulating
prior to 2009) [6], although others failed to confirm
these results, and data derived from animal models
may not be directly applicable to humans [7].

Currently, the detection of oseltamivir-resistant influ-
enza A(HiN1)pdmog virus in untreated individuals in
the community remains uncommon (generally less
than 1%) and transmission has been documented only
in closed settings or where there is close contact with
an infected individual [8-10]. However, a recent report
of the first sustained community transmission of
oseltamivir-resistant influenza A(HiN1)pdmog viruses
(detected in 16% of isolates), in Newcastle, Australia,
between June and August 2011 [11], has highlighted
the potential of widespread movement of oseltamivir-
resistant influenza A(H1iN1)pdmog virus.

www.eurosurveillance.org



The same study also observed the genetically related
oseltamivir-resistant influenza A(HiN1)pdmog virus in
Sydney, the largest city and transport hub in Australia,
and other areas, suggesting the spread of oseltamivir-
resistant influenza A(HiN1)pdmog virus had occurred
[11]. To determine the frequency and the extent of
spread, a sequence-based genotypic assessment of
influenza A(HiN1)pdmog viruses circulating at the
same time as the Newcastle outbreak was performed
in Sydney.

Methods

Patient samples

Respiratory tract samples from 143 oseltamivir treat-
ment-naive individuals infected with influenza A(H1N1)
pdmog virus, detected using an in-house nucleic
acid test (NAT) [12] were collected between June and
August 2011, which covered the time period during the
Newcastle outbreak. For comparison, samples from an
additional 23 individuals infected with influenza A(H1N1)
pdmog virus (confirmed on laboratory testing) who had
completed a five-day course of oseltamivir during same
period were also included. This study was approved by
the Sydney West Area Health Service Human Research
Ethics Committee (HREC2009/7/4.17(3031)).

Genetic analysis

Viral ribonucleic acid (RNA) was extracted from respir-
atory tract samples using the Qiagen EZI virus mini kit
on the automated EZI Advanced XL instrument (Qiagen,
Hilden, Germany). Partial NA gene was amplified using
the OneStep RT-PCR system (Qiagen, Hilden, Germany)
with primers 57 AGACACTATCAAGAGTTGGAGAAACA
3’ and 5’ TGTGATTTCACTAGAATCAGG 3’ according to
the manufacturer’s instructions. PCR products were

TABLE

purified and served as template for padlock probe rec-
ognition, followed by Rolling Circle Amplification (RCA)
of probe signal as previously described [5,13,14].

All samples showing a positive signal for the NA
H275Y mutation, together with randomly selected
samples with wild-type influenza A(HiN1)pdmog
virus, underwent full-length NA and haemagglu-
tinin (HA) gene amplification with the NA primers
(NA Ext: 5’ GATAATAACCATTGGTTCGG 37,
57 AAATGGCAACTCAGCACC 3’, Int:
5’ GGTCTGTATGACAATTGGAAT 3,
5 CACCGTCTGGCCAAGACC 3’), and HA primers
(HA Ext: 5° GGCAATACTAGTAGTTCTGCTATAT 3’,
57 CATATTCTACACTGTAGAGACCC 3,
Int: 5° CTATATACATTTGCAACCG 3’ and
5’ CCATTAGAGCACATCCAGAAAC 3’). PCR products were
purified and sequenced (Applied Biosystems, Foster
City, CA, USA).

Chromatograms, together with their sequences, were
aligned with the influenza A(HiN1)pdmog consen-
sus sequence derived from Australian sequences
submitted to the National Center for Biotechnology
Information (NCBI) Influenza Virus Sequence Database
(http://www.ncbi.nlm.nih.gov/genomes/FLU/)  using
Sequencher software (Gene Codes Corporation, Ann
Arbor, USA), and were carefully examined at the loca-
tion where resistance mutations have been reported.
Sequences generated in this study were deposited
in the GenBank database with the accession num-
bers: JQ624635-)Q624655. Neuraminidase sequences
carrying the NA H275Y mutation are represented by
GenBank accession numbers JQ624645-)Q624648 and
JQ624650, while their correspondent HA sequences
accession numbers are JQ624635-)Q624639. Near

Influenza A(HIN1)pdmO09 viral sequences from Newcastle, Australia, 2011, retrieved from Global Initiative on Sharing All
Influenza Data, and used for the phylogenetic analysis in this study

SegmentID  Segment Country Collection date Isolate name Dt Susin ity Authors
laboratory laboratory
EPI334766 HA Australia 2011-07-10 A/NEWCASTLE/132/2011
EPI334768 HA Australia 2011-07-11 A/NEWCASTLE/151/2011
EPI334770 HA Australia 2011-06-20 A/NEWCASTLE/17/2011
EPI334772 HA Australia 2011-05-31 A/NEWCASTLE/2/2011 World Health
EPI 80 HA Australia 2011-07-01 A/NEWCASTLE/82/2011 izati
3347 - ’ / 82/ John Hunter ggﬁgggﬁﬁn Deng YM,
EPI334782 HA Australia 2011-07-04 A/NEWCASTLE/85/2011 | Hospital, Virology Centre for g lannello P,
EPI334765 NA Australia 2011-07-11 A/NEWCASTLE/151/2011 Unit, Clinical Reference and Caldwell N,
- Microbiology Leang SK
EPI334767 NA Australia 2011-07-10 A/NEWCASTLE/132/2011 Research on
EPI334769 NA Australia 2011-07-01 A/NEWCASTLE/82/2011 Influenza
EPI334773 NA Australia 2011-06-23 A/NEWCASTLE/37/2011
EPI334781 NA Australia 2011-07-04 A/NEWCASTLE/85/2011
EPI334783 NA Australia 2011-07-04 A/NEWCASTLE/89/2011

GISAID: Global Initiative on Sharing All Influenza Data.

We gratefully acknowledge the authors, originating and submitting laboratories of the sequences from GISAID’s EpiFlu Database on which this
research is based. All submitters of data may be contacted directly via the GISAID website: www.gisaid.org.
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full-length NA and HA gene alignment was carried out
by using the Clustal W program available from bio-
manager (https://biomanager.info/); Amino acids were
numbered starting after the signal peptide (DTLC) and/
or the first methionine. Phylogenetic trees were con-
structed using the neighbour-joining distance matrix
algorithm with the Kimura 2 parameter as an evolu-
tionary model and tested using the bootstrap method
with 100 replicates. The trees were rooted with the ref-
erence strain A/California/7/2009 HA (GenBank acces-
sion number: FJ969540) and NA (GenBank accession
number: FJ984386) sequences respectively, represent-
ing earlier pandemic viral sequences. Sequences from
2009 influenza A(H1iN1)pdmog viruses for HA (GenBank
accession numbers: CYoss5700, CYos5756, CYo55534,
CYos5558 and GQ160611) and NA (GenBank accession
numbers: CYos55798, CYos5544, CYos5910, CY055678
and CYosss567) from Australia, together with 2011
influenza A(HiN1)pdmog isolates from Australia and
other parts of the world (GenBank accession numbers
for HA: JN561789, CY099996, CY092864, CY092094,
IN714527, CY092856, CY089463, and NA: JN716363,
CY092866, IN714545, CY092858, CY089465, CY111288)
were retrieved from the NCBI Influenza Virus Sequence
Database and six NA H275Y-bearing strains derived
from Newcastle, Australia were also included for com-
parison (Global Initiative on Sharing All Influenza Data
(GISAID) (www.gisaid.org) with accession numbers:
HA: EPI334766, EPI334768, EPI334770, EPI334772,
EPI334780, EPI334782 and NA: EPI334765, EPI334767,
EPI334769, EPI334773, EPI334781, EPI334783).

Results

Two of the 143 (1.4%) individuals who had not been
treated with oseltamivir had viruses containing the
NA H275Y mutation, as did three of 23 (13%) indi-
viduals post-treatment with oseltamivir. Statistical
analyses of the difference in the frequency of oseltami-
vir-resistance between treated and untreated patients,
by chi-squared test, indicated that the frequency
of oseltamivir-resistance was significantly higher
(P<0.001) in treated patients.

Full-length NA gene sequencing of two community-
derived (GenBank accession number JQ624645 and
]Q624646) and three post-treatment influenza sam-
ples (GenBank accession number JQ624647, |Q624648
and JQ624650) showing positive signal for the NA 275Y
probe further confirmed the presence of the NA H275Y
mutation in viruses that infected these five individu-
als. A comparison of full-length HA and NA sequences
derived from influenza A(HiN1)pdmog viruses carrying
NA H275Y mutation and five randomly selected wild-
type influenza A(HiN1)pdmog viruses collected dur-
ing the same time period in Sydney showed closely
related virus (99.65-100% HA nucleotide similarity
and 99.22-100% NA nucleotide similarity), although
two additional NA amino acid substitutions, NA V83A,
and NA E128G, were observed from two distinct strains
(GenBank accession number: JQ624645 and JQ624650)
(Figure 1A) in the NA H275Y-bearing influenza A(H1N1)
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FIGURE 1

Alignments of haemagglutinin (n=10) and neuraminidase
(n=10) amino acid sequences from influenza A(HIN1)
pdmo09 viruses in Sydney, Australia, in 2011, to respective
haemagglutinin and neuraminidase consensus sequences
from influenza A(HIN1)pdmO09 viruses in Australia in
2009

A. Neuraminidase amino acid sequence alignment
Amino acid
number?
CON_NA2009:
1Q624645:
]Q624646:
1Q624647:
]Q624648:
JQ624650:
1Q624649:
JQ624651:
]Q624652:
1Q624653:
1Q624654:

62 83 128 241 275 369 386
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nw n nu n n .

B. Haemagglutinin amino acid sequence alignment

Amino acid number® 129 154 160 202 214 391 468

Antigenic site M2 137 143 185

-
Ne)
~

374 451

number®

CON_HA2009: E P S S A E S
]Q624635: K G T T K N
]Q624636: . . G T T K N
]Q624637: K H G T T K N
]Q624638: K G T T K N
JQ624639: K G T T K N
JQ624641: K G T T K N
JQ624642: K G T T K N
1Q624643: K G T T K N
1Q624644: G T T K N
JQ624655: K G T T K N

CON_HA2009: consensus haemagglutinin amino acid sequence
of influenza A(H1iN1)pdmog viruses in 2009; CON_NA2009:
consensus neuraminidase amino acid sequence of influenza
A(HiN1)pdmog viruses in 2009.

In each of the alignments in panel A and B, a dot indicates
an amino acid identical to the respective 2009 consensus
sequence. Except for the consensus sequences, the Genbank
database accession number figures for each sequence.

2 The amino acid numbering starts at the first methionine.

® The antigenic site amino acid numbering starts after the signal
peptide.
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FIGURE 2
Phylogenetic analysis of (A) haemagglutinin and (B) neuraminidase genes nucleotide sequences from influenza A(HIN1)
pdm09 viruses isolated in Sydney, Australia, 2011

A. Haemagglutinin
A [Californiajo7/2009_F) 969540
YiA/Auslralia/11/2009_CYo55558
A/Brisbane/17/2009_GQ160611 Influenza
A/Australia/36/2009_CYo55700 A,(HlNl)pdmOQ
4?‘:A/Australia/45/20097CY055756 VIruses. from 2009,
Australia
A /A ustralia/7 2009_CY 055534
A /China/Suzhou-80/2011_JN561789
A Rio Grande do Sul/277/2011_CY 099996 Influenza
s A/Sydney/DD3-59/2011_CY092864 A(HiN1)pdmog
j—‘—'7A/Georgia/NHRCoom/zou_CYogzgoz. viruses isolated
93 A/Moscow oblast/CRIE-LNR/2011_JN714527 worldwide during
A/Sydney/DD3-58/2011_CY092856 2011
84 Q%A/Thailand/CU—H2911/2011,CY089463
> A/Sydney/JP12Y/2011_JQ624636 *
LCA /Sydney/0G1/2011_) Q624644
100 A/Newcastle/17/2011_EPI33477083
83 | A/Newcastle/2/2011_EPI334772 Influenza A(H1N1)pdm09
A/Newcastle/85/2011_EPI334782 viruses from Newcastle ,

Y A— 6 . ;
4 A/Newcastle/82/2011_EPI334780 Austra.lla, 2011 with NA H275Y
mutation

A/Newcastle/151/2011_EPI334768

A/Newcastle/132/2011_EPI334766

74 | |A/Sydney/PM1/2011_JQ624655

A/Sydney/CH2/2011_JQ624637 *

A/Sydney fo794/2011_JQ6 24635 X

77A/Sydney/CB1/2o11JQ624638 *
A/Sydney/CB2/2011_JQ624639 *

A/Sydney/HC1/2011_JQ624641

A/Sydney/IM1/2011_JQ624642

A/Sydney/RB1/2011_]JQ626643

B. Neuraminidase \ ooo

A [California/o7 /2009_F ) 984386

4{7A /A ustralia/g/2009_CY 055544
A/Australia/54/2009_CY055798 Influenza

A/Australia/73/2009_CYo055910 A_(HlNl)pdm09
viruses from 2009,
A/Australia/31/2009_CYo055678 Australia

rfA/Australia/12/2009_CYos55567

A/Suzhou/S23/2011_JN716363
A/Sydney/PM1/2011_JQ624654
A/Sydney/DD / CY092866 Influenza
ne -59/2011_CY092
4 yaney/bhs59 109 A(H1iN1)pdmog
99 A/Moscow oblast/CRIE-131/2011_JN714545 viruses isolated
A/Sydney/DD3-58/2011_CY092858 worldwide during 2011
L i A/Thailand/CU-H2911/2011_CY089465
73 A/Boston/DOA40/2011_CY111288
A/Sydney/CH2/2011_JQ624648 %
A/Newcastle/37/2011_EPI334773 Influenza
2 15 A/Newcastle/132/2011_EPI334767 A(H1iN1)pdmog
A/Newcastle/151/2011_EPI334765 viruses from
A/N tle/82/ EPI33476 Newcastle,
ewcastie/82/2011_EHI334769 Australia, 2011
90 A/Newcastle/85/2011_EPI334781 with NA H275Y
A/Newcastle/89/2011_EPI334783 mutation

A/Sydney 0794/2011_]Q6 24645 *

A/Sydney/CB2/2011_JQ624647 ¥
A/Sydney/CB1/2011_JQ624646 X
A/Sydney/JP12Y/2011_JQ624650 ¥
A/Sydney/IM1/2011_JQ624653
A/Sydney/RB1/2011_]Q624649

A/Sydney/HC1/2011_JQ624651
A /Sydney/0G1/2011_] Q624652

GISAID: Global Initiative on Sharing All Influenza Data; NA: Neuraminidase.

Nucleotide sequences from influenza A(H1iN1)pdmog viruses isolated in Sydney, Australia, 2011 were compared against influenza A(HiN1)pdmog viruses sequences from
Australia and other parts of the world. GenBank or GISAID accession numbers are shown. Bootstrap values figure on the branches adjacent to the tree nodes. The 2011
influenza A(HiN1)pdmog virus sequences from GenBank are highlighted by vertical lines. Sequences derived from viruses isolated in Sydney bearing the NA H275N
mutation are indicated by an asterisk.

The authors gratefully acknowledge the originating and submitting laboratories who contributed sequences used in the phylogenetic analysis to GISAID.
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pdmog virus. When compared with influenza A(H1N1)
pdmog sequences derived in 2009 during the first pan-
demic wave in Australia, the 2011 sequences showed
five additional mutations (N44S, V62l, V241l, N369K
and N386S) in NA and six additional amino acid sub-
stitutions (E130K, S160G, S202T, A214T, E391K and
S468N) in HA (Figure 1). These were commonly present
in most of the 2011 sequences and independent of their
resistance profile.

Phylogenetic analyses based on the full-length NA and
HA genes confirmed our observation that most of the
circulating influenza A(HiN1)pdmog viruses during
the 2011 season in Sydney were distinct from those
collected during the 2009 season (Figure 2). The cir-
culating influenza A(HiN1)pdmog viruses during the
2011 season in Sydney were also clearly associated
with influenza A(HiN1)pdmog viruses collected from
Newcastle, Australia at the same period when the out-
break of community transmitted oseltamivir-resistant
influenza A(H1iN1)pdmog virus had occurred. By includ-
ing six full-length HA and NA sequences characterised
by NA H275Y mutation from Newcastle [11] (Figure 2), a
close phylogeneticrelationship of viruses was observed
between Sydney and Newcastle. The presence of dif-
ferent influenza A(HiN1)pdmog viruses in 2011 was
also supported by phylogenetic analysis that included
influenza A(HiN1)pdmog viruses isolated worldwide
during 2011: these sequences (GenBank accession
numbers: JN561789, CY099996, CY092864, CY092940,
JN714527, CY092856, CY089463 for HA, and JN716363,
CY092866, JN714545, CY092858, CY089465, CY111288
for NA) formed a single cluster with our sequences
(Figure 2). Also, a close phylogenetic relationship was
observed in both NA and HA of the NA H275Y-bearing
oseltamivir-resistant influenza A(HiN1)pdmog viruses
with wild-type variants collected at same time (Figure
2). The presence of NA H275Y-bearing oseltamivir-
resistant influenza A(H1iN1)pdmog viruses at various
locations in the phylogenetic tree further confirms that
the NA H275Y viruses emerged several times in Sydney
rather than as a clonal expansion of a single resistant
mutant (Figure 2).

Discussion

Influenza A(HiN1)pdmog strains remained the pre-
dominant influenza virus circulating in the southern
hemisphere in 2011 [1]. Although oseltamivir resistance
amongst influenza A(HiN1)pdmog viruses worldwide
has been low, the recent occurrence in Newcastle,
Australia, of the first significant community outbreak
of NA H27s5Y-bearing oseltamivir resistant influenza
A(H1iN1)pdmog virus has raised concerns about trans-
mission elsewhere [11]. To determine the frequency and
the extent of the spread of these oseltamivir-resistant
influenza A(H1iN1)pdmog viruses in Sydney, Australia,
the adjacent major city and transport hub, respiratory
tract samples collected contemporaneously from influ-
enza NAT positive individuals were examined for the
presence of the NA H275Y mutation. Of 166 samples
collected from June to August 2011, 1.4% of samples
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collected from untreated patients and 13% of samples
collected after five days of oseltamivir treatment con-
tained the NA H275Y mutation. These rates approxi-
mate previous studies of oseltamivir resistance in
influenza A(H1N1)pdmog viruses [3,5,9], although more
viral strains would need to be analysed before this
conclusion could be confirmed. It is worth noting that
the frequency of oseltamivir-resistance is significantly
higher (P<o.001) for treated rather than untreated
patients, confirming that resistance usually emerges in
response to antiviral drug selection pressure. As only
1.4% of untreated patients carried oseltamivir resist-
ance, there is no convincing evidence of significant
community transmission of NA H275Y-bearing influ-
enza A(HiN1)pdmog virus within Sydney at the same
time or following the Newcastle outbreak. Geography
and the high degree of population travel between
these two cities highlights that rapid responses and
testing of large numbers of viruses is important follow-
ing the first identification of clusters of resistance to
determine if community transmission is occurring.

Genetic characterisation of influenza A(HiN1)pdmog
viral strains derived from Sydney suggested close
relatedness of viruses isolated in 2011, regardless of
their resistance profile. This relationship, evidenced
by sharing of signature changes different to 2009 vari-
ants, provides evidence of continued viral evolution
as well as suggesting recent emergence and limited
spread of oseltamivir-resistant variants. This evolu-
tionary process of influenza A(HiN1)pdmog virus after
its introduction to human population and its impact on
the effectiveness of current vaccine remains to be clari-
fied. The presence of additional amino acid substitu-
tions in two of the NA H275Y-bearing strains’ NA genes
also raise the possibility that these changes may be
needed for oseltamivir-resistant influenza A(H1N1)
pdmog virus to sustain its replication and transmis-
sibility. Whether the changes are as important as the
NA R222Q and NA V234M substitutions in the pre-
2009 oseltamivir-resistant seasonal influenza A(H1N1)
viruses that are required for sustained transmissibility
remains to be investigated [15]. The close association
between NA H27s5Y-bearing influenza A(H1iN1)pdmog
viruses from Sydney and Newcastle support the pos-
sibility of further spread of such variants although
simultaneous local emergence of such variants cannot
be fully excluded. In the current situation, prudent use
of the neuraminidase inhibitors remains necessary, as
does continued monitoring for drug-resistant influenza
viruses.
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This article describes the data obtained by the
Portuguese Laboratory Network, reactivated follow-
ing the World Health Organization declaration of the
2009 influenza pandemic, on the diagnoses of influ-
enza A(HiN1)pdmog infection during the pandemic
(2009/10) and post-pandemic (2010/11) influenza sea-
sons. The laboratories analysed and reported cases of
influenza-like illness (ILI) and severe acute respiratory
infection (SARI) to the National Influenza Reference
Laboratory, which performed more detailed antigenic
and genetic characterisation of the virus isolates.
In 2009/10, a total of 62,089 ILI cases, distributed
in two peaks, were analysed, 25,985 of which were
positive for influenza A(HiN1)pdmog. Children aged
5—14 years were the most affected. Viruses were both
antigenically and genetically similar to the pandemic
strain A/California/7/2009, included in the 2009/10
pandemic vaccine. During the post-pandemic sea-
son, 1,496 ILI cases were tested for influenza A(H1N1)
pdmog, 572 of which were positive. Infection was
mainly diagnosed in adolescent and adults. Although
the 2010/11 viruses remained antigenically similar to
A/California/7/2009, increased genetic variation was
observed. During the two seasons, two viruses with
the neuraminidase H275Y amino acid substitution,
associated with oseltamivir resistance, were detected.
The Laboratory Network made an important contribu-
tion to the description of the influenza activity in the
two seasons.

Introduction

Although epidemics of influenza occur almost every
year in temperate climates, the rates and severity of
illness can vary substantially between seasons [1].
Every winter season influenza infection is associated
with a considerable number of fatal cases especially in
elderly people with chronic diseases [2]. Recent stud-
ies from different countries, including Portugal [3,4],
estimate that 90% of excess deaths due to seasonal
influenza occur in the elderly (265 years) who are at
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higher risk due to comorbidities. In Portugal, the sea-
sons with higher excess mortality were associated with
the predominant circulation of influenza A(H3) viruses,
while predominant circulation of type B viruses had a
lower impact in mortality [4].

In March 2009 a new influenza virus circulating in
humans emerged in Mexico. The new influenza A(H1N1)
pdmog, as it was later called, started disseminating
throughout the world, giving rise to the first influenza
pandemic of the 21st century, and appears to have
been introduced in Europe by travellers returning from
Mexico and by their contacts. Following the detection
of the initial imported cases, there was a spring and
summer wave of transmission which affected several
European countries. Transmission accelerated again
after the re-opening of schools, this time affecting all
countries, and lead to an early autumn/winter wave [5].

Since 1990 and until the 2009/10 winter season, influ-
enza surveillance in Portugal had been carried out
in the context of a National Influenza Surveillance
Programme, coordinated by the National Influenza
Reference Laboratory in cooperation with the
Department of Epidemiology of the National Institute
of Health and the General-Directorate of Health [6].
Activities within the Programme included collect-
ing, analysing and reporting clinical, epidemiologi-
cal and virological data on influenza-like illness (ILI),
integrated from a sentinel network of general prac-
titioners and a non-sentinel network of emergency
units located at hospitals and health centres from the
National Health System. As it was well established, the
Programme proved essential for monitoring the pan-
demic in Portugal [7], particularly in the pre-pandemic
phases when all suspected cases were referred to ref-
erence hospitals and the laboratory analysis was car-
ried out centrally at the National Influenza Reference
Laboratory, as defined in the National Contingency
Plan for an Influenza Pandemic [8].
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After the beginning of the pandemic, and to cope with
the increasing number of diagnoses requested by the
National Health System, the Portuguese Laboratory
Network for the Diagnosis of Influenza was activated
[9]. This Network had originally been established in
2006 with eight laboratories involved [10], after the
emergence of human cases of influenza A(Hs) virus
infection, with the purpose of supporting, at the
national level, the laboratory diagnosis of infection by
a new influenza pandemic virus, but was subsequen-
tially de-activated in the absence of zoonotic transmis-
sion of new emergent influenza viruses. In May 2009,
professionals from these laboratories began training in
molecular methodologies for detection of the new influ-
enza A(HiN1)pdmog virus. In the following two months,
additional laboratories were involved and by the end
of July 2009, all 13 members of the Network were able
to perform those methods. Since then, the information
generated, particularly that concerning the detection
and molecular characterisation of influenza viruses
associated with severe disease, has been integrated
into the National Influenza Surveillance Programme
and improved the understanding of the influenza activ-
ity in Portugal.

The National Influenza Reference Laboratory, which
coordinates the Portuguese Laboratory Network for the
Diagnosis of Influenza, also analysed and confirmed
suspected cases of antiviral resistance. The major-
ity of globally circulating influenza A(HiN1)pdmog
viruses during the two seasons were still sensitive to
oseltamivir and zanamivir; oseltamivir-resistant influ-
enza A(HiN1)pdmog strains were found only sporadi-
cally and were associated with the substitution H275Y
in neuraminidase gene [11].

This study describes the influenza activity during
the 2009/10 and 2010/11 influenza seasons, based
on the information collected through the Portuguese
Laboratory Network for the Diagnosis of Influenza.

Methods

Surveillance period

The influenza period 2009/10 was epidemiologically
different from a normal influenza winter season. For
this reason, it was decided to consider as the 2009/10
pandemic season the period from week 17, 2009 to
week 20, 2010. This particular period was chosen
because the first influenza-positive case attributed
to influenza A(HiN1)pdmog infection was observed in
week 17, 2009. During the 2010/11 season the labora-
tory Network was active during the usual surveillance
period between October and May (weeks 40, 2010
through 20, 2011).

All 13 laboratories reported cases during the pandemic
2009/10 season. During the 2010/11 winter, only nine
participated in the reporting of cases with respiratory
disease.

www.eurosurveillance.org

FIGURE 1

Laboratories of the Portuguese Laboratory Network for
the Diagnosis of Influenza Infection

(1) Instituto Nacional de Saide Doutor Ricardo Jorge, I.P.; (2)
Hospital de Curry Cabral; (3) Centro Hospitalar de S. Joao,
E.P.E.; (4) Hospitais da Universidade de Coimbra, E.P.E.; (5) ARS
do Algarve, I.P. - Laboratdrio Regional de Saide Piblica Laura
Ayres; (6) Hospital Central do Funchal, E.P.E.; (7) Hospital do
Divino Espirito Santo de Ponta Delgada, E.P.E.; (8) Hospital de
Santo Espirito de Angra do Heroismo, E.P.E.; (9) Instituto de
Medicina Molecular da Faculdade de Medicina da Universidade
de Lisboa; (10) Centro Hospitalar Lisboa Norte, E.P.E.; (11) Centro
Hospitalar Lisboa Central, E.P.E.; (12) Centro Hospitalar do Porto,
E.P.E.; (13) Hospital do Espirito Santo de Evora, E.P.E.

The Portuguese Laboratory Network for

the Diagnosis of Influenza Infection

The Portuguese Laboratory Network for the Diagnosis
of Influenza Infection is currently composed of 13 labo-
ratories from reference hospitals on mainland Portugal
and the islands (Figure 1).

The main objective of this Network during the 2009/10
and 2010/11 influenza seasons was to carry out the
laboratory diagnosis of influenza A(HiN1)pdmog
infection requested by the National Health Service.
Currently, diagnostic capabilities include detection not
only of influenza A(H1iN1)pdmog virus but also influ-
enza B virus (six laboratories), influenza A(H1) and
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A(H3) seasonal viruses (four laboratories), and other
infectious agents associated with respiratory disease:
adenovirus, coronavirus, rhinovirus, respiratory syn-
cytial virus, metapneumovirus, parainfluenza virus,
Haemophilus influenzae and Streptococcus pneumo-
niae (three laboratories).

Cases and variables studied

During the two seasons, ILI cases from hospital emer-
gency units as well as from other primary healthcare
units, and hospitalised cases of severe acute respira-
tory infection (SARI), were reported through a common
Internet-based database or by an Excel spreadsheet
sent to the National Influenza Reference Laboratory.
Published case definitions were applied [12]. The
notification form included clinical and epidemiologi-
cal information, such as demographic data, signs and
symptoms, underlying conditions and information on
vaccination and antiviral therapy.

Laboratory analysis

For laboratory diagnosis and further virological char-
acterisation, nasopharyngeal swabs, or combined
nasopharyngeal/oropharyngeal swabs, were collected
into a suitable transport medium. Different real-time
RT-PCR methodologies and platforms were used within
the Network for the laboratory diagnosis of influenza
infection.

Upon request from the Network, the National Influenza
Reference Laboratory performed additional diagnoses
(typing, subtyping and lineage determination by real-
time PCR of other influenza viruses), viral isolation [13]
and antigenic and genetic characterisation of viral iso-
lates, according to the procedures adopted from the
manual for the laboratory diagnosis and virological
surveillance of influenza published by the World Health
Organisation (WHO) [1] and adapted from the United
States Centers for Disease Prevention and Control
(CDQO) [14].

Influenza virus isolates were characterised antigeni-
cally by haemagglutination inhibition tests (HAI) using
antisera and reference virus strains distributed by the
WHO Collaborating Centre in Atlanta. Selected isolates
were sent to the WHO Collaborating Centre in London
for further study. Genetic analysis of isolates was car-
ried out by sequencing the haemagglutinin (HA) gene
encoding the HA1 subunit, using primer sequences
available from CDC [14], for a subset of approximately
25% of isolates encompassing the beginning, middle
and end of each season. Sequences are available from
the GenBank database. Phylogenetic analysis was
performed with MEGA Software [15]. HA1 sequences
from reference strains used in the genetic analysis
were obtained from the EpiFlu database of the Global
Initiative on Sharing Avian Influenza Data (GISAID)
(Table 2).

The detection of antiviral resistance was performed
by phenotypical assays, such as the neuraminidase
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inhibition assay, and by neuraminidase gene sequenc-
ing [1,14].

Statistical analysis

The probability of occurrence of an influenza case in
the presence of the signs/symptoms considered for
definition of ILI was estimated by calculating the indi-
vidual crude odds ratios, and the respective 95% con-
fidence intervals, of reporting each sign/symptom in
both influenza cases (laboratory-confirmed) and ILI
cases (influenza-negative result).

Results

2009/10 season

In Portugal, a total of 62,089 ILI cases were reported
through the Laboratory Network during the 2009/10
pandemic season. Two peaks were observed, one
occurring towards the end of the summer 2009 and
another during November and December of the same
year (Figure 2).

The first case of influenza A(HiN1)pdmog infection in
Portugal was detected during week 17, 2009, when
seasonal influenza viruses, linked to the previous
winter season, were still circulating. A total of 25,985
laboratory-confirmed influenza cases were found, over
99% of which were associated with the new pandemic
strain A(HiN1)pdmog. Other influenza viruses were
also found: 190 non-subtyped influenza A viruses, 15
seasonal influenza A(H1) viruses, 10 influenza A(H3)
and 31 influenza B viruses. A first peak in influenza
cases was observed during week 33 with 1,145 influ-
enza A(HiN1)pdmog cases (45.9% of all ILI cases noti-
fied in week 33). Most of the cases during the first
wave were detected in the south of Portugal and in the
main urban areas (Lisbon and Oporto). The first wave
was followed by a second wave with cases all over the
country (mainland and islands) and with a peak dur-
ing week 46 with 3,266 influenza A(H1N1)pdmog cases
(60.2% of all ILI cases notified in week 46).

Although the majority of notifications occurred in
the population with 15 to 44 years of age (n=21,267;
34.3% of all ILI cases), the highest proportion of influ-
enza-positive results was observed in children aged
between five and 14 years (n=10,093; 38.8% of all
influenza A(H1iN1)pdmog-positive cases) (Table 2). The
lowest number of reported cases (n=1,095; 1.8%) and
influenza-positive results (n=515; 2.0%) were reported
in the elderly. The highest proportion of influenza
A(HiN1)pdmog-positive results within any one age
group (64.0%) was observed in children aged 5-14
years.

Eighty influenza strains were isolated and antigeni-
cally characterised, 43 of which were also geneti-
cally analysed (HA gene). The 8o influenza A(H1N1)
pdmog strains isolated were antigenically homoge-
neous and showed high similarity with influenza A/
California/7/2009 (strain included in the pandemic
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FIGURE 2

Figure 2. Weekly distribution of influenza-like illness and influenza A(H1N1)pdm09-positive cases, Portugal, 2009/10 and
2010/2011 seasons (n=63,585)
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TABLE 2
Distribution of influenza A(HINI)pdmO09 cases, by age group, Portugal, 2009/10 and 2010/11 seasons (n=63,585)

2009/10 2010/11
Age group
(years)

Influenza A(HiN1)pdmog
(% positive within the age group)

Influenza A(HiN1)pdmog

Number of cases? (% positive within the age group)

Number of cases

0-4 15,189 4,042 (26.6%) 192 48 (25.0%)
5-14 15,765 10,093 (64.0%) 47 19 (40.4%)
15-44 21,267 9,216 (43.3%) 637 286 (44.9%)
45-64 6,132 1,831 (29.9%) 402 173 (43.0%)
265 2,641 288 (10.9%) 207 41 (19.8%)
Information unavailable 1,095 515 (47.0%) 11 5 (45.5%)
Total 62,089 25,985 (41.9%) 1,496 572 (38.2%)

2 Although 1,512 cases were reported in 2010/11, only 1,496 were tested for influenza A(HiN1)pdmog. h.

vaccine of the season) and with the later pandemic
influenza A(HiN1) viruses A/Bayern/69/2009 and A/
Lviv/N6/2009 (data not shown).

All sequenced HA1 segments from 2009/10 isolates
were similar to influenza A/California/7/2009 (Figure
3). Compared to the vaccine strain, with the exception
of influenza A/Lisboa/31/2009 and A/Lisboa/35/20009,
all isolates contained the P83S amino acid substitu-
tion and grouped into clade 7 (5203T substitution in
the Ca antibody binding site of HA1), described in the
literature early in the pandemic [16]. Additional muta-
tions were found in the HA1 antigenic sites: Gi7oR
(A/Lisboa/65/2009), R205K  (A/Lisboa/73/2009),
D222E (observed in 18 isolated viruses) and S74G
(A/Lisboa/171/2009). The sequences are available
from GenBank with the following accession num-
bers: CYo67801, CYo67804, CYo067807, CY067810,
CYo67819, CY067822, CY067825, CY067828, CY067831,

CY067834, CY067837, CYo067840, CY067843,
CY067846, CY067849, CY067852, CY067855,
CY067858, CYo67861, CYo67864, CYo67867, CYo67870,
CYo67873, CYo067876, CYo067879, CYo067882,
CYo67885, CYo067888, CYo067891, CYo67894,
CYo67897, CYo67900, CYo67903, CYo67906,

CYo67909, CYo67912, CY067915, CY067918, CY067765,
CYo67789, CYo67792, CY067795, CY067798.

The amino acid substitution H275Y associated with
oseltamivir resistance was found in the neuraminidase
of one strain (A/Lisboa/171/2009), which was proved to
be resistant by phenotypic assays.

2010/11 season

Nine laboratories reported a total of 1,512 ILI cases,
from week 40, 2010 to week 16, 2011, with a peak of
236 cases (15.6%) observed in week 3, 2011. Influenza
A(HiN1)pdmog was tested for in 1,496 cases, 572
(38.2%) of which were positive. The peak of labora-
tory-confirmed A(HiN1)pdmog-associated cases was
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also registered in week 3 of 2011 (n=87; 37.3% of all ILI
cases notified in week 3).

The majority of notifications (n=637; 42.6% of all ILI
cases) and the higher proportion of influenza A(H1N1)
pdmog cases (n=286, 50.0% of all positive results)
occurred in the population between 15 and 44 years
of age (Table 2). The lowest number of reported cases
(n=47; 3.1%) and pandemic influenza-positive results
(n=19; 3.3%) were reported in children aged 5 to 14
years. The higher proportion of influenza A(H1N1)
pdmog-positive results within an age group was
observed in older children and adults (15-44 years:

44,.9%; 45—64 years: 43.0%).

Following a single request from the Network in that
season for additional characterisation at the National
Influenza Reference Laboratory, the HA1 nucleotide
sequence of one influenza A(HiN1)pdmog detected in a
clinical specimen was determined (Figure 3). This virus
clustered in the genetic clade of A/Astrakhan/1/2011,
one of four genetic clades circulating in Portugal dur-
ing the 2010/11 season (data not shown), and contained
the P83S, 1321V and S203T amino acid substitutions
common to all 14 viruses analysed in that season, and
the substitutions Dg7N, R205K, 1216V and V249L char-
acteristic of the A/Astrakhan/1/2011 group. This virus
also presented the H275Y mutation in the neuramini-
dase, associated with oseltamivir resistance.

From the clinical symptoms analysed, fever was the
one that revealed a higher risk of being observed in an
influenza case (crude OR: 3.3; 95% Cl: 1.3-8.0) (Table

3).

Three laboratories also performed the differential
diagnosis of respiratory infection in 284 cases, 12.7%
of which were positive for other infectious agents (one
adenovirus, three coronaviruses, one human metap-
neumovirus, 12 rhinoviruses, nine respiratory syncytial
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FIGURE 3

Maximum likelihood phylogenetic tree of HA1 nucleotide
sequences from influenza A(HIN1)pdm09 viruses,
Portugal, 2009/10 and 2010/2011 seasons (n=44).
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The 43 strains and amino acid substitutions from the 2009/10
pandemic season are represented in red. The virus detected
in a clinical specimen from the 2010/11 season is represented
in green. The other 14 viruses detected in clinical specimens,
which were circulating in Portugal during the 2010/11 season
(data from the National Influenza Surveillance Programme),
and amino acid substitutions found are represented in blue.
Reference strains (obtained from GISAID's EpiFlu database) are
in black and the vaccine strain is underlined; T indicates cases
with fatal outcome. v indicates cases vaccinated at least 14
days before onset of symptoms. Bootstrap values above 50 are
shown (500 replicates).
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virus, one H. influenzae, one S. pneumoniae and seven
mixed infections).

Discussion

Facing the circulation of a new influenza A(H1N1)pdmog
virus and the potential threat to the population and the
healthcare system, and the resulting increased aware-
ness and diagnostic requirements, the total number of
ILI cases reported and analysed in our country during
the 2009/10 winter was much higher than in previous
influenza seasons. Cases with laboratory-confirmed
diagnosis for influenza A(HiN1)pdmog increased
mainly due to wide sampling criteria and to rapid diag-
nostic tests.

Given the considerable number of diagnoses per-
formed in different settings, both in primary care
and hospitals, the Laboratory Network has made an
important contribution to improve the surveillance of
influenza activity in Portugal. Regarding the pattern
of disease, the data collected through the Laboratory
Network support the data obtained from the National
Influenza Surveillance Programme [7] and suggest
that the 2009/10 pandemic was similar to the previous
influenza season in intensity and geographical dis-
tribution. Seasonal viruses were replaced by the new
influenza A(HiN1)pdmog strain, which caused disease
particularly in young children, consistent with the data
from all European countries where children under the
age of 14 years were affected the most [5].

Using the data generated from the Laboratory Network
it was possible to better characterise the beginning of
the pandemic season, as the early cases were mainly
reported to the reference hospitals, dedicated to the
isolation of patients in an attempt to contain the virus
and contribute to the management of the infection,
as defined in the National Contingency Plan for an
Influenza Pandemic [8]. During the mitigation phase of
the pandemic, when the new pandemic strain had dis-
seminated throughout the world, both the Laboratory
Network and the National Influenza Surveillance
Programme contributed to the clinical, epidemiological
and virological characterisation of the infection.

The pandemic season was characterised by two waves,
one in the summer and another during the winter. A
very similar pattern was observed in Spain and other
European countries [5,17]. In Portugal the pandemic
influenza A(H1iN1)pdmog virus was first detected on 4
May, soon after the first case confirmed in Spain (27
April 2009) and in Europe (13 April 2009). Data from
Spain and combined data for Europe show the first peak
of influenza cases in 2009 during weeks 31 and 30, and
the second peak during weeks 47 and 46, respectively
[5,17]. The 2009 pandemic was considered a mild one
for Europe, with little impact on services outside the
health sector [5].

In the 2010/11 season, the first post-pandemic sea-
son, the number of laboratory diagnosis requests
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TABLE 3

Correlation between presence of symptoms/signs considered for clinical definition of influenza-like illness and influenza

cases, Portugal, 2009/10 and 2010/11 seasons (n=63,585)

2009/10

Sign/symptom
Positive cases (%)

OR (crude)

2010/11

Cl (95%)

Positive cases (%) OR (crude) Cl (95%)

Fever (238°C) 44.1 1.3 1.3-1.4 43.3 3.3 1.3-8.0
Cough 47.4 2.4 2.3-2.5 39.6 1.0 0.4-2.5
Sore throat 42.1 1.0 0.4-2.4 44.7 1.4 0.7-3.0
Respiratory difficulty 29.4 0.5 0.4-0.5 50.0 1.0 0.3-2.8
Contact with another influenza patient 63.6 3.6 3.1-4.1 NA NA NA
Myalgia 47.2 1.4 1.4-1.5 NA NA NA
Headache 50.4 1.8 1.8-1.9 NA NA NA
Sudden onset NA NA NA 40.0 1.1 0.6-2.3

Cl: confidence interval; NA: not applicable; OR: odds ratio.

The symptoms/signs that revealed an elevated risk of being observed in an influenza case are represented in bold. Number of ILI cases
reporting information differed for each sign/symptom; only valid records (reporting presence or absence of signs/symptoms and with a
valid laboratory result) were considered in the calculation of individual crude odds ratios. The presence of a sign/symptom is compared

between an ILI case and an influenza case.

dramatically decreased due to tighter criteria for sam-
pling, although the actual ILI incidence rates were in
the same order of magnitude as in the two previous
seasons. The highest incidence rates for the seasons
2008/09, 2009/10 and 2010/11 were 199.5, 133.7 and
121.1 cases per 100,000 inhabitants, respectively
[7]. Hence, the 41-fold difference in reporting cases
between the pandemic and post-pandemic season, as
seen in the data from the Laboratory Network, is due
to the dramatic reduction in requests for diagnostics.
The Network being a non-sentinel component of the
National Influenza Surveillance Programme and inac-
tive before the start of the 2009 pandemic, 2008/09
data for comparison are not available.

According to the National Influenza Surveillance
Programme, the influenza A (HiN1)pdmog continued
to circulate in the 2010/11 season as the predominant
virus, but co-circulating with influenza B viruses [18,19].
In Portugal, influenza B viruses were detected earlier
in that season, in contrast to what was observed in
Europe [18]. The circulation of influenza A(H1N1)pdmog
virus occurred during the expected period without off-
season peaks, but the peak of the 2010/11 season was
registered by the Laboratory Network three weeks later
than the peak observed by the sentinel surveillance
system within the National Influenza Surveillance
Programme (week 52, 2010, data not shown), which
was in agreement with what was observed in Spain
and the rest of Europe at that time [20].

The age group of 5-14 year-old children was most
affected by A(HiN1)pdmog-associated influenza in
2009/10, as was also observed in Europe [21,22].
However, in the 2010/11 season, the highest percent-
age of A(HiN1)pdmog-influenza positive cases was
found in a broader age range, from 15 to 64 years. This
was in agreement with what was observed in Austria
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and Norway, but in contrast to other European coun-
tries where the most affected age group were children
under 15 years of age [19].

In the 2009/10 pandemic season, cough and contact
with another influenza patients were strongly associ-
ated with confirmed A(H1iN1)pdmog influenza, whereas
in 2010/11, fever was the symptom that showed a
higher association with a positive case. These results
were consistent with other findings for seasonal [23]
and pandemic influenza [24], where fever and cough
were in strong association with influenza disease. This
information can be useful for an earlier and more accu-
rate diagnosis of influenza in order to maximise the
effectiveness of antiviral therapy and to avoid unnec-
essary antibiotic use [23].

During the pandemic season, a genetically similarity of
the strains in circulation with the A/California/7/2009
vaccine strain was observed. Since the 2010/11 sea-
son, increased genetic variation has occurred among
the pandemic A(HiN1)pdmog viruses circulating in
Portugal and in Europe [25]. The Portuguese viruses
clustered into four different genetic clades from the
eight genetic groups so far identified [26,27]. The
majority of them clustered in genetic group 5 repre-
sented by the A/Astrakhan/1/2011 strain.

Despite this genetic variation among the circulating
A(H1iN1)pdmog, very little antigenic drift was observed
over the two seasons, and isolates were closely related
to the strain A/California/7/2009 included in the pan-
demic vaccine of the 2009/10 season and of the sea-
sonal influenza vaccine for the 2010/11 season.

During the two winter seasons, the Laboratory Network

found two viruses with the H275Y amino acid substitu-
tion in neuraminidase that has been associated with

25



oseltamivir resistance. Globally, a limited number of
sporadic oseltamivir-resistant cases of A(HiN1)pdmog
have been reported [11,28], but the majority of circu-
lating influenza A(H1iN1)pdmog viruses were sensitive
to neuraminidase inhibitors [11]. The two Portuguese
H275Y viruses were detected in immunocompromised
patients under oseltamivir treatment: one was con-
firmed resistant to oseltamivir by phenotypic assays
(2009/10 season); the other came from a case of
severe influenza with fatal outcome (2010/11 season),
but confirmation by phenotypic assays could not be
done since the virus was not isolated. The monitoring
of antiviral resistance was, and continues to be, essen-
tial since antiviral treatment is an important tool in the
clinical management of severe or complicated influ-
enza cases [7, 11].

During 2010/11 the Network also increased the diag-
nostic capability by implementing methodologies for
the detection of other respiratory pathogens, having
found several other agents associated with ILI co-circu-
lating with influenza. This information can be a major
contribution to a better understanding of the epidemi-
ology of the disease.

Since September 2011 the Portuguese national health
authorities have been developing and implementing an
integrated surveillance system for SARI in five hospi-
tals members of the Portuguese Laboratory Network.
In the near future, this surveillance system will hope-
fully be extended to other hospitals and we expect
that the established Laboratory Network will play a
major role. Continuous laboratory participation and
further advances in diagnostic capacity are essential
to improve the surveillance of respiratory infections in
Portugal.

26

Members of the Portuguese Laboratory Network for the
Diagnosis of Influenza Infection:

Raquel Guiomar; Pedro Pechirra; Paulo Gongalves; Ana
Arraiolos; Patricia Conde; Baltazar Nunes; Eleonora Paixao;
Inés Batista; Cristina Furtado; Jorge Machado; Maria José
Silvestre; Madalena Almeida Santos, Joana Sobrinho Simées;
Maria do Rosario Costa; Joao Tiago Guimaraes; Graca Ribeiro;
Jodo Vaz; Alvaro Beleza; Roger Oliveira; Aida Fernandes; Luis
Milho; Jodo Rego; Paula Luisa Fernandes; Graga Andrade;
Luisa Mota Vieira; Rita Cabral Veloso; Jacome Bruges Armas;
Ana Rita Pimentel Couto; Rute Marcelino; Teresa Porta Nova;
José Melo Cristino; Dinah Carvalho; Carlos Ribeiro; Rosario
Barreto; Virginia Penim; Rita Corte Real; Paula Branquinho;
Lurdes Gongalves; Maria Helena Ramos; Ana Paula Castro;
Filomena Caldeira; Manuel Maurilio.

Acknowledgements

We acknowledge the authors, originating and submitting
laboratories of the sequences from GISAID’s EpiFlu Database
on which this research is based (see Table 1). All submitters
of data may be contacted directly via the GISAID website
www.gisaid.org

We acknowledge all the colleagues from the Department of
Infectious Diseases (INSA) for their contribution to the labo-
ratory diagnosis of influenza A(HiN1)pdmog virus.

We acknowledge Dr. John McCauley and his staff from the
WHO Collaborating Centre for Reference and Research on
Influenza (National Institute for Medical Research) for the
complementary antigenic analysis of our viral samples.

References

1. World Health Organisation (WHO). Manual for the laboratory
diagnosis and virological surveillance of influenza. WHO Global
Influenza Surveillance Network. Geneva: WHO; 2011. Available
from: http://www.who.int/influenza/resources/documents/
manual_diagnosis_surveillance_influenza/en/index.html

2. Zambon MC. Epidemiology and Pathogenesis of Influenza. |
Antimicrob Chemother. 1999;44, Suppl B: 3-9.

3. Thompson WW, Shay DK, Weintraub E, Brammer L, Cox
N, Anderson L), et al. Mortality associated with influenza
and Respiratory syncytial virus in the United States. JAMA.
2003;289(2): 179-86.

4. Nunes B, Viboud C, Machado A, Ringholz C, Rebelo-de-
Andrade H, Nogueira P, et al. Excess Mortality Associated with
Influenza Epidemics in Portugal, 1980 to 2004. PL0S One.
2011;6(6):e20661.

5. Amato-Gauci A, Zucs P, Snacken R, Ciancio B, Lopez V, Broberg
E, et al. Surveillance trends of the 2009 influenza A(H1N1)
pandemic in Europe. Euro Surveill. 2011;16(26):pii=19903.
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?Articleld=19903.

6. Rebelo de Andrade, H. Vigilancia epidemiol6gica da gripe
em Portugal. [Epidemiological surveillance of influenza in
Portugal]. Rev Port Clin Geral. 2005;21:379-88. Portuguese.

7. Instituto Nacional de Sadde Dr. Ricardo Jorge (INSA). A gripe
em Portugal nas épocas 2008/2009 e 2009/2010. Relatério
do Programa Nacional de Vigilancia da Gripe. [The influenza
season in Portugal in 2008/2009 and 2009/2010. Report
of the national influenza surveillance programme]. Lisbon:
INSA; 2010. Portuguese. Available from: http://www.insa.
pt/sites/INSA/Portugues/Publicacoes/Outros/Documents/
Doencaslnfecciosas/Relatorio_PNVG_2008-2010.pdf

8. Direccdo Geral da Salde. Pandemia de Gripe. Plano de
Contingéncia Nacional do Sector da Salide para a Pandemia
de Gripe. [National contingency plan for the health sector
for pandemic influenza]. 2nd ed. Lisbon: 2008. Portuguese.
Available from: http://www.dgs.pt/upload/membro.id/
ficheiros/io10835.pdf

9. Despacho n?16548/2009, de 21 Julho, Diario da Repdiblica, 22
série, N2 139: 28507. Rede de laboratdrios para o diagndstico
da infeccdo pelo virus da gripe A(HiN1)v. [Network of
laboratories for the diagnosis of infection by the influenza
virus A (HiN1)v]. Portuguese. Available from: http://www.
sg.min-saude.pt/NR/rdonlyres/134FD47F-1DF8-48DB-8912-
B64ACoF540D4/0/2850728507.pdf

www.eurosurveillance.org



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Instituto Nacional de Satde Dr. Ricardo Jorge (INSA). Gripe
Sazonal e Pandémica. [Seasonal and Pandemic influenza).
Lisbon: INSA; 2006. ISBN 978-972-8643-22-5. Portuguese.

World Health Organisation (WHO). Global Monitoring of
antiviral resistance in currently circulating human influenza
viruses. Wkly Epidemiol Rec. 2011; 86(45):497-508.

European Centre for Disease Prevention and Control (ECDC).
Overview of Surveillance Influenza 2009/2010 in EU/EEA.
Technical document. Stockholm: ECDC; 2009. Available
from: http://www.ecdc.europa.eu/en/publications/
Publications/o9o9_TED_Overview_of_Surveillance_of_
Influenza_2009-2010_in_EU-EEA.pdf

Grist NR, Ross CA, Bell EJ. Diagnostic methods in clinical
virology. 1st ed. Oxford: Blackwell Scientific Publishers; 1966.

World Health Organisation (WHO) Collaborating Centre

for influenza at CDC Atlanta, United States. Sequencing
primers and protocol. 12 May 2009 (first published 29 April
2009). Available from: http://www.who.int/csr/resources/
publications/swineflu/GenomePrimers_20090512.pdf

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar
S. MEGAs5: molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum
parsimony methods. Mol Biol Evol. 2011;28(10): 2731-9.

Nelson M, Spiro D, Wentworth D, Beck E, Fan ], Ghedin E, et al.
The early diversification of influenza A/HiN1ipdm. PLoS Curr.
2009; 1:RRN1126

Instituto de Salud Carlos Il (ISCII).. Vigilancia de la gripe en
Espafia. Evolucion de la gripe pandémica por AnH1N1. (Desde
la semana 20/2009 hasta la semana 20/2010). [Influenza
surveillance in Spain. Evolution of pandemic influenza AnH1N1.
(From week 20/2009 to week 20/2010)]. Spanish. Available
from: http://www.isciii.es/ISClIlI/es/contenidos/fd-servicios-
cientifico-tecnicos/fd-vigilancias-alertas/fd-enfermedades/
Vigilancia_de_la_gripe_en_Espana_Evolucion_de_la_
pandemia_por_AnHiN1_Temporada_2009-2010.pdf

World Health Organisation (WHO). Review of the 2010-2011
winter influenza season, northern Hemisphere. Wkly Epidemiol
Rec. 2011; 86(22):222-7.

European Centre for Disease Prevention and Control (ECDC).
Influenza Surveillance in Europe 2010-2011. Surveillance
Report. Stockholm: ECDC; 2011. Available from: http://
ecdc.europa.eu/en/publications/Publications/111209_SUR_
Influenza_surveillance_Europe%20_2010_2012.pdf.

Instituto de Salud Carlos Ill (ISCII). Vigilancia de la gripe
en Espafna. Temporada 2010-11. (Desde la semana 40/2010
hasta la semana 20/2011). [Influenza surveillance in Spain.
2010-11 season. (From week 40/2010 to week 20/2011)].
Spanish. Available from: http://vgripe.isciii.es/gripe/
documentos/20102011/InformesAnuales/Informe_GRIPE_
Temporada_2010-11_07092011.pdf

Kelly H, Cowling B. Insights from Europe related to pandemic
influenza A(HiN1)2009 have international relevance. Euro
Surveill. 2011; 16(26):pii=19899. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?Articleld=19899

Miller E, Hoschler K, Hardelid P, Stanford E, Andrews N,
Zambon M. Incidence of 2009 pandemic influenza A HiN1
infection in England: a cross-sectional serological study.
Lancet. 2010;375(9720): 1100-8.

Monto AS, Gravenstein S, Elliott M, Colopy M, Schweinle J.
Clinical signs and symptoms predicting influenza infection.
Arch Intern Med. 2000; 160(21): 3243-7.

Lochindarat S, Bunnag T. Clinical presentations of pandemic
2009 influenza A (H1N1) virus infection in hospitalized Thai
children. ) Medl Assoc of Thai. 2011;; 94 Suppl 3:S107-12.

World Health Organisation (WHO). Recommended composition
of influenza virus vaccines for use in the 2011-2012 northern
hemisphere influenza season. Wkly Epidemiol Rec. 2011;
86(10): 86-90.

European Centre for Disease Prevention and Control (ECDC).
Influenza virus characterisation. Summary Europe, August and
September 2011. CNRL Technical document. Stockholm: ECDC;
2011. Available from: http://ecdc.europa.eu/en/publications/
Publications/1110_SUR_Influenza_virus_characterization_
August_September%202011.pdf

European Centre for Disease Prevention and Control (ECDC).
Influenza virus characterisation. Summary Europe, March
2012. CNRL Technical document. . Stockholm: ECDC; 2012.
Available from: http://www.ecdc.europa.eu/en/publications/
Publications/1204-TED-CNRL-report.pdf

European Centre for Disease Prevention and Control (ECDC).
Oseltamivir-resistant influenza A(HiN1)2009 cluster in
Australia. September 2011. CNRL Rapid Risk Assessment.
Stockholm: ECDC; 2011. Available from: http://ecdc.europa.
eu/en/publications/Publications/110906_TER_Rapid_Risk_
Assessment_Oseltamivir-resistant%2oinfluenza%20A.pdf

www.eurosurveillance.org

27



