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The 2013/14 influenza season has started in Europe.
Four countries have reported medium intensity influ-
enza activity, with children under 15 years being the
most affected age group. A growing number of coun-
tries see increasing rates of influenza-like illness or
acute respiratory infection and increasing proportions
of specimens positive for influenza A(H1)pdmog virus.
In previous seasons, this subtype was associated with
higher reported numbers of severe and fatal cases.
Clinicians should offer influenza vaccination to unvac-
cinated persons belonging to risk groups.

We present an early descriptive analysis of the epide-
miology and virology of the 2013/14 influenza season
in Europe, following its recent start in some southern
parts. We summarise current knowledge on the inten-
sity of influenza-like illness (ILI) or acute respiratory
infection (ARI) activity, circulating influenza viruses
and the frequency and characteristics of severe cases
for the benefit of decision-makers, public health
experts and clinicians in European countries not yet
affected by epidemic influenza this season.

Influenza causes substantial morbidity and mortality,
has pandemic potential and is therefore under con-
tinuous global surveillance. In the European Union
(EU) and European Economic Area (EEA), the European
Influenza Surveillance Network (EISN) performs influ-
enza surveillance [1,2]. Weekly epidemiological and
virological influenza data are collected from 30 EU/EAA
countries to determine the start, end, magnitude and
severity of the season as well as the dominant circulat-
ing influenza viruses. Data collected include sentinel
primary care consultations for ILI or ARI [3], the num-
ber of tested and influenza virus-positive specimens
of sentinel patients, the results of typing, subtyping
and antigenic and genetic characterisation of circulat-
ing influenza viruses [4,5]. In addition, 11 countries
(Austria, Finland, France, Ireland, Malta, Portugal,
Romania, Slovakia, Spain, Sweden and the United
Kingdom (UK)) report hospitalised cases or severe
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acute respiratory infection (SARI) with laboratory-con-
firmed influenza, including cases with fatal outcome.

Epidemiological situation in

primary healthcare

In the first three weeks of 2014 (week 1 started on
30 December 2013), both the ILI/ARI rates (humber of
cases per 100,000 population) and the percentage of
influenza virus-positive sentinel specimens increased
in 12 countries. Spain has reported medium intensity of
influenza activity since week 1/2014, Bulgaria, Greece
and Portugal since week 2/2014 (Table). Portugal and
Spain have also indicated widespread geographi-
cal transmission. Indicators of influenza activity are
described in [6].

In Bulgaria and Spain, ARl and ILI rates, respectively,
in 2013/14 have exceeded those of the corresponding
period (the first weeks after the start) of the 2012/13
season, but are comparable to the 2011/12 sea-
son, which were dominated by influenza B and A(H3)
respectively. They have exceeded the rates in 2010/11
in Spain, but not in Bulgaria, when influenza A(H1)
pdmog accounted for the majority of circulating influ-
enza viruses.

In Bulgaria and Spain, where ARI or ILI data from sen-
tinel primary healthcare providers are reported by age
group, children under 15 years of age have to date been
affected the most (Figure 1). In Portugal, similar rates
have been reported for people aged 5-14 years and
those aged 15-64 years (Figure 1).

Virological situation in primary healthcare

The proportion of influenza virus-positive sentinel sam-
ples across Europe has increased steadily, from 4% in
week 49/2013 to 34% in week 2/2014 (Figure 2). Since
week 40/2013, 97% of sentinel specimens have tested
positive for influenza type A virus and 3% for type B.
Among subtyped influenza A viruses, A(H1)pdmog and
A(H3) were detected in almost equal proportions in
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TABLE

Reported influenza intensity and dominant circulating influenza virus (sub)type (260% of (sub)type detections) by week,
EU/EEA, weeks 40/2013-3/2014

Country Week number, 2013 Week number, 2014

40 41 42 43 44 45 46 47 48 49 1 2 3
Austria
Belgium A
Bulgaria - p/-(\j(rl;]lz))9 _
Croatia
Cyprus
Czech Republic
Denmark A A A A
Estonia
Finland A
France A A A A
Germany
Greece p/-(\j(rﬂtij)9 _
Hungary
Iceland
Ireland A
Italy A(H3N2) | A(H3N2) | A(H3N2) | A(H3N2) A(H3N2) | A A
Latvia
Lithuania
Luxembourg
Malta A
Netherlands
Norway A A A A A A A A
Poland
Portugal A A _
Romania
Slovakia
Slovenia A(H3)
g e || [
Sweden pl;\i(nl:: ;)9 p/;\:l(nl;l ;)9 p/;\:l(rzl ;)9 pe:i(nl:: 10)9 p'?i(rzl :))9
UK (England)
UK (Northern
Ireland)
UK (Scotland) p"‘\j(rl;ll(l))9 pﬁ(ﬁi)g p:‘(\j(rl;ll(i))9
UK (Wales) B AS(":I;)& A A

EEA: European Economic Area; EU: European Union; UK: United Kingdom.

Influenza intensity reported by country

low intensity
I medium intensity
[ noreport
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FIGURE 1

Influenza-like illness or acute respiratory infection rates® by age group, Bulgaria, Spain and Portugal®, over the last three

influenza seasons (weeks 40/2011-3/2014)
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ARI: acute respiratory infection; ILI: influenza-like illness.

2 Number of cases per 100,000 population.
® As of week 3/2014, the most affected countries of the 2013/14 season.
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FIGURE 2

Number and percentage of influenza virus-positive sentinel specimens by (sub)type and week, EU/EEA, weeks

40/2013-3/2014
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week 1/2014; in weeks 2 and 3, the proportion of A(H1)
pdmog increased to 61% (Figure 2).

Based on specimens from sentinel and non-sentinel
(e.g. specimens collected for diagnostic purposes in
hospitals) sources, a total of 16 countries reported
influenza A as the dominant circulating virus type at
least for one week this season (Table). In week 3/2014,
six countries (Bulgaria, Greece, Portugal, Spain,
Sweden and the UK (Scotland) reported A(H1)pdmog
as dominant while Slovenia reported A(H3). The char-
acterisation of the circulating viruses reported to date
indicates a match with the current seasonal vaccine
strains [7].

Epidemiological situation in hospitals

Since week 40/2013, France, Ireland, Romania, Spain,
Sweden and the UK have reported a total of 409 cases
admitted to intensive-care units (ICUs) with laboratory-
confirmed influenza. These cases have mostly been
40-64 years of age and associated with influenza
A(H1)pdmog virus infection (Figure 3). The number of
ICU cases reported from Spain during the beginning of
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this season has exceeded the numbers seen during the
two previous seasons, but is lower than in the A(H1)
pdmog-dominated season 2010/11 (in 2010/2011, there
was a total of 596 cases in ICUs; in 2011/12, n=201; in
2012/13, N=202; in 2013/14, N=214).

France and Spain have reported 33 fatal cases in
2013/14, all due to influenza A virus infection. Of these,
19 were associated with A(H1)pdmog infection, six with
influenza A(H3) and in eight cases, only type A influ-
enza was identified. Of the 19 cases with A(H1)pdmog,
seven were between 40 and 64 years of age and nine
were at least 65 years-old. Underlying risk factors for
these cases are not systematically reported.

To date, of the 33 deaths this season, 29 have been
reported from Spain, more than in the two previous
seasons for the same period, but comparable to the
2010/11 season when 28 deaths were reported within
the first three weeks of the season.



FIGURE 3

Laboratory-confirmed influenza cases admitted to intensive-care units, by age group and virus (sub)type, France, Ireland,
Romania, Spain, Sweden and the United Kingdom, weeks 40/2013-3/2014 (n=409)
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Discussion and recommendation

Influenza epidemics occur in Europe every winter, with
their severity varying from one season to another. This
can probably be largely explained by different circu-
lating virus types and subtypes [8,9]. The 2013/14
influenza season, which still mostly affects southern
Europe, has to date been characterised by an increas-
ing proportion of the A(H1)pdmog subtype, which now
accounts for the majority of detected viruses, although
A(H3) is co-circulating. As it is still early in the influenza
season in Europe and many of the detected viruses
have not yet been subtyped or further characterised,
it may be too early to state anything definitive about
the dominant subtype for this season. To date, influ-
enza A(H1)pdmog subtype appears to be associated
with a higher number of ICU and fatal cases compared
with the last two seasons, which were dominated by
influenza A(H3) and type B viruses. Although ILI and
ARI notification rates have been highest in the two
youngest age groups (0-4 years and 5—14 years), most
severe and fatal cases have been older than 40 years of
age, which has been shown previously for A(H1))pdmog
infection [10]. This is only partly in line with current
experience in the United States, where clinicians have
recently been alerted about high numbers of severe

cases reported this season, especially in young and
middle-aged adults, due to circulation of influenza
A(H1)pdmog virus [11]. The European surveillance data
collected during the first few weeks of the 2013/14 sea-
son provide no evidence of any similar excess numbers
of severe influenza cases, but are comparable to the
situation in the 2010/11 season. The data are, however,
limited by the early time point in the season and the
fact that only a few countries have reported influenza
activity.

After influenza pandemics, seasonal excess mortality
due to pneumonia and influenza or due to any cause
is known to decrease over time, but remains at a rel-
atively high level in subsequent years [12]. Similar to
the situation in the United States, the influenza A(H1)
pdmog virus has continued to circulate in Europe after
the 2009/10 pandemic [13]. Serological surveys have
shown varying degrees of immunity against A(H1)
pdmog in different parts of the world and in different
age groups: formerly unexposed parts of the European
population can be expected to remain susceptible
[14,15]. Only very little information is available about
waning immunity and subsequent infection of people
previously exposed to influenza A(H1)pdmog virus.

www.eurosurveillance.org



On the basis of annual seroepidemiological stud-
ies conducted in Norway, it seems there is no waning
immunity yet against A(H1)pdmog virus, but rather an
increased proportion of the population protected in all
age groups [16]. As the 2013/14 influenza season in
Europe has only just started, individuals belonging to
risk groups, for whom influenza vaccination is recom-
mended [17], can and should still be offered this sea-
son’s influenza vaccine.
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We present two cases of imported Zika fever to Japan,
in travellers returning from French Polynesia, where
an outbreak due to Zika virus (ZIKV) is ongoing since
week 41 of 2013. This report serves to raise awareness
among healthcare professionals, that the differential
diagnosis of febrile and subfebrile patients with rash
should include ZIKV infection, especially in patients
returning from areas affected by this virus.

We report two cases of Zika fever in Japan, which were
imported from French Polynesia, where on 6 November
2013 public health authorities reported an outbreak of
subfebrile illness with rash due to Zika virus (ZIKV).
The epidemic started spreading across the archipelago
beginning in week 41 of 2013 [1]. During weeks 42 to
52, the syndromic surveillance network reported 6,630
suspected ZIKV infection cases to the Bureau de Veille
Sanitaire. About 500 of these cases were tested at the
Institute Louis Malarde laboratory in Papeete for con-
firmation; 333 were confirmed by real-time reverse
transcription-polymerase chain reaction (RT-PCR) as
ZIKV infections [2]. The outbreak is currently ongoing
and as of 13 January 2014, 361 laboratory-confirmed

FIGURE 1

Conjunctivitis in a case of imported Zika virus infection
from French Polynesia, Japan, January 2014

Although the patient was afebrile upon examination, both bulbar
conjunctivas appeared congested.

Article submitted on 19 January 2014 / published on 30 January 2014

cases have been reported [3]. Symptoms of most ZIKV
infection cases are mild and self-limited (mean dura-
tion of symptoms is 3-6 days). No hospitalisations for
acute infection have been reported.

Case 1

A previously healthy Japanese man in his mid-20s pre-
sented to our hospital in mid-December 2013 after four
days of fever (self-reported), headache, and arthral-
gia and one day of rash. He had visited Bora Bora in
French Polynesia, in the first week of December 2013
for six days for sightseeing with his partner. He did not
use insect repellent during the trip. Upon examination,
his body temperature was 37.2°C (99°F) and he had
maculopapular rash on his face, trunk, and extremi-
ties. Other clinical examination results were normal.
Laboratory tests revealed leucopenia (3,300 x10°/L;
norm: 3,500-8,500x10°/L) and thrombocytopenia
(14,900%x10° /L; norm: 15,000-35,000x10° /L). ZIKV
RNA was detected in serum using real-time RT-PCR per-
formed at the National Institute of Infectious Diseases
in Japan with primer-probe sets previously described
[4]; thus, we diagnosed the patient with Zika fever. His
fever and other symptoms subsided a day after first
presentation and his rash disappeared over the next
few days.

Case 2

A previously healthy Japanese woman in her early 30s
presented to our hospital in the beginning of January
2014 for retro-orbital pain, slight fever (self-reported),
rash, and itches. Her retro-orbital pain and mild fever
had appeared five days prior to her visit at our hos-
pital, while the rash and itches appeared on the day
before the visit. She had travelled to Bora Bora where
she stayed for 10 days starting mid-December 2013
for sightseeing with a companion. The first symp-
toms occurred six days after this journey. She had
used insect repellent during her travels, but reported
mosquito bites. She was afebrile and in good general
condition at the first presentation to the hospital.
On examination, both bulbar conjunctivas appeared

www.eurosurveillance.org



FIGURE 2

Maculopapular rash on the back in a case of imported
Zika virus infection from French Polynesia, Japan,
January 2014

congested (Figure 1). She had maculopapular rash on
her face, trunk, and extremities (Figure 2).

Laboratory tests on the day of first presentation
at the hospital revealed leucopenia (3,500x10%/L;
norm: 3,500-8,500x10°/L) and thrombocytopenia
(14,400x10¢/L; norm: 15,000-35,000x10°%/L). Real-time
RT-PCR assays, performed at the National Institute of
Infectious Diseases, gave negative results for ZIKV
RNA in serum but presence of the virus was detected
in urine. The patient was diagnosed with Zika fever.
Her leucocyte and platelet levels returned to the nor-
mal range 12 days after first presentation at the hos-
pital. The positive versus negative ratios (P/N ratio)
of Zika-specific IgM antibodies were positive in two
serum samples collected on the first day at the hospi-
tal and five days later (P/N ratios = 2.4 and 9.8, respec-
tively; ratios were considered positive when greater
than or equal to 2.0). The neutralising antibody titres
of the serum in these two consecutive samples were
PRNT,,=1:20 and PRNT,,=1:1,280, respectively.

Background

Zika fever is a febrile or subfebrile illness caused
by ZIKV, which mainly spreads through the bite of
infected mosquitoes. ZIKV is a member of the family
Flaviviridae, which includes dengue viruses, West Nile,
and yellow fever viruses [5]. The most common symp-
toms reported in confirmed ZIKV infections are fever,
headache, malaise, maculopapular rash, fatigue or
myalgia, and arthritis and arthralgia [6].

ZIKV was first isolated from the blood of a sentinel

rhesus monkey from the Zika Forest in Uganda [7].
Serological studies and isolation of ZIKV strains have
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subsequently demonstrated that the virus has a wide
geographical distribution, including eastern and west-
ern Africa, south and south-east Asia, and Micronesia
[8], where in 2007, an outbreak of Zika fever was
reported on Yap Island [9].

Phylogenetic analysis of the Zika virus
sequence retrieved from case 2

Phylogenetic analysis of the partial ZIKV E-protein
genome sequence (470 bp, GenBank accession number:
AB908162*) obtained from the urine sample of case 2,
shows that this sequence has 99.1% identity with the
sequence of a ZIKV strain isolated from Cambodia in
2010 (GenBank accession number: JN860885), and
97.9% identity with the sequence of a ZIKV strain iso-
lated in Yap islands in 2007 (GenBank accession num-
ber: EU545988) (Figure 3). The sequence from case 2
sample was also similar to previously identified ZIKV
sequences of strains in Asia and Micronesia [8]. In
the phylogenetic tree, these sequences formed a dis-
tinct cluster from that of sequences from Zika viruses
of African origin. Further studies using full-length
genome of the ZIKV will address the similarity between
virus strains of the African and Asian clusters.

Discussion and conclusion

Our two cases are among the first imported cases
found linked to the recent outbreak in French Polynesia
starting in 2013. They occur shortly after 26 imported
cases into New Caledonia from the same outbreak, as
well as the report of one indigenous case [10]. Aside
from cases related to French Polynesia, imported Zika
fever cases have been previously identified in travel-
lers returning from Africa and south-east Asia. These
include a case of sexually transmitted Zika fever fol-
lowing two imported cases from Senegal into the
United States, and an imported case of Zika fever from
Indonesia to Australia [11,12]. Two imported cases from
Thailand, one to Canada [13] and one to Germany [14]
have also recently been reported.

Although the numbers of imported cases described
so far are limited, the possibilities of ZIKV infections
to be underdiagnosed and underreported are high due
to generally mild symptoms and self-limited disease.
Additionally, due to the similarity of ZIKV disease
symptoms to those of dengue and chikungunya, dif-
ferential diagnosis is required to define the extent of
ZIKV epidemic. Importantly, as dengue virus (DENV)
outbreaks also occur in French Polynesia [2], differen-
tial diagnosis between ZIKV infection and dengue is
required in cases related to this area. Because of the
ongoing dengue epidemic in Bora Bora, DENV infection
was excluded in both cases in this study, by confirming
that the serum samples were negative for both dengue
virus nonstructural glycoprotein-1 (NS1) antigen and
IgM/IgG antibodies, using rapid diagnostic kits (SD
Bioline Dengue Duo Combo, Alere Medical, Inc.).

In this study, the two cases of ZIKV infection had not
only leucopenia but also mild thrombocytopenia.



FIGURE 3

Phylogenetic analysis of a Zika virus sequence derived from a case of imported Zika virus infection from French Polynesia,

Japan, January 2014
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Previous investigators reported leucopenia, but not
thrombocytopenia in patients with ZIKV infection [12].
Our two cases suggest that ZIKV infection can be asso-
ciated with clinical features including thrombocytope-
nia and leucopenia, and shares similar clinical features
to those of dengue fever and yellow fever.

In the second case identified in this study, viral RNA
was negative in the serum sample but was positive in
the urine sample. To our knowledge, this is the first
case diagnosed by detection of Zika viral particles in
urine. Detection of DENV genome in urine after disap-
pearance of the viral genome in serum samples by real-
time RT-PCR has been a useful laboratory diagnostic
method [15]. Our case suggests that detection of Zika
virus genome in urine by real-time RT-PCR is useful to
confirm ZIKV infection, particularly after disappear-
ance of viraemia in serum.

Phylogenetic analysis revealed that the ZIKV genome
sequences of case 2, had a high sequence homology
with recent strains from Asia and Micronesia, includ-
ing those detected in Cambodia in 2010, but sequence
homology was low with a strain isolated in 1947, the
Ugandan prototype MR766 strain [4].

The ongoing ZIKV outbreaks in French Polynesia and
the confirmation of ZIKV viraemic travellers in our
study suggests that in addition to enhanced and con-
tinued surveillance efforts, awareness among health-
care professionals should be raised that ZIKV infection
ought to be considered as differential diagnosis in
febrile patients with rash returning from areas affected
by this virus. Further prevention measures, such as
offering advice on the use of insect repellents during
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travel to regions with outbreaks, would be important
for ZIKV disease control.
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* Erratum:

The title of this manuscript was initially wrong at the time of

publication: ‘Two cases of Zika fever imported from French
Polynesia to Japan, December to January 2013’. The mistake
was corrected on 31 January 2014.
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In November 2013, an acute Zika virus (ZIKV) infec-
tion was diagnosed in a German traveller returning
from Thailand. The patient reported a clinical picture
resembling dengue fever. Serological investigations
revealed anti-ZIKV-IgM and -IgG, as well as ZIKV-
specific neutralising antibodies in the patient’s blood.
In Europe, viraemic travellers may become a source of
local transmission of ZIKV, because Aedes albopictus
(Skuse) and Ae. aegypti (Linnaeus) are invasive mos-
quitoes and competent vectors for ZIKV.

We report the clinical and laboratory findings of a
Zika virus (ZIKV) infection imported into Europe by a
German traveller from Thailand, in winter of 2013.

Case description

A previously healthy German traveller in his early
50s was seen at a tertiary hospital, Germany, on 22
November 2013, after returning from a vacation in
Thailand. During the patient’s three-week round trip
(in early November) which included visits to Phuket,
Krabi, Ko Jum, and Ko Lanta, he developed joint pain
and swelling of his left ankle and foot on 12 days after
entering the country. Pain and swelling was followed
by a maculopapular rash on his back and chest that
later spread to the face, arms, and legs over a period
of four days before fading. Concomitantly, the patient
suffered from malaise, fever (self-reported), and chills.
Fever and shivering were treated by self-medication
with non-steroidal anti-inflammatory drugs and only
lasted for one day. The patient had noted several mos-
quito bites previously, despite using insect repellents
regularly. He had sought pre-travel advice and his
travel partner did not have any symptoms and also did
not develop any.

Upon return to Germany, the patient was asymptomatic
except for the subjective complaint of ongoing exhaus-
tion. Physical examination was normal and no particu-
lar treatment was initiated. Laboratory parameters 10
days after disease onset revealed a slightly increased
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C-reactive protein level (5.9 mg/L; normal value <5.0),
a normal leucocyte count of 8,200 g/pL (45% lympho-
cytes, 5% monocytes, and a mildly decreased rela-
tive neutrophil count of 47% (normal range: 50-75%)).
Platelet count was normal with 238,000 g/pL. Lactate
dehydrogenase levels were elevated (311 U/L; normal
<262 U/L), with an increased plasma fibrinogen con-
centration (422 mg/dL; normal range: 180-400 mg/dL)
and serum ferritin concentration (486 ng/mL; normal
range: 30-400). Serum electrophoresis, clotting tests,
kidney and liver function tests were normal except for
an increased gamma-glutamyltransferase activity of 81
U/L (normal <60 U/L).

A serum sample from the same day (10 days after symp-
tom onset) showed a positive result for anti-dengue
virus (DENV)-IgM in both the indirect immunofluores-
cence assay (IIFA), according to [1-3]) and rapid test (SD
BIOLINE Dengue Duo NS1 Ag + Ab Combo). However,
anti-DENV-IgG was not detected in either test. Testing
for DENV nonstructural protein-1 (NS1) antigen (tested
by enzyme-linked immunosorbent assay (ELISA): Bio-
Rad Platelia Dengue NS1 Ag) and rapid test (SD BIOLINE
Dengue Duo NS1 Ag + Ab Combo) were also negative.
The detection of isolated anti-DENV-IgM prompted
us to investigate a probable flavivirus etiology other
than DENV of the patient’s illness. Serological tests
for Japanese encephalitis virus (JEV), West Nile virus
(WNV), yellow fever virus (YFV), tick-borne encephali-
tis virus (TBEV), and ZIKV were performed according
to [1-3] and the IIFAs showed only positive results for
anti-ZIKV-IgM and -1gG antibodies (Table), demonstrat-
ing an acute or recent ZIKV-infection of the patient.
Serological tests for chikungunya virus (CHIKV) were
negative (Table).

ZIKV-specific real-time reverse transcription-poly-
merase chain reaction (RT-PCR) (in-house) with prim-
ers ZIKAf (5’-TGGAGATGAGTACATGTATG-3’), ZIKAr
(5’-GGTAGATGTTGTCAAGAAG-3’), probe — labeled with
6- carboxyfluorescein (FAM) and black hole quencher 1
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TABLE

Serological results of a case of Zika virus infection from Thailand imported into Germany, November 2013

Serum samples taken after symptom onset (days)

Antibody or antigen tested

31
Anti-ZIKV-1gG? 1:5,120 1:2,560 1:2,560
Anti-ZIKV-1gM? 1:10,240 1:2,560 1:320
Anti-DENV-IgG? <1:20 1:80 1:160
Anti-DENV-IgM? 1:40 <1:20 <1:20

DENV N52° (0.1 atllfi%?z::\\;eunits) (0.2 al;lsi%?:r\\;eunits) (0.1 atllfi%?z::\\;eunits)
Anti-JEV-1gG? <1:20 1:40 1:20
Anti-JEV-IgM? <1:20 <1:20 <1:20
Anti-WNV-I1gG? <1:20 1:20 1:80
Anti-WNV-1gM? <1:20 <1:20 <1:20
Anti-YFV-1gG? <1:20 <1:20 1:20
Anti-YFV-1gM2 <1:20 <1:20 <1:20
Anti-CHIKV-IgG? <1:20 <1:20 <1:20
Anti-CHIKV-IgM? <1:20 <1:20 <1:20

CHIKV: chikungunya virus; DENV: dengue virus; JEV: Japanese encephalitis virus; NS1: nonstructural protein-1; WNV: West Nile virus; YFV:

yellow fever virus; ZIKV: Zika virus.

2 Indirect immunofluorescence assay (IIFA) titres <1:20 for serum were considered negative [1-3].
® SD BIOLINE Dengue Duo NS1 Ag + Ab Combo and Bio-Rad Platelia Dengue NS1 Ag.

(BHQ-1) — ZIKAp (5>-FAM-CTGATGAAGGCCATGCACACTG-
BHQ1-37) was negative on serum. Generic flavivirus
real-time RT-PCR [4] was negative as well on serum. A
significant 5-fold anti-ZIKV-IgM titre decrease in the IIFA
was demonstrated in the third serum sample collected
67 days after disease onset (Table). The presence of
ZIKV-specific neutralising antibodies in the third serum
sample was confirmed by a virus neutralisation assay.
No laboratory investigation was conducted with the
travel partner.

Background

ZIKV is a mosquito-borne RNA virus of the Flaviviridae
family causing a dengue fever -like syndrome in
humans. The virus was first isolated in 1947 from a
febrile sentinel rhesus monkey in the Zika Forest of
Uganda [5]. ZIKV virus is thought to be maintained
in a sylvatic cycle involving non-human primates and
several Aedes species (Ae. africanus, Ae. aegypti, and
others) as mosquito vectors [6-8]. Human infection is
acquired after an infective mosquito bite in endemic
countries. However, the possibility of a secondary
sexual transmission has been reported recently [9].
The virus is endemic in Africa and south-east Asia [8],
and phylogenetic analysis suggested that African and
Asian strains emerged as two distinct lineages [10-11].
ZIKV has caused an outbreak involving 49 confirmed
and 59 probable cases on Yap Island, Federated States
of Micronesia, in 2007 [12]. This outbreak highlighted
the potential of the virus as an emerging pathogen [9],
and epidemiological and phylogenetic studies provided
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evidence that the outbreak strain has been introduced
from south-east Asia [10].

The most common signs and symptoms of ZIKV infec-
tion are rash, fever, arthralgia, myalgia, headache, and
conjunctivitis. The rash is most often maculopapular.
Occasionally, oedema, sore throat, cough, vomiting,
and loose bowels are reported [11-13]. ZIKV infec-
tion can easily be confused with dengue and might
be misdiagnosed during local dengue outbreaks [8].
ZIKV-associated illness may thus be underreported or
misdiagnosed [9].

In contrast to acute dengue cases, our patient neither
showed elevated aspartate amino transferase (AST)
or alanine amino transferase (ALT) levels, nor throm-
bocytopenia. It is unclear whether these test results
may help in differentiating ZIKV from dengue cases,
as information about laboratory data during ZIKV
infection is very scarce. An Australian case [11] did
not show thrombocytopenia or elevated liver function
tests either. It was reported recently that a low platelet
count is a key variable distinguishing between dengue
versus chikungunya [14], the latter being another mos-
quito-borne virus infection with similar clinical presen-
tation and geographical distribution. Chikungunya is
thus also an important differential diagnosis for ZIKV
disease and future studies might address this issue for
ZIKV.
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Despite the virus endemicity in many geographical
areas and its potential to cause outbreaks, imported
cases to non-endemic areas are rarely reported. In
2013, one imported case from Indonesia to Australia
and one imported case from Thailand to Canada were
diagnosed in travellers [11,15]. Also in the Australian
and Canadian cases, anti-DENV-IgM was positive and
DENV NS1 antigen testing was negative. In both cases,
ZIKV infection was diagnosed after sequencing of a
positive generic flavivirus RT-PCR amplicon. Four fur-
ther cases of imported ZIKV to temperate regions have
been reported in American scientists who had returned
from Senegal and in Japanese travellers who returned
from French Polynesia, where a ZIKV outbreak is cur-
rently ongoing [16,17]. A secondary infection in the wife
of one of the American patients was assumed to be
due to sexual contact [9]. The ZIKV outbreak in French
Polynesia so far comprises more than 361 laboratory-
confirmed cases [18]. The first indigenous infection in
New Caledonia was recently reported suggesting the
spread of ZIKV, as 26 imported cases of ZIKV infection
from French Polynesia have been observed in this ter-
ritory [19].

Conclusions

This report constitutes, to the best of our knowledge,
the first laboratory-confirmed case of a ZIKV infection
imported into Europe. The case highlights that unusual
DENV serology results might be caused by a flavivirus
different than DENV despite a similar clinical picture. A
serological study after the Yap outbreak indicated that
ZIKV-infected patients can be positive in anti-DENV-
IgM assays [20], as also experienced in our case. This
cross-reaction in the Yap outbreak was seen especially
if ZIKV was a secondary flavivirus infection. These
findings underscore the importance of a careful diag-
nostic investigation in travellers suspected with den-
gue, and the well-known serological cross-reactions in
the flavivirus group. Thus, the rate at which seemingly
imported dengue cases among travellers from endemic
areas in the recent years were actually ZIKV infections
remains a question.

In all published cases of imported ZIKV infections, in
outbreak and sporadic endemic cases, the symptoms
were dengue-like. Clinicians, virologists, and public
health authorities should thus be aware of this emerg-
ing flavivirus infection. As the local transmission of
DENV by previously introduced competent vectors in
non-endemic countries has recently been reported
from Croatia, France and Madeira [2,21,22], there might
be the risk of a similar establishment in Europe of
ZIKV, after import by viraemic travellers, in particular
in areas where ZIKV competent vectors Ae. albopictus
and Ae.aegypti are present.
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In March 2011, the German sentinel surveillance sys-
tem for influenza (Arbeitsgemeinschaft Influenza
(AGI)) was complemented by an Internet-based syndro-
mic monitoring system (GrippeWeb) for acute respira-
tory infections (ARI) and influenza-like-illness (ILI). To
assess representativeness of GrippeWeb participants,
key demographic variables and lifetime prevalence
of asthma and diabetes were compared with data
from the general population of Germany. To ‘validate’
GrippeWeb, we compared weekly ARI and medically
attended ARI (MAARI) rates, generated between weeks
35/2011 and 34/2012, with AGI MAARI rates and over-
laid GrippeWeb ILI rates with the number of positive
influenza samples obtained by the AGI. GrippeWeb
had high weekly participation rates (62% of partici-
pants reported in 290% of possible weeks). Although
it varied by age group, participants reported a mean
of between 1.3 and 6.0 ARl episodes and between 0.1
and 2.4 ILI episodes during the study year. Estimated
GrippeWeb MAARI incidence was very similar to the
AGI MAARI incidence and influenza circulation was
reflected well in the GrippeWeb ILI rates. GrippeWeb
became a reliable monitoring system shortly after
implementation, capturing the burden of ARI and ILI
at general population level. The high degree of agree-
ment between GrippeWeb’s and AGI’s MAARI data
lends support to the validity of both systems.

Introduction

In Europe, surveillance for influenza is traditionally
based on sentinel systems of primary care physicians
who collect syndromic data on patients presenting with
influenza-like illness (ILI) or acute respiratory infection
(ARI) [1]. To this end, the Working Group for Influenza
(Arbeitsgemeinschaft Influenza (AGI)) in Germany was
founded in 1992 [2]. It is the German member of the
European influenza surveillance network (EISN) coordi-
nated by the European Centre for Disease Prevention
and Control (ECDC) and the respective system of the
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World Health Organization Regional Office for Europe
(EuroFlu) [3]. While most sentinel systems in Europe
collect ILI data, the AGI collects ARI data. Because this
type of surveillance focuses on illnesses of patients
who seek healthcare, several countries have added
Internet-based monitoring systems, in which data are
collected from the population directly [4-10]. In March
2011, the Robert Koch Institute (RKI) launched an
Internet-based syndromic monitoring system for ARI
and ILl in Germany, named GrippeWeb [11]. Experiences
from similar projects in other countries have shown
that continuous participation of registered individuals
is essential for data quality [4,5,7,10,12], but some sys-
tems have reported difficulties in achieving sustained
participation [9,13]. Compared with the levels of ILI
in the sentinel systems, the rise, peak and fall of ILI
activity in the Internet-based and sentinel systems of
Belgium, the Netherlands and Portugal, respectively,
occurred at similar times [7-10]. However, a direct,
quantitative comparison of medically attended illness
rates of the two systems has not been published.
Representativeness of the Internet-based systems
has been reported to be good in terms of age and co-
morbidity [7,8], but there were difficulties in reaching
minors as well as elderly people [7-10].

GrippeWeb [14] runs throughout the year. Every per-
son residing in Germany who is at least 14 years-old
can register. Parents need to register separately,
but one parent can report for their children aged 13
years or younger. Upon registration, participants
answer 10 questions on demographic variables, life-
time physician-diagnosed chronic conditions, smok-
ing, household size, daily occupation and main mode
of transportation. Since the launch of the system in
March 2011, participants have been recruited through
paper-based or online media reports, during public
events where GrippeWeb was presented and by word
of mouth. In addition, public institutions, such as
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county health departments, were provided with leaf-
lets for further distribution to popularise GrippeWeb.
GrippeWeb is carried out according to the German leg-
islation on data protection. The GrippeWeb procedures
were approved by the German Federal Commissioner
for Data Protection and Freedom of Information.

Every Monday morning, participants receive an email
summarising the GrippeWeb results published on the
system’s website and inviting them to complete their
weekly questionnaire. In this questionnaire, partici-
pants are asked whether they have experienced the
onset of a new respiratory illness during the previous
week (Monday to Sunday). If the participant has had no
respiratory illness with new symptom onset, no further
questions need to be answered. In the alternative case,
participants are asked to report date of onset, select
symptoms from a short list (cough, sore throat, fever,
runny nose), if they have consulted a physician because
of the illness and whether they have been able to con-
tinue their usual daily occupation. Influenza vaccina-
tion is recorded weekly during the winter season as a
separate item on the questionnaire. If a participant has
missed filling in the questionnaire of a particular week,
they can report weekly answers up to the previous four
weeks. GrippeWeb defines an ARl as a subjectively
reported respiratory illness with new onset of fever
(subjective) or cough or sore throat. ILI is defined as
a subjectively reported respiratory illness with a new
onset of fever and cough or sore throat.

Individual results are fed back to each participant in
a diary function; aggregated results are published in
weekly reports on the website. To motivate partici-
pants aged 18 years or older to report as regularly as
possible, they have the option to take part in a prize
draw where a number of technical devices, such as a
notebook or digital camera, can be won. The chance of
winning can be increased by accumulating points with
every report during a one-year period between August
and July, after which winners are identified. Staff and
family of the authoring institute (RKI) are excluded
from participating in the draw.

Here we describe the characteristics of GrippeWeb and
analyse the representativeness of its participants com-
pared with the general population of Germany. We pre-
sent ARl and ILI data from the first year of GrippeWeb,
including the influenza season 2011/12, and compare
these data with those generated by the AGI.

Methods

We analysed GrippeWeb data collected from week
35/2011 to week 34/2012 (52 weeks). To calculate the
proportion of weekly reports submitted after registra-
tion, we divided the participants in two groups: (i) those
already registered at week 35/2011 (the beginning of
the analysed period); and (ii) those who registered
after the period of observation had started (for exam-
ple, in week 40/2011). To determine the denominator
of the maximum number of possible reports between
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weeks 35/2011 and 34/2012 (the end of the period of
analysis), we used as the denominator the total num-
ber of weeks between week 35/2011 and 34/2012 (first
group) or the number of weeks from the beginning of
registration until week 34/2012 (second group). For the
numerator, we calculated for both groups the number
of weekly reports submitted.

Representativeness

We calculated the proportional age distribution of
GrippeWeb participants as of week 34/2012 for six
age groups (0-4, 5-14, 15-24, 25-34, 35-59 and »59
years), in alignment with the AGI age groups, the distri-
bution by sex and the geographical distribution by fed-
eral state and compared these with the population of
Germany as of 31 December 2011 using data provided
by the German Federal Statistical Office (Destatis) [14].
In addition, we compared the age-adjusted lifetime
prevalence of asthma and diabetes among GrippeWeb
participants aged 18 years or above with those
obtained in a representative survey of the population
of Germany in 2010 (GEDA) [15,16].

Impact of the prize draw

We investigated whether participants enrolled in
the prize draw differed from those not enrolled and
whether participation in the draw skewed responses.
We compared the age and sex distribution, response
rates and ARI/ILI rates in the two groups. Because the
minimum age to take part in the prize draw was 18
years, we restricted these comparisons for participants
aged at least 18 years.

Calculation of ARI and ILI estimates

Weekly ARI/ILI rates were calculated by dividing the
number of participants with ARI/ILI in a particular
week by the total number of reporting participants in
the same week. To calculate the mean number of ARI
(IL1) during the one year study period, we used only the
cohort of participants that were registered already on
week 35/2011 and submitted a report in more than 46
(90%) of the 52 weeks in the following year. To estimate
ARI/ILI rates for the general population of Germany,
the sample was weighted according to the sex and age
distribution based on the 2011 data of DESTATIS, the
Federal Statistical Office [14]. We assigned each indi-
vidual a weight according to the following formula [9]:

Wi = Pi Germany / PiGrippeWeb

W; = weight of individual GrippeWeb participant

Pi cermany = proportion of the general population of
Germany in the same age and sex group as the indi-

vidual i

Pi crippewer = proportion of the GrippeWeb population in
the same age and sex group as the individual i;

To reduce the effect of individuals who register as a
response to an acute illness and because participants
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FIGURE 1

GrippeWeb participants (week 34/2011) and the general population of Germany (as of 31 December 2011) by federal state

(A) and age group (B), Germany
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can report up to four weeks backwards, we restricted Comparison between ARI/ILI rates in

our dataset to participants’ fifth and subsequent GrippeWeb and the sentinel system of the AGI
reports to calculate weekly ARI/ILI rates. Recurrent epi- The AGI defines ARI as a physician-diagnosed acute
sodes of ARI and ILI of a participant were only counted pharyngitis or bronchitis or pneumonia with or without
if they did not report an ARI or ILI for at least one week fever [2]. To estimate the activity of medically attended

after the last ARI/ILI.
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ARl (MAARI), the AGI calculates the incidence of ARI
in persons who consulted a physician because of it
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(MAARI incidence) [17]. The AGI complements syndro-
mic surveillance with virological data from samples
taken by a subgroup of all sentinel physicians [18].

We conducted two ‘validation’ procedures of
GrippeWeb data using AGI data. Firstly, to compare
MAARI incidence of the AGI (AGlI MAARI incidence)
with data obtained by GrippeWeb (GrippeWeb MAARI
incidence), we multiplied the weekly ARI rate with the
weekly proportion of ARI patients who had indicated
that they had consulted a physician due to their illness.
Secondly, to investigate if the influenza wave of the
2011/12 season was reflected in GrippeWeb data, we
overlaid ILI rates obtained by GrippeWeb (because ILI
is more specific for influenza than ARI) with the num-
ber of samples positive for influenza A(H3N2) and B,
the two circulating virus (sub)types in Germany during
the 2011/12 season.

Statistical analyses

Data analyses were performed using Stata version 12
(Stata Corporation, United States). For comparisons of
two proportions, we used a chi-squared test, for com-
parisons of numerical values between two groups, we
used the Mann-Whitney U test or Student’s t-test. To
compare the values of the GrippeWeb MAARI incidence
and the GrippeWeb ARI incidence, respectively, with
the AGI MAARI incidence and to compare ARI/ILI rates
in GrippeWeb participants enrolled and not enrolled in
the prize draw, we calculated the Pearson correlation
coefficient r or Spearman’s rho. To measure similarity
of pairs of time series as a function of time lag, we cal-
culated cross-correlations. All p values were calculated
using two-sided tests. P values of less than o.05 were
considered statistically significant. Weekly GrippeWeb
ARI/ILI incidences were calculated as a three-week
moving average.

Results

The number of registered participants rose from 1,385
in week 35/2011 to 3,803 in week 34/2012. The total
cohort of participants who were registered at any time
between week 35/2011 and week 34/2012 consisted of
4,102 participants. During the study period, 3,933 par-
ticipants (96%) contributed reports. The major source
that led participants to find out about GrippeWeb
was the Internet (56%, 1,616 of 2,902 who answered
the question). During the period analysed, partici-
pants contributed 125,393 reports to our dataset. For
the analysis of ARI and ILI rates, 113,919 and 115,016
reports respectively were included, after exclusion of
the first four reports submitted by participants and
after exclusion of recurrent ARl and ILI episodes from
one week to another.

During the period analysed, more than half of the par-
ticipants (2,144/4,102) reported to GrippeWeb in more
than 96% of the possible weeks, 62% (2,553/4,102) in
at least 90% and 68% (2,805/4,102) of participants
reported in at least 80%.

www.eurosurveillance.org

Representativeness

Participants from all 16 German federal states regis-
tered for GrippeWeb. While the number of GrippeWeb
participants by state correlated well overall with the
number of residents of the respective state (rho = 0.90,
p<0.001), there were differences between individual
states. GrippeWeb participants were over-represented
in several states (n=4, particularly the federal state
of Berlin), and under-represented in Bavaria, Baden-
Wiirttemberg, Lower Saxony, North Rhine-Westphalia,
Saxony and Thuringia (Figure 1A).

The age-adjusted proportion of female GrippeWeb par-
ticipants was higher than in the general population of
Germany (52% vs 51% , chi-squared test: p<0.001).

All age groups were represented in GrippeWeb.
People aged 35-59 years constituted the largest por-
tion in both GrippeWeb and the general population
of Germany (Figure 1B). The proportion of 0—-4, 5-14
and 35-59 year-old GrippeWeb participants was sig-
nificantly higher, whereas the proportion of 15—24 and
»59 year-old participants was significantly lower com-
pared with the proportions in the general population
of Germany.

The lifetime prevalence of asthma in GrippeWeb par-
ticipants aged 18 and older was lower than the lifetime
prevalence in the adult population of Germany (8.1%
vs 9.7%, chi-squared test: p<o.oo1). GrippeWeb par-
ticipants had also a lower lifetime prevalence of dia-
betes compared with that of the general population of
Germany (5.3% vs 8.8%, chi-squared test: p<0.001).

Impact of the prize draw

Among participants aged 18 and older, 80% (n=2,411)
of 3,018 participants had signed up for the prize draw.
Compared with GrippeWeb participants who had
not enrolled in the draw, those who had enrolled did
not differ by age (mean age 44.1 years vs 44.1 years,
Mann-Whitney U test: p=0.70) and sex (chi-squared
test: p=0.60). Weekly ARI and ILI rates were similar in
both groups (for ARI, r=0.90, p<0.001, 95% confidence
interval (Cl): 0.83-0.94 and for ILI, r= 0.42, p<0.002,
95% Cl: 0.17-0.62) (Figure 2A).

Regarding the reporting rate, those enrolled in the
draw reported more consistently throughout the
study period. For example, 67% (1,607/2,411) of those
enrolled vs 55% (332/607) of those not enrolled sub-
mitted at least 90% of the possible number of reports
(Figure 2B; Mann—-Whitney U test: p <0.001).

Estimates of ARI and ILI among

GrippeWeb participants

During the observed time period, estimated weekly ARI
rates ranged between 3.0% (95% Cl: 2.3-3.7) and 8.4%
(95% Cl: 6.7—10.1) for all ages, between 4.9% (95% Cl:
3.2-6.7) and 14.1% (95% Cl: 10.8-17.5) for children
(aged 14 years or younger) and between 2.7% (95% Cl:
1.9-3.5) and 8.2% (95% Cl: 6.4—10.2) for participants
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FIGURE 2

GrippeWeb participants enrolled and not enrolled in the prize draw: proportion of possible weekly reports after registration
(A) and three-week moving average of reported acute respiratory illness and influenza-like illness (B), Germany, weeks
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FIGURE 3

Three-week moving average for children <14 years, participants >14 years and all age groups measured by GrippeWeb for
acute respiratory illness (A) and influenza-like illness (B), Germany, weeks 35/2011-34/2012
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TABLE

Number of acute respiratory illness and influenza-like illness reports of GrippeWeb participants, Germany, during a one-

year period (weeks 35/2011-34/2012)

Number of ARI reports

Number of ILI reports

Age group in years?® LT i i
ge group iny participants® Mean Medlan : Mean Medlan :
(25% percentile; 75% percentile) (25% percentile; 75% percentile)

<4 38 6.0 6 (4; 8) 2.4 2(1;3)
5-14 115 3.4 3(254) 0.9 1(0; 1)
15-34 125 3.2 3(2;4) 0.5 0 (05 1)
35-59 438 2.3 2 (1;3) 0.4 o(o0;1)
260 64 1.3 1(0; 2) 0.1 o (0;0)

ARI: acute respiratory illness; ILI: influenza-like-illness.

2 Participants were included in the calculation only if they were already registered in week 35/2011 and reported to GrippeWeb a minimum 47

weeks out of the possible 52 weeks during weeks 35/2011 to 34/2012.

> One parent can report for children aged 13 years or younger.

aged »14 years (Figure 3A). ILI rates ranged between
0.5% (95% Cl: 0.2-0.8) and 1.8% (95% Cl: 1.3-2.3)
for all ages, between 1.1% (95% Cl: 0.3-2.0) and 5.8%
(95% Cl: 3.9—7.7) for children <14 years and between
0.4% (95% Cl: 0.1-0.7) and 1.3% (95% Cl: 0.7-1.9) for
participants aged »14 years (Figure 3B). Rates of ARI
and ILI reports dropped around weeks 40-42/2011,
01/2012 and 14/2012, particularly in children aged
0-14 years, coinciding with the autumn, Christmas
and Easter holiday periods. ILI rates peaked in weeks
7-9/2012 in participants aged »14 years and in week
11/2012 in children aged <14 years. In an average
week, GrippeWeb received 46 ARl and 15 ILI reports
among children (aged o-14 years) and 88 ARI and 16
ILI reports of participants aged »14 years. Mean weekly
ARI rates in children were between 1.0 and 2.7 times
higher than those in participants aged »14 years, while
the mean weekly ILI rates in children were between 2.0
and 5.4 times higher.

During the period analysed, the mean number of ARI
and ILI reports was strongly age dependent, varying
from 6.0 in children aged o-4 years to 1.3 in partici-
pants aged 60 years or older for ARI; for ILI, it varied
from 2.4 in the 0—4 year-olds to 0.1 in those aged 260
years (Table).

Overall, participants consulted a physician in 18% and
42% of reported ARl and ILI episodes, respectively, due
to their illness. After stratification by age, a physician
was consulted most frequently for children aged o-4
years (for ARI in 25% of episodes and for ILI in 49%)
and participants aged 15-34 years consulted least fre-
quently for ARI (15%) and adults aged 35-59 years least
frequently for ILI (39%).

Regarding school or work absenteeism, participants
reported in 30% of ARl and in 68% of ILI episodes that
they refrained from their usual daily activity (day care,
school, work, etc.) due to their illness.
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Comparison of GrippeWeb ARI/

ILI rates with data from the AGI

The weekly GrippeWeb ARI incidence and MAARI inci-
dence curves show the same trends as the AGI’s con-
sultation incidence curve (Figure 4). Peaks of incidence
curves occurred a little earlier for GrippeWeb ARI
(week 5/2012) and GrippeWeb MAARI (week 7/2012)
compared with AGI MAARI (week 9/2012). The weekly
GrippeWeb ARI incidences were about 4.8-10.8 times
higher than the AGI MAARI incidence. Over the whole
period analysed, the weekly GrippeWeb MAARI inci-
dences differed by a factor 0.6—1.4 from the AGI MAARI
incidences, and by a factor of only 0.9-1.4 (GrippeWeb
MAARI/AGI MAARI) when considering only weeks
6-16/2012, which were retrospectively defined by the
AGI as the time when the influenza epidemic occurred
in Germany [2] (Figure 4). The GrippeWeb ARl incidence
and MAARI incidence correlated significantly with the
AGI MAARI incidence (r = 0.80 p<0.001, 95% Cl: 0.68—
0.88 (GrippeWeb ARI) and r = 0.89, p<0.001, 95% Cl:
0.82-0.94 (GrippeWeb MAARI)). The correlation could
be improved up to 0.89 by using a lag of two weeks
for the correlation of GrippeWeb ARI incidence and AGI
MAARI incidence.

Superimposing GrippeWeb ILI rates with the number
of samples positive for influenza A(H3N2) and influ-
enza B virus identified by the AGI demonstrated that
the occurrence of the influenza wave was reflected in
the ILI rates of children, but was less obvious among
adults (Figure 5). Circulation of influenza A(H3N2) virus
reached its peak in week 9/2012, preceding that of
influenza B in week 12. During the period when influ-
enza virus circulated most, ILI rates among adults
peaked during weeks 7-9/2012, while among children
they peaked during weeks 9—12/2012.

www.eurosurveillance.org



FIGURE 4

Incidence of acute respiratory illnesses and medically attended acute respiratory illness (MAARI) measured by GrippeWeb
and MAARI incidence measured by the German sentinel surveillance system for influenza, weeks 35/2011-34/2012
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Discussion

During the one-year study period, at the start of
GrippeWeb’s existence, the system experienced a
constantly growing number of participants, with very
high weekly reporting rates throughout the year.
Participants came from all German federal states and
all age groups were represented. Signing up to the
prize draw did not seem to affect validity of reporting,
but enhanced reporting rates. Estimated GrippeWeb
MAARI incidence was in the same range as the MAARI
incidence measured by the physician-based AGI sys-
tem and influenza circulation was reflected by the
GrippeWeb ILI rates, particularly among children.

Start-up systems running with voluntary participation,
such as GrippeWeb, always need to reach a minimum
number of participants to be able to generate reason-
ably precise and reliable data [19]. During the period
analysed, we were able to almost triple the number of
GrippeWeb participants. Although statistically signifi-
cant differences of the GrippeWeb participants existed
when compared to the general population in Germany,
these may have resulted because of the large num-
bers compared. Overall, the geographical (with the
exception of Berlin in particular) and sex distribution
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of participants were reasonably similar to that of the
German population, but the age distribution could be
improved. However, while other European Internet-
based monitoring systems had reported under-repre-
sentation of children [7,8,10], the two age groups of
children in GrippeWeb (0—4 years and 5-14 years) were
not under-represented, perhaps due to the simplicity
and rapidity with which parents can report for their
children. Nevertheless, similar to other Internet-based
systems [7,8,10], the oldest age group (60 years and
above) was under-represented in GrippeWeb, probably
due to the lack of familiarity with the internet in this age
group. In 2012, only 36% of persons living in Germany
aged 65 years or older were Internet users [20]. One
practical consequence of this under-representation is
that other means of promoting the GrippeWeb system
to elderly people need to be considered. The under-
representation of the 15-24 year-old age group was
at first surprising, but might be linked to the fact that
parents can no longer report for their children when
they turn 14 years. In addition, health-related topics
might be of less interest to young people in this age
group and might result in a lower willingness to sign
up for GrippeWeb. Furthermore, this age group might
tend to prefer the use of smartphone apps and social
media such as Facebook instead of ‘classic’ Internet
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FIGURE 5

GrippeWeb influenza-like illness rates for children aged <14 years and participants aged >14 years compared with the
number of samples positive for influenza A(H3N2) and B viruses?, Germany, weeks 35/2011-34/2012
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and email communication. Unavailability of GrippeWeb
as a smartphone app and existing strict privacy regu-
lations (prohibiting a link with Facebook) might lower
the attractiveness of the system to those aged 15-24
years.

Another way to assess representativeness is to com-
pare the proportion of participants with certain chronic
diseases. We found a statistically significant difference
between the proportion of GrippeWeb participants
with asthma and diabetes compared to the proportion
in the general population of Germany, with the partici-
pants having a lower prevalence. Data of the general
population showed a negative association of diabe-
tes mellitus lifetime prevalence and level of education
[15]. Hence GrippeWeb might attract individuals with
a higher educational background, who might have a
more health-conscious behaviour and lower rates of
diabetes in turn.

It is very encouraging to observe the good adherence
of GrippeWeb participants, demonstrated by the fact
that 62% of participants reported in at least 90% of
all possible weeks during the period under study.
This rate is very high considering that other Internet-
based monitoring systems in Europe reported for the

24

2011/12 influenza season that at most 25% of partici-
pants reported at least 90% of weeks [19]. The very
high participation rate in GrippeWeb might be related
to the following: (i) the personal, individualised feed-
back that is automatically given to participants in the
form of a diary whenever they log in; (ii) the fact that
delivering the weekly report is simple and takes only
a few seconds when reporting no new onset of an ARI
and up to, at most, a couple of minutes when report-
ing a respiratory illness with new onset and answering
the related questions; and (iii) the prize draw might
have attracted individuals who would otherwise not
have participated. The way prizes are drawn (increased
chance to win with continuous participation) may have
fostered the willingness of those eligible to report
frequently.

Because of the constancy of our participants, we were
able to quantify the mean number of ARl and ILI people
in different age groups had during one year of observa-
tion. While this number may differ to a certain extent
from year to year, the magnitude and degree of dif-
ference between adults and children was interesting
and declined steadily from the very young to the very
old. Data like this are important and might be used for
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calculations of burden of disease due to respiratory
infections.

The proportion of participants sick with ARI or ILI con-
sulting a physician is also an important parameter and
we see clear differences by severity of disease (ARI
vs ILI) and age (children vs adults), with highest pro-
portions among o—4 year-olds who have ILI (49%). In
the same season, other European countries, such as
France, Italy and Belgium, reported similar proportions
between children and adults whereas the Netherlands
and the United Kingdom reported rather lower pro-
portions [21]. Data on physician consultations may be
heavily influenced by societal factors, for example, at
which point in time employees are required to present
a medical certificate when they becomeill.

Because the AGI system collects ARI data, we com-
pared them with GrippeWeb ARI data. The two case
definitions are similar: while the AGI defines an ARI as
acute onset of pharyngitis, bronchitis or pneumonia
with or without fever, an ARI in GrippeWeb is defined
as a subjectively reported new onset of a respiratory
illness with fever or cough or sore throat. It was reas-
suring that the course of GrippeWeb ARI rates was sim-
ilar in its dynamic compared with the AGI MAARI rates,
where the difference in magnitude reflects the rate at
which patients seek professional medical advice. This
concurs with the experience from other European sys-
tems [7-10]. The improved correlation coefficient (of
0.80 to 0.89, when a lag of two weeks is allowed for)
suggests that GrippeWeb ARI rates might detect sub-
stantial changes in the population perhaps one or two
weeks earlier than the AGI system.

Itis novel to compare directly and quantitatively MAARI
rates of a sentinel-based surveillance system (that of
AGI) with those estimated by an Internet-based moni-
toring system (GrippeWeb). It is remarkable that the
two, entirely independent systems with different data
sources, sampling schemes, geographical distribution
and extrapolation procedures to the whole population
agree not only in their weekly patterns throughout the
year, but also estimate very similar numerical values
(illustrated by the large correlation coefficient of 0.89).
This agreement even holds, albeit to a lesser degree,
after stratification into age groups (data not shown).
We regard this as a sort of ‘mutual validation’ of the
two systems. We were also pleased to see that the
actual influenza circulation, as measured by the viro-
logical surveillance of the AGI, was also reflected in
our ILI data. However, it also shows that syndromic data
must always be interpreted in the context of virologi-
cal surveillance. It would be even more helpful to have
virological information (on a broader range of agents)
from samples coming directly from participants in the
GrippeWeb system, for example, as done in [22].

Strengths of GrippeWeb are that the system could be

relatively easily extended or adapted according to, for
example, acute needs in an epidemic or even pandemic
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and it could include other symptoms, such as diar-
rhoea/nausea/vomiting. Data are gathered in a timely
manner: individual (not aggregated) data on demo-
graphic variables, lifestyle and underlying health con-
ditions of participants might allow the identification
of risk factors to an extent that is hardly possible by
physician-based sentinel systems. The data allow us
to assess influenza vaccination uptake and estimate
influenza vaccination effectiveness (to protect from
ILI). The costs of GrippeWeb are limited when com-
pared with those of a sentinel surveillance network:
after gathering data from further seasons, modelling
should be capable of estimating the burden of disease
in the population due to influenza (or other viruses, if
data become available).

GrippeWeb has the following limitations. Participants
are Internet-users and may have an interest in health
topics, which may result in a cohort with a behav-
iour that is more health conscious than that of the
general population. We do not believe, however, that
this specifically affects ARI and ILI rates, otherwise
the comparison with AGI data would be substantially
worse. The number of participants during the reported
period was small, resulting sometimes in very small
numbers, for example when examining age or other
strata. Lastly self-reporting may lead to a tendency to
report only when illness occurs. However, by including
data of all participants only after they have reported
four times for calculation of ARI, ILI and MAARI rates,
we have controlled for the ‘starter bias’; moreover,
because GrippeWeb participants reported very regu-
larly, we feel that it is justified to have a high degree
of confidence in the data. Nevertheless, as GrippeWeb
is a very young system, it is possible that participants’
motivation will decrease over time and participation
rate will drop.

Conclusion

Already in its second year after implementation,
GrippeWeb has become a reliable tool to estimate
ARl and ILI in the general population. It proved to be
a valuable complement to the physician-based senti-
nel system of the AGI. Both systems report their data
in parallel. The constant increase of registered par-
ticipants in GrippeWeb, adequate representativeness,
remarkably high continuity of participation and excel-
lent agreement with an independent data source (AGI)
provide good and an increasing amount of data. The
inclusion of an incentive system for regular participa-
tion has shown to be effective. Future strategic steps
include a further increase of GrippeWeb subscribers
and the collection of samples directly from GrippeWeb
participants, for example, by using a self-swabbing
approach.
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Following human infections with novel avian influ-
enza A(H7Ng) viruses in China, the European Centre
for Disease Prevention and Control, the World Health
Organization (WHO) Regional Office for Europe and
the European Reference Laboratory Network for
Human Influenza (ERLI-Net) rapidly posted relevant
information, including real-time RT-PCR protocols.
An influenza RNA sequence-based computational
assessment of detection capabilities for this virus was
conducted in 32 national influenza reference labora-
tories in 29 countries, mostly WHO National Influenza
Centres participating in the WHO Global Influenza
Surveillance and Response System (GISRS). Twenty-
seven countries considered their generic influenza A
virus detection assay to be appropriate for the novel
A(H7N9) viruses. Twenty-two countries reported hav-
ing containment facilities suitable for its isolation and
propagation. Laboratories in 27 countries had applied
specific H7 real-time RT-PCR assays and 20 countries
had N9 assays in place. Positive control virus RNA was
provided by the WHO Collaborating Centre in London
to 34 laboratories in 22 countries to allow evaluation
of their assays. Performance of the generic influenza A
virus detection and H7 and N9 subtyping assays was
good in 24 laboratories in 19 countries. The survey
showed that ERLI-Net laboratories had rapidly devel-
oped and verified good capability to detect the novel
A(H7No) influenza viruses.

Introduction

On 31 March 2013, Chinese authorities announced the
identification of a novel reassortant A(H7N9) influ-
enza virus isolated from three unlinked fatal cases
of severe respiratory disease in eastern China. A few
small clusters had been detected but no sustained
human-to-human transmission had been observed [1].
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The Chinese Center for Disease Control and Prevention
(CCDQ) subtyped and sequenced the novel viruses and
showed them to be low-pathogenic viruses of avian
origin [2]. This is the first time that human infection
with avian influenza A(H7N9) virus and human deaths
due to a low-pathogenicity avian influenza virus have
been identified [3]. As of 24 January 2014, 225 labora-
tory-confirmed human cases including 55 deaths had
been reported from eight neighbouring provinces, two
municipalities, the Hong Kong Special Administrative
Region and Taiwan [4].

Detailed genetic sequence data from human, avian and
environmental specimens and isolates ofthe novelavian
influenza A(H7Ng) viruses have been made available
through the Global Initiative on Sharing All Influenza
Data (GISAID) EpiFlu database and the International
Nucleotide Sequence Database Collaboration (INSDC).
These data suggest that multiple reassortment events
have taken place, potentially involving wild birds
[2,5-7]. The six RNA segments encoding the internal
proteins of the outbreak virus are closely related to
avian A(HgN2) viruses recently isolated from poultry
in China, while, the segment encoding haemaggluti-
nin (HA) belongs to the Eurasian A(H7) avian influenza
virus lineage, and the segment for neuraminidase (NA)
is most similar to those present in avian A(H11Ng) and
A(H7Ng) viruses [2,5-7]. However, the nearest matches
found for HA and NA are considerably less related than
the nearest matches found for the six RNA segments
encoding the internal proteins. This distinguishes the
outbreak viruses from previously isolated avian influ-
enza A(H7Ng) viruses, including those reported in birds
in Europe. The sequence diversity observed between
different isolates of the novel influenza A(H7N9) virus,
compared with historical data, suggests circulation of
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TABLE 1

Laboratories participating in the sequence-based survey exercise for detection of the novel avian influenza A(H7N9) virus,

May 2013 (n=32 laboratories in 29 countries)

Organisation name and city Country

Medical University Vienna, Vienna Austria®®
Scientific Institute of Public Health, Brussels Belgium®®
National Centre of Infectious and Parasitic Diseases, Sofia Bulgaria

National Institute of Public Health, Prague

Czech Republic®®

Nicosia General Hospital, Nicosia Cyprus
Statens Serum Institut, Copenhagen Denmarkb
Health Board, Tallinn Estonia
National Institute for Health and Welfare, Helsinki Finland®*®
Centre Hospitalier Lyon Sud, Lyon France®®
Pasteur Institute of Paris, Paris France*?
Robert Koch Institute, Berlin Germany®®
Hellenic Pasteur Institute, Athens Greece*?
National Centre for Epidemiology, Budapest Hungary
National University Hospital of Iceland, Reykjavik Iceland?
University College Dublin, Dublin Ireland®®
Istituto Superiore di Sanita, Rome Italy®P
State Agency Infectology Centre of Latvia, Riga Latvia
Centre for Communicable Diseases and AIDS, Vilnius Lithuania®®

Laboratoire National de Santé, Luxembourg

Luxembourg®®

National Institute for Public Health and the Environment (RIVM), Bilthoven

The Netherlands®®

Norwegian Institute of Public Health, Oslo Norway®?
Pathology laboratory, Sptar Mater Dei, Msida Malta
National Influenza Center, Warsaw Poland?
National Institute of Health Dr Ricardo Jorge, Lisbon Portugal®®
National Institute of Research and Development for Microbiology and Immunology Cantacuzino, R .
Bucharest omania
Public Health Authority of the Slovak Republic, Bratislava Slovakia?
Institute for Public Health, Ljubljana Slovenia®®
National Centre for Microbiology, Barcelona Spain
National Centre for Microbiology, Madrid Spain®®
Swedish Institute for Communicable Disease Control, Solna Sweden®?

Public Health England, Colindale

United Kingdom-England °

Specialist Virology Centre for Wales, Cardiff

United Kingdom-Wales

2 Laboratories in these 22 countries received A/Anhui/1/2013 positive control materials from the World Health Organization Collaborating

Centre (WHO CC) in London.

® Laboratories based in these 19 countries returned real-time RT-PCR results based on the novel avian influenza A(H7N9) vRNA standard
dispatched by WHO CC London and, in addition, the West of Scotland Specialist Virology Centre, Glasgow, Scotland (UK) provided

experimental RT-PCR results.

the virus in birds before recent multiple introductions
to humans [8]. The reservoir for this novel infection
remains unknown, but the virus has been detected in
domestic birds at live markets in eastern China [9].

It is recognised that real-time RT-PCR assays are at
the forefront of influenza virus detection, with generic
assays based on the matrix (M) gene for identifica-
tion of influenza A, and specific assays for the HA and
NA genes for identification of the different subtypes
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[10]. According to a survey conducted in July 2011,
the majority of European national influenza reference
laboratories (31 laboratories in 25 countries) are using
generic RT-PCR tests based on the influenza A virus M
gene [11], which have the potential to detect also the
novel A(H7N9) viruses.

To assist European laboratories in verifying and ensur-

ing their diagnostic capability to detect and iden-
tify the novel avian influenza A(H7Ng) viruses, the

www.eurosurveillance.org



TABLE 2

Results of the survey on detection of the novel avian influenza A(H7N9) virus, May 2013 (n=32 laboratories in 29 countries)

Capability Cour:]tries Laborﬁtories
Generic detection assay for influenza A is predicted to detect influenza A(H7Ng) 27 30
Have BSL3 laboratory facilities that they can use for culture of this virus 27 29
Have isolation capability 22 24
Influenza A(H7) subtyping available 27 29
Influenza A(N9) subtyping available 20 22

BSL: biosafety level.

European Centre for Disease Prevention and Control
(ECDC), jointly with the World Health Organization
(WHO) Collaborating Centre for Reference and Research
on Influenza (WHO CC) in London, other members of
the European Reference Laboratory Network for Human
Influenza (ERLI-Net) and the WHO Regional Office for
Europe (WHO/Europe), has released a technical brief-
ing note on diagnostic preparedness in Europe for
detection of the novel avian influenza A(H7N9) viruses
[12]. The briefing note provides a list of considerations
to ensure European-wide diagnostic capability, an
update on currently available methods used for molec-
ular detection of human infection with the novel avian
influenza A(H7Ng) virus by real-time RT-PCR, a table of
validation criteria for A(H7) HA molecular assays, and
information on positive controls for RT-PCR assays.

To complement the technical briefing note, we con-
ducted a questionnaire-based survey with the objec-
tive of assessing the capability (but not assessing the
detection capacity in terms of numbers over time) of
EU/EEA countries to detect and subtype the novel avian
influenza A(H7N9) viruses, given the possibility of their
spread to Europe. Subsequently, all influenza refer-
ence laboratories were offered positive control mate-
rial by WHO CC London to verify and to report on the
experimental sensitivity of their RT-PCR assays.

Methods

The survey questionnaire was developed jointly by
ECDC, the ERLI-Net coordination team and WHO/Europe
upon request of the European Commission. It was dis-
tributed to all ECDC influenza surveillance laboratory
contact points (ERLI-Net laboratories) in May 2013. The
questionnaire asked questions related to the current
capability of the countries to detect the novel A(H7N9)
viruses and their prediction, based on influenza RNA
sequence analysis, regarding the need to update their
detection primer sets. It also included questions ask-
ing for details of the primer sets in use and for the
countries’ capability to isolate and propagate influenza
A(H7Ng) viruses.
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The WHO CC Beijing supplied A/Anhui/1/2013(H7N9) to
the WHO CC London as a virus stock that had been pas-
saged twice in embryonated hens’ eggs (E2) in compli-
ance with the WHO Pandemic Influenza Preparedness
(PIP) framework [13]. A single preparation of viral
RNA (VRNA) was made from a virus stock that had
been passaged once more in eggs (E2/E1) and grown
to an HA titre of 256/512 as assessed with turkey red
blood cells. This virus stock yielded a concentration of
2x10° plaque forming units (PFU)/mL on Madin-Darby
canine kidney (MDCK) cells. vRNA was extracted with
a QlAamp vRNA extraction kit (Qiagen, catalogue no.
#52906), and each influenza reference laboratory was
supplied with 40 pL of an undiluted vRNA standard via
dry-ice shipment. From the above data, it was calcu-
lated that 5 pL (the amount commonly used in a 25 pL
real-time RT-PCR assay) of a 108 dilution of the vRNA
standard would contain between 2.4 and 24 vRNA cop-
ies, assuming that 1 PFU equates to 10—100 virus par-
ticles. Laboratories were asked to share with WHO CC
London the results they generated with the vRNA stand-
ard in their existing or recently implemented real-time
RT-PCR assays for generic influenza A virus detection
and H7Ng subtyping (including information on primer
sets, RT-PCR kits and thermocycler platforms/cycling
parameters, and dilution(s) of vRNA tested).

Results

Sequence-based analysis questionnaire
Thirty-two of 36 laboratories in 29 Member States of
the European Union and European Economic Area (EU/
EEA) responded to the questionnaire within a month
(Table 2).

Thirty laboratories in 27 countries predicted that their
M gene-based generic detection assay for influenza
A virus would also detect the novel A(H7N9) viruses
(Table 2). One laboratory considered their generic
influenza A RT-PCR detection assay inappropriate for
detecting the novel virus. One laboratory indicated use
of a commercial influenza A detection assay, but not
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TABLE 3

Testing results with the novel avian influenza A(H7N9) vRNA standard in real-time RT-PCR assays, May 2013 (n=24
laboratories in 19 countries)

Positive control (vVRNA) dispatch Number of laboratories Countries represented

Acknowledged receipt of vRNA 22

19

Number of reports on end
point titrations (range of
end points reported)*

32
24

Tested primer/probe protocols with the vRNA

Number of different
assays

Number of
countries

Number of laboratories reporting Product size range

(number of assays carried out)

M gene (generic influenza A assay)

19° | 16 | 8 | 77-205 | 6 (107-1079)
H7-HA gene

24 (33)¢ | 19 | 16 | 52-254 | 10 (107-1079)
Ng-NA gene

16 (17)¢ | 15 | 6 | 107-153 | 4 (107¢-1077)

HA: haemagglutinin; M: matrix protein; NA: neuraminidase.

2 The number of reports that included end point titrations is given, with the titration range for the assays in brackets).

® The most commonly used assay (six of 19 reports) was the InfA primer set from the United States Centers for Disease Control and Prevention
(US CDQ) in Atlanta [17]. The other assays were developed locally.

¢ Seven laboratories in different countries reported using more than one primer set: Austria (n=2), Belgium (n=2), Germany (n=4), Italy (n=2),

Luxembourg (n=2), the Netherlands (n=2), and Norway (n=2), generating 33 reports.
4 Germany tested two primer sets, and 12 of the 17 reports were for the CCDC [15] Ng primer set.

knowing the primer sequences, was unable to predict
its diagnostic capability.

It is recommended by WHO that the novel A(H7Ng)
viruses be propagated in biosafety level (BSL) 3 facili-
ties [14]; 29 laboratories in 27 countries reported hav-
ing such facilities. Seven countries (Bulgaria, Cyprus,
Estonia, Ireland, Malta, Romania and Slovenia) and
Wales (United Kingdom (UK)), indicated that they
would not propagate the novel A(H7N9) virus in their
laboratories because they lacked capability in their
BSL3 facilities.

Twenty-nine influenza reference laboratories in 27
countries indicated having a real-time RT-PCR assay
for H7 subtyping in place. Nine laboratories in eight
countries had implemented subtyping assays based
on H7 primers and probes developed by CCDC [15] or
Corman et al. [16] or their own primer/probe sets based
on sequence alignments. Fourteen laboratories in 13
countries had more than one H7 subtyping assay in
place which showed some variation (within 1 log; cycle
threshold (Ct): 3.2) in the sensitivity of detection of
the novel avian influenza A(H7N9) viruses. Eight labo-
ratories in eight countries had implemented the com-
plete protocol of the United States Centers for Disease
Control and Prevention (US CDC) [17]. Four were using
other alternative assay protocols than the ones listed
here, for example those of Slomka et al. [18].

Twenty-two laboratories in 20 countries had set up Ng
subtyping at the time of the survey (May 2013). Ten
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laboratories in nine countries indicated that they had
not yet tested their protocol or did not have this test.
Thirteen countries had chosen to use the CCDC [15]
assay with the primers and probes for Ng from that
protocol. Seven laboratories in six countries had devel-
oped their own assay, and three laboratories used the
primers and probes described by Corman et al. [16].
One country indicated that they would sequence the
NA gene instead of setting up a specific subtyping real-
time RT-PCR assay for No.

To share viruses with a WHO CC and the WHO GISRS, 22
laboratories in 19 countries reported use of the WHO
shipment fund for shipments to WHO CC London in the
influenza season and during emerging outbreaks. Four
countries used their own budgets with additional WHO
shipment funding, and eight laboratories from eight
countries used only their own budget. Three countries
and laboratories indicated use of Quality Assurance
Exercises and Networking on the Detection of Highly
Infectious Pathogens (http://www.quandhip.info/) for
shipments, in addition to the WHO shipment fund, and
none of the responding laboratories indicated further
need for financial support for sample shipment.

Use of positive control and

sensitivity of RT-PCR assays

Having been alerted to the availability of A/
Anhui/1/2013-derived positive controls for their detec-
tion assays, 35 laboratories in 22 countries requested
and received material from the WHO CC London.
Twenty-one of these laboratories, three of which
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participate in the OFFLU OIE/FAO network of expertise
on animal influenza (one each in Germany, Italy and
the UK), received live virus and vRNA, 11 laboratories
received VRNA only, and three laboratories received
inactivated virus. Three further countries confirmed
that they would receive or had received the US CDC kit
including the corresponding positive controls (cata-
logue no. 1257 and 1258, available from the Influenza
Reagent Resource, https://www.influenzareagentre-
source.org/). Two laboratories indicated that they
needed assistance in setting up relevant assays, and
they received individual support from WHO CC London.

The 24 laboratories (19 countries) that subsequently
reported their results on detecting the novel influ-
enza A(H7Ng) vRNA standard in their real-time RT-PCR
protocols, had correctly predicted their capability to
detect the novel virus (Table 3). Nineteen laboratories
reported on generic influenza A virus detection, all
used real-time RT-PCR assays based on the M gene.
Eight different assays were employed that gener-
ated product sizes in the range 77-205 nt, and six of
19 reports employed the US CDC InfA primer set (106
nt PCR product). The six end point titration results all
showed good sensitivity (five were positive for dilu-
tions in the range 107-107% and one laboratory showed
positivity up to 1079), five of them with the US CDC InfA
primer set.

H7 detection was reported by all 24 laboratories (Table
3). Sixteen different H7 assays were employed, gener-
ating PCR fragments in the range 52-254 nt. The primer
sets spanned five different regions in the HA gene,
two in HA1, one spanning the HA1/2 cleavage site, and
two in HA2. Seven laboratories in different countries
reported on more than one primer set, resulting in 33
individual primer set reports, 19 of which employed the
following primer sets: CCDC HA1 [15] (h=10), Slomka et
al. HA2 [18] (n=4), Corman et al. HA2 [16] (n=3), and
US CDC HA2 [17] (n=2). The remaining reports used
primers developed in-house or modifications of the
primers listed here above, making them more specific
for the novel avian influenza A(H7Ng). The 10 H7 end
point titrations, all of which showed good sensitivity
(nine were positive for dilutions in the range 107-10%
and one laboratory showed positivity up to 10-9), were
using among others the CCDC HA1 [15] (n=3), Slomka et
al. HA2 [18] (n=2), Corman et al. HA2 [16] (h=2) and the
US CDC HA2 [17] (n=1) primer sets.

Sixteen laboratories reported on N9 detection (Table
3). Six assays were employed (PCR product size range:
107-153 nt), two of which were the initial and modified
versions of the CCDC assay. Twelve reports employed
one of the CCDC N9 primer sets. Of the four N9 end
point titrations, three employed a CCDC primer set
(PCR product size 107 nt), while the fourth employed
an assay developed in-house (RIVM, the Netherlands,
product size: 125 nt); both N9 assays were less sen-
sitive than the generic (M gene) and Hy assays, with
end points at dilutions in the range 107°-107. One
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laboratory (NIC, Norway) obtained good sensitivity
through end point titration (10%-10"° for M and H7z
but still only 107°-1077 for Ng) with real-time RT-PCRs
set up using an AgPath-1D One-Step RT-PCR kit (Life
Technologies) and run on Rotor-Gene 3000 or 6000
thermocyclers (Qiagen); this may be due to dilution of
the vRNA standard with water containing carrier RNA as
supplied with the QlAamp vRNA extraction kit (Qiagen).

A wide variety of RT-PCR kits and thermocycler plat-
forms were used across the reporting laboratories
for detection and subtyping of A(H7N9g) viruses. Most
laboratories used one-step RT-PCR kits from Life
Technologies (TagMan Fast Virus 1-Step, SuperScript
Il Platinum One Step gRT-PCR, AgPath-iD One-Step
RT-PCR) or Qiagen (One-Step RT-PCR, Quantifast Probe
RT-PCR), while some laboratories employed two-
step systems (e.g. QuantiTect Reverse Transcription
kit, Qiagen) developed in-house, and one laboratory
reported on generic influenza A detection as part of a
multiplex assay. The various assays were implemented
on Stratagene (MX3005), ABI (7300, 7500, 7500 FAST,
7900 HT), Rotor-Gene/Qiagen (Q, 3000, 6000), Roche
(LC480) and Bio-Rad (CFX96) thermocyclers.

Discussion

ERLI-Net laboratories had built up detection capability
for the novel influenza A(H7N9) viruses within approxi-
mately two months from the first reports of this virus.
Most ERLI-Net laboratories had developed or applied
specific H7 and/or Ng real-time RT-PCR assays to iden-
tify the novel A(H7N9) viruses: 27 countries have an Hz
assay and 21 an Ng assay in place in their influenza ref-
erence laboratories. Overall, 28 of 31 laboratories in 27
countries reported an ability to subtype A(H7) viruses,
with the remaining three laboratories proposing to
send their non-subtypeable viruses to WHO CC London.

Overall, laboratories in EU/EEA countries appear to be
well prepared for the detection and identification of
the novel avian A(H7N9) influenza virus, because they
either can detect the viruses themselves or, if not, have
a mechanism in place to forward the viruses to WHO
CC for characterisation. Furthermore, it is likely that
the Hz-specific HA2 primer set from the US CDC will
be adopted by more laboratories, as it is now available
through the Influenza Reagent Resource (https://www.
influenzareagentresource.org #FR-1258). Due to the
high genetic diversity in the HA of influenza viruses of
the A(H7) subtype, it has not been possible to design
a universal primer/probe set of the required specific-
ity and sensitivity to detect all avian influenza A(H7)
viruses. However, both the US CDC H7-HA2 primer set
[17] and the set by Slomka et al. [18] have been evalu-
ated and are capable of detecting Eurasian H7 avian
influenza viruses typically infecting poultry in Europe
that have the potential to cause zoonoses.

From the survey responses and results reported on

the use of an A/Anhui/1/2013(H7N9) vRNA standard,
it is apparent that ERLI-Net laboratories across EU/
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EEA countries have a range of assays available that
are suitable for detecting the M, HA and NA genes of
the novel A(H7N9) influenza virus. With current capa-
bilities, these novel avian influenza A(H7N9g) viruses
would be detected in the majority of EU/EEA countries
on submission of a sample to a national influenza ref-
erence laboratory for characterisation. However, as
these A(H7Ng) viruses are likely to evolve, sequence-
based comparison of primer/probe sets with circulating
H7Ng viruses should be part of a continuous monitor-
ing practice in all influenza reference laboratories,
with modification of set(s) as required. Despite such
monitoring it is clear that, even when the same detec-
tion algorithm, equipment and laboratory protocols
are used, the human factor plays a role in laboratory
detection, and assay performance can only be verified
through external quality assessment (EQA) and clinical
validation [19]. ERLI-Net undertook an EQA in autumn
2013 that included an A(H7Ng) virus in the panel; the
results are pending.

Conclusions

This capability assessment would not have been possi-
ble without the prompt actions of the Chinese authori-
ties and the CCDC who rapidly deposited sequence
data in the GISAID database and provided virus for cul-
ture and RNA extraction to WHO CC London. Feedback
from ERLI-Net laboratories indicates that EU/EEA coun-
tries have good detection capabilities for these novel
avian influenza A(H7N9) viruses. Generally, this study
illustrates the importance of having a coordinated
laboratory network such as ERLI-Net, with a direct link
to the WHO GISRS for virus and reagent sharing, and
the usefulness of timely responses to sequence-based
analysis surveys as well as testing of performance
and proficiency to inform a regional risk management
response.

A large diversity of assays and platforms for influenza
detection and diagnosis are available in the European
health sector, reflecting prevailing local conditions.
Nevertheless, good technical performance can be
achieved, even though a lack of detailed knowledge
of primer and probe binding sites in commercial kits
makes it difficult to predict their match with the viral
target genes. The mechanism described here (a survey
including sequence-based analysis followed by practi-
cal assessment) is likely to be necessary every time a
new variant of influenza virus with pandemic potential
emerges. During such surveys, clear technical commu-
nication channels both within and between countries,
ERLI-Net/ECDC, WHO/Europe and WHO CC London, are
a crucial part of preparedness and response.

In influenza reference laboratory networks, the exist-
ing pathways for specimen referral to the WHO CCs
and annual EQAs have proven useful tools in ensur-
ing good seasonal influenza surveillance. The same
pathways can be used in an emergency. For EU/EEA
countries, an additional element in an emergency
response is enhanced communication between ECDC,
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WHO/Europe, WHO CC London and other ERLI-Net virol-
ogy experts, to ensure high quality and rapid techni-
cal support for the ERLI-Net laboratories. The network
benefits from WHO CC functions through the distribu-
tion of positive controls for RT-PCR and support in the
validation of protocols. Larger network laboratories,
such as Public Health England Colindale, can support
the network in the clinical validation of the detection
assays. However, a sequence-based computational
assessment of the detection platforms is not enough,
and EQA of the assays is crucial to ensure the field vali-
dation of primers and reagents. This ERLI-Net model
could be applied to other dedicated communicable
disease networks to assess the performance of their
schemes for sample referral, setup of detection assays
and validation of the assays for emerging infectious
disease events.

The current response to the emergence of influ-
enza A(H7Ng) has demonstrated a good prepared-
ness in European influenza reference laboratories.
Nevertheless, a number of areas can be improved: (i)
how best to assess the detection assays used in the
primary diagnostic laboratories, (ii) how well evaluated
and clinically validated a detection protocol should be
before it is shared with the network laboratories, (iii)
where to post all technical material so that it can be
easily found, (iv) how to speed up the distribution of
positive controls, (v) the best way to communicate
rapidly within the network, (vi) how the questionnaire
results are followed up with the laboratories, and (vii)
how the required training, based on EQA results, is
delivered. Overall, there is a need to decide on a stand-
ard operation procedure for emergency responses in
the network, so that all parties know their role(s) and
timeline(s) for response and what is expected from
them when a novel virus emerges. As the influenza
A(H7Ng) situation is still evolving, there is no reason
for complacency, and preparedness at the European
level will continue to be monitored. Gene sequences
from the most recent influenza A(H7N9) zoonotic infec-
tions available in GISAID, as of 24 January 2014, indi-
cate that the low levels of genetic drift observed are
unlikely to adversely affect the detection capabilities
that have been developed in EU/EEA countries .
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