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During August 2015, a boil water notice (BWN) was
issued across parts of North West England following
the detection of Cryptosporidium oocysts in the pub-
lic water supply. Using prospective syndromic surveil-
lance, we detected statistically significant increases
in the presentation of cases of gastroenteritis and
diarrhoea to general practitioner services and related
calls to the national health telephone advice service in
those areas affected by the BWN. In the affected areas,
average in-hours general practitioner consultations
for gastroenteritis increased by 24.8% (from 13.49
to 16.84) during the BWN period; average diarrhoea
consultations increased by 28.5% (from 8.33 to 10.71).
Local public health investigations revealed no labo-
ratory reported cases confirmed as being associated
with the water supply. These findings suggest that the
increases reported by syndromic surveillance of cases
of gastroenteritis and diarrhoea likely resulted from
changes in healthcare seeking behaviour driven by
the intense local and national media coverage of the
potential health risks during the event. This study has
further highlighted the potential for media-driven bias
in syndromic surveillance, and the challenges in dis-
entangling true increases in community infection from
those driven by media reporting.

Introduction

Since its first identification as a cause of human infec-
tion, the protozoan parasite Cryptosporidium has been
established as a significant cause of morbidity and
mortality globally [1]. Over 20 different Cryptosporidium

species have been recognised, with 15 currently
reported to cause human infection. However the major-
ity of human infections are associated with infection
from Cryptosporidium hominis and Cryptosporidium
parvum [2]. Cryptosporidiosis is particularly associated
with prolonged and persistent diarrhoea, however it is
also characterised by abdominal pain, nausea and/or
vomiting [3,4]. Transmission is through the faecal-oral
route; symptoms generally occur between 2 to 12 days
post infection with a mean incubation period of 5 to 7
days. The burden of Cryptosporidium is greater in chil-
dren and those who are malnourished or immunocom-
promised [5,6].

In high income countries, Cryptosporidium is a lead-
ing cause of waterborne outbreaks. One of the largest
and best described outbreaks occurred in Milwaukee
(Wisconsin, United States) during 1993, where over
400,000 people using a municipal water supply were
affected during a two month period [7]. In England, rec-
reational water Cryptosporidium outbreaks, e.g. asso-
ciated with swimming pools, are far more common than
those involving public drinking water supplies [8]. Four
previous drinking water outbreaks have been described
in England, including the largest in the East Midlands
where contamination of the local water supply resulted
in an estimated 400 excess cases of diarrhoea and 23
laboratory-confirmed cases [9]. As the detection of
oocysts in water samples can indicate a potential risk
to health, the water supplier may decide to issue a boil
water notice (BWN), advising the affected populations
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FIGURE 1

Location of Blackpool and Lancashire upper tier local authorities (LAs) as well as the postcode districts in these two LAs,
which were affected by a boil water notice, North West England, 6 August-6 September 2015

Blackburn

(A) The area of the North West England region, covered by the Cumbria and Lancashire Public Health England (PHE) team (which includes
Blackburn, Blackpool, Cumbria and Lancashire LAs), is coloured in different tones of blue. Within this area, Blackpool and Lancashire LAs,
which were affected by the boil water notice are in darker blue. The location of the affected water treatment works is illustrated by a red

circle.

(B) Postcode districts affected by the boil water notice within Blackpool and Lancashire LAs are shaded.

to boil all water before drinking [10]. In previous stud-
ies evaluating the public’s understanding and compli-
ance with BWNs, varying levels of compliance during
the notice period were revealed [11-15]. In England the
decision to lift a BWN is taken by the water supplier, in
consultation with public health organisations.

In England, during any incident where Cryptosporidium
oocysts have been detected in a public water supply, a
number of different public health surveillance systems,
including laboratory reporting and syndromic surveil-
lance, are used to identify the impact, if any, on dis-
ease burden. Syndromic surveillance can be used both
to assess increases in the healthcare consultations e.g.
to primary care, and to reassure lack of impact where
there are no changes detected in healthcare seeking
behaviour.

Between 31 July and 4 August 2015 Cryptosporidium
oocysts were identified in a water treatment works
supplying drinking water to parts of the North West
England region. As a result a BWN was issued on 6
August 2015 in the areas concerned. We describe the
use of syndromic surveillance to monitor healthcare
seeking behaviourin those areas affected, to determine
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whether increases in the presentation of gastroenteri-
tis symptoms were linked to the alert.

Cryptosporidium alert

Routine testing of water supplies at Franklaw water
treatment works (which supplied drinking water
to the affected areas), detected low numbers of
Cryptosporidium oocysts between 31 July and 4 August
2015 (initial sample results of 0.031 and 0.119 oocysts
per 10 L water were well below 0.2 oocysts per 1oL, the
‘trigger’ level where measures such as flushing the
water network or closing the plant become necessary).
A BWN was issued on 6 August across Lancashire and
Blackpool upper tier local authorities (LAs: across
England local government functions are divided
between two tiers of local authority, upper and lower
tier local authority), affecting ca 300,000 households
and attracting local media coverage (Figure 1). Water
samples taken across the affected water network
remained positive for Cryptosporidium over the next
few weeks, albeit below the ‘trigger’ level. To clear the
system of Cryptosporidium, the water authority adopted
a combination of flushing the water network, transfer-
ring water from other parts of the network and install-
ing ultraviolet light rigs. It was decided that before the



BWN could be lifted in any given part of the network
supplied by the Franklaw water plant, water sampling
should be negative on three consecutive days. Across
various parts of the network, as negative samples were
identified, the BWN was lifted: on 27 August the BWN
was partially lifted across parts of Blackpool; over the
next 10 days the BWN was gradually lifted across fur-
ther areas, until 6 September, when the BWN was lifted
across the whole water network. The routine local pub-
lic health investigation revealed that there were no lab-
oratory reported cases which could be confirmed to be
associated with the water supply either before, during
or after the BWN (data now shown).

Methods

Syndromic surveillance

Syndromic surveillance is the near real-time collection,
analysis, interpretation and dissemination of health-
related data to enable the early identification of the
impact (or absence of impact) of potential human or
veterinary public-health threats which require effective
public health action [16]. The Public Health England
(PHE) Real-time Syndromic Surveillance Team (ReSST)
coordinates a suite of national syndromic surveillance
systems and delivers a real-time syndromic surveillance
service that has been described in detail elsewhere
[17]. In brief, daily data are collected from a number of
healthcare provider sources and analysed, interpreted
and risk assessed using statistical algorithms (model-
ling historical data to identify significant increases in
activity) [18]. The data received are aggregated into a
number of syndromic indicators based upon symptoms
and clinical diagnosis of disease.

For this incident, telehealth (National Health Service
(NHS) telephone advice, NHS 111) calls, general prac-
titioner (GP) in-hours (GP IH) and GP out-of-hours (GP
OO0H) syndromic surveillance data for gastroenteritis,
diarrhoea and vomiting were used. NHS 111 calls were
based upon such symptoms reported by patients,
while GP consultations included those where the clini-
cal diagnosis made by the GP involved clinical codes
relating to gastroenteritis, diarrhoea or vomiting. The
population coverage of each system in the LAs issued
with the BWN and those neighbouring the BWN area
was initially assessed to ensure that there was suf-
ficient surveillance coverage: GP OOH coverage in
Blackburn LA (which neighboured the LAs with the
BWN) was insufficient for surveillance and, therefore,
was not included in the results.

Epidemiological analysis

NHS 111 telephone calls, GP IH and GP OOH syndro-
mic surveillance data were monitored during the
period of the BWN (6 August to 5 September) and for
14 days after. Daily data counts were plotted as rates
per 100,000 population (GP IH) and per cent of indica-
tor to total calls/consultations (NHS 111/GP OOH) with
3 day moving averages included to aid interpretation.
Data were analysed by LA, including two which were

affected by the BWN (Blackpool LA and Lancashire LA)
and two neighbouring LAs not affected by the BWN
(Blackburn LA and Cumbria LA). Data were also ana-
lysed for the Cumbria and Lancashire PHE local health
protection team area [19], which included a footprint
covering all four LAs (Figure 1).

Statistical analysis

Routine statistical analysis of syndromic surveillance
data was undertaken prospectively on a daily basis
during the study period using automated statistical
models to identify significant exceedances compared
with either recent activity, or historically expected lev-
els. The routine statistical methods used are described
in detail elsewhere however in summary a baseline
was estimated for each system and syndromic indica-
tor using a multi-level hierarchical mixed effects model
incorporating appropriate variables (e.g. day of the
week and public holidays) [18]. An upper 99% prediction
interval threshold for expected activity each day was
established using the estimated baselines, adjusting
for variation in the total volume of daily data received.
Exceedances were assessed as significant where the
actual number of consultations or calls exceeded these
99% prediction interval thresholds [18].

A Student’s two-tailed test was used to determine
differences in the mean syndromic surveillance daily
data during the BWN (6 August to 5 September) and
a comparative period of 31 days (2 July to 1 August;
the same sequence and number of days as the BWN
were included) preceding the BWN (‘non-BWN’ period).
Weekends (when GP IH services are closed) were
removed from the analysis of GP IH data resulting in
comparative periods of 21 days. A mean of the daily
syndromic surveillance data was taken for each geo-
graphical location and syndromic indicator separately,
for the period of the BWN. Results for Blackpool and
Lancashire LAs were compared with two neighbouring
LAs not issued with the BWN (Blackburn and Cumbria
LAs), Cumbria and Lancashire PHE team area, as well
as England.

All statistical analyses were undertaken using Stata
v13 [20].

Results

Epidemiological analysis

There was an apparent increase in GP consultations
for gastroenteritis during the period of the BWN in the
two affected LAs. GP OOH consultations increased
immediately following the issue of the BWN, with the
highest peak occurring in Lancashire LA. The peak in
GP IH consultations occurred a few days later (follow-
ing a weekend), and peaked highest in Blackpool LA
(Figure 2). The increases in the two affected LAs were
reflected at the level of the PHE team area of Cumbria
and Lancashire, where GP IH consultation rates for gas-
troenteritis remained at slightly elevated levels for the
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FIGURE 2

Daily presentation (3 day moving average) of gastroenteritis consultations to general practitioner services (in-hours and out-

of-hours) in North West England, 7 July—26 September 2015
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Data presented for England (dark green), Cumbria and Lancashire Public Health England (PHE) team area (brown) and for upper tier local
authorities (LAs) within this team area (Blackburn, light blue; Blackpool, light green; Cumbria, light orange and Lancashire, purple).

duration of the BWN, before subsequently returning to
expected levels.

GP OOH consultations for diarrhoea increased immedi-
ately following the BWN, and peaked before GP IH diar-
rhoea consultations; Lancashire LA peaked highest in
the GP OOH and Blackpool LA in the GP IH (Figure 3).
NHS 111 calls for diarrhoea peaked concurrently with
GP OOH and peaked highest in Blackpool LA. GP IH
consultation rates for diarrhoea remained at elevated
levels for the duration of the BWN, before returning to
expected levels once the BWN was lifted.

GP IH consultations for vomiting showed a similar
increase during the BWN period however this was only
noted in Blackpool LA. There were no increases in vom-
iting presentations in the GP OOH or NHS 111 systems
(Figure 4).
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Routine statistical analysis

Routine statistical analysis of the data received by
ReSST on a daily basis illustrated significant increases
in the gastroenteritis and diarrhoea indicators at the
LA level, occurring on the day of, and immediately fol-
lowing the issue of the BWN (Table 1). The frequency
of the statistically significant alarms decreased after 9
August, after which few alarms occurred.

Comparing syndromic surveillance data between the
BWN (6 August — 5 September) and non-BWN (2 July
— 1 August) periods revealed significant differences in
those areas where the BWN had been issued (Table 2).
Within Blackpool and Lancashire LAs GP IH gastroen-
teritis and diarrhoea mean consultation rates were sig-
nificantly higher during the BWN (p<o0.01). Considering
these two LAs together, the gastroenteritis GP IH aver-
age consultation rates during the BWN increased by



FIGURE 3

Daily presentation (3 day moving average) of diarrhoea general practitioner (GP) consultations and National Health Service
(NHS) 111 calls in North West England, 7 July—26 September 2015
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Data presented for England (dark green), Cumbria and Lancashire Public Health England (PHE) team area (brown) and for upper tier local
authorities (LAs) within this team area (Blackburn, light blue; Blackpool, light green; Cumbria, light orange and Lancashire, purple).

24.8% (i.e. from 13.49 to 16.84), while average diar-
rhoea consultations increased by 28.5% (8.33 to 10.71).
In Blackpool LA, GP IH rates for gastroenteritis and
diarrhoea were 33.5% and 35.4% higher during the
BWN period while in Lancashire LA these were 15.2%
and 20.8% higher. In the two neighbouring LAs not
affected by the BWN, there were no significant differ-
ences observed at the 95% or 99% significance levels.
At the PHE team area level (Cumbria and Lancashire),
there were significant increases (p<o0.01) in gastroen-
teritis or diarrhoea across all systems. There were also
significant results at the National (England) level, how-
ever these results were significant indicating higher

incidence during the non-BWN period for selected indi-
cators in the GP IH and NHS 111 systems. When com-
paring vomiting indicators across each system there
were no significant differences between the BWN and
non-BWN periods.

Discussion

We present a description of the real-time monitor-
ing of healthcare seeking behaviour using syndromic
surveillance during a BWN following the detection of
Cryptosporidium in the mains water supply to parts of
North West England between 31 July and 4 August 2015.
The BWN impacted on a large number of people (ca
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FIGURE 4

Daily presentation (3 day moving average) of vomiting general practitioner (GP) consultations and National Health Service
(NHS) 111 calls in North West England, 7 July—26 September 2015
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Data presented for England (dark green), Cumbria and Lancashire Public Health England (PHE) team area (brown) and for upper tier local
authorities (LAs) within this team area (Blackburn, light blue; Blackpool, light green; Cumbria, light orange and Lancashire, purple).

300,000 households) in Blackpool and Lancashire LAs.
Routine syndromic surveillance revealed significant
increases in presentations to GPs (GP IH and GP OOH)
and NHS 111 calls for diarrhoea and gastroenteritis in
Blackpool and Lancashire LAs in the days immediately
following the BWN. Rates of these indicators remained
elevated for several days before returning to expected
seasonal levels. There were no significant increases
in neighbouring LAs where water supplies were unaf-
fected. Interestingly, Lancashire LA was large in terms
of geographical area (cf.d with Blackpool LA) however
only certain areas of it were actually impacted by the
BWN (Figure 1). This implied that the local impact in
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those areas affected was higher than that estimated
for the LA as a whole.

Increases in GP OOH and NHS 111 indicators were
observed immediately following the BWN whereas GP
IH indicators peaked over the following days. The BWN
was issued on a Thursday afternoon, meaning patients
had more opportunity to access out of hours healthcare
services, resulting in immediate increases compared
with the routine GP services which patients were better
able to access in the following week. This emphasises
the importance of accessing syndromic surveillance
data from a range of healthcare services, or those that



TABLE 1

Routine analyses resulting in statistical alarms for syndromic surveillance systems in Blackpool and Lancashire upper tier
local authorities (LA), the two LAs affected by the boil water notice, North West England, 1 August-16 September 2015

Diarrhoea Gastroenteritis Vomiting
Blackpool Lancashire Blackpool Lancashire Blackpool Lancashire
NHS GP GP NHS GP GP GP GP GP GP NHS GP NHS GP GP
111 IH OOH 111 IH OOH IH OOH IH OOH 111 OOH 111 IH OOH
01/8/15 N NA N N NA N NA N NA N N NA N N NA N
02/8/15 N NA N N NA N NA N NA N N NA N N NA N
03/8/15 N N N N N N N N N N N N N N N N
04/8/15 N N N N N N N N N N N N N N N N
05/8/15 N N N N N N N N N N N N N N N N
06/8/15? Y N N Y N Y N N N Y N N N N N N
07/8/15 N Y N Y Y N Y N Y N N N N N Y Y
08/8/15 Y NA Y Y NA Y NA Y NA Y N NA N N NA Y
09/8/15 N NA Y Y NA Y NA Y NA Y N NA Y N NA Y
10/8/15 N Y N N N Y N N Y N N N Y N N N
11/8/15 N N Y N N N Y N N N N N N N N N
12/8/15 N N N N N N N N N N N N N N N N
13/8/15 N Y N N N N Y N N N N N N N N N
14/8/15 N N N N N N N N N N N N N N N N
15/8/15 N NA N N NA N NA N NA N N NA N N NA N
16/8/15 N NA N N NA N NA N NA Y N NA N N NA N
17/8/15 N N N N N N N N N N N N N N N N
18/8/15 N N Y N N N N Y Y N N N N N N N
19/8/15 N N N N N N N N N N N N N N N N
20/8/15 N N N N N N N N N N N N Y N N N
21/8/15 N N N N N N Y N N N N N N N N N
22/8/15 N NA N N NA N N N NA N N NA N N NA N
23/8/15 N NA N N NA N N N NA N N NA N N NA N
24/8/15 N N N N N N N N N N N N N N N N
25/8/15 N N N N N N N N Y N N N N N N N
26/8/15 Y N N N N N N N Y N N N N N N N
27/8/15° N N N N N N N N N N N N N N N N
28/8/15 N N N N N N Y N N N N N N N N N
29/8/15 N NA N N NA N NA N NA N N NA N N NA N
30/8/15 N NA Y N NA N NA Y NA N N NA N N NA Y
31/8/15 N NA N N NA N NA N NA N N NA N N NA N
01/9/15 N N N N N N N N N N N N N N
02/9/15 N N N N N N N N N N N N
03/9/15 N N N N N N N N N N N N
04/9/15 N N N N N N N N N N N N
05/9/15 N NA N Y NA N NA N NA Y N NA N N NA N
06/9/15° N NA N N NA N NA N NA N N NA N N NA N
07/9/15 N N N N N N N N Y N N N N N N N
08/9/15 N N N N N N N N N N N N N N N N
09/9/15 N N N N N N N N N N N N N N N N
10/9/15 N N N N N N N N N N N N N N N N
11/9/15 N N N N N N N N N N Y N N N N N
12/9/15 N NA N N NA N NA N NA N N NA N Y NA Y
13/9/15 N NA N N NA N NA Y NA N N NA N N NA N
14/9/15 N N N N N N N N N N N N N N
15/9/15 N N N N N N N N N N N N N Y
16/9/15 Y N N N N N N N N N N N N

GP IH: general practitioner in-hours system; GP OOH: general practitioner out-of-hours system; N: no statistically significant exceedance recorded; NA: not
applicable (GP IH services not routinely available at weekends); NHS: National Health Service; Y: statistically significant exceedance recorded.

Dates are represented as day/month/year. Daily data are routinely collected from a number of healthcare provider sources and analysed, interpreted and
risk assessed using automated statistical models (modelling historical data to identify significant increases in activity) [18]. Cells representing days with a
statistically significant exceedance are highlighted in yellow. The issue and the partial or complete lifting of the boil water notice are indicated by dark blue
shading. Weekends and public holidays are shaded in light blue.

2 Boil water notice.
® Partial lifting of boil water notice.
¢ Complete lifting of boil water notice across remaining areas.

8 www.eurosurveillance.org



TABLE 2

Means of rates of general practitioner (GP) in-hours consultation, and percentages of GP out-of-hours consultations and
National Health Service (NHS) 111 calls for gastroenteritis, diarrhoea and vomiting during the boil water notice and non-
boil water notice periods, and comparison of the two periods, North West England, July—September 2015

Cumbria and

_ : Blackpool LA Lancashire LA Blackburn LA Cumbria LA hires England
S Indicator and period Lancashire
ystem 3
Mean P P P P P
Mean® Mean® Mean® Mean® Mean®
value value value value value value
BWN |18.954 14.728 12.545 14 14.68 12.069
Gastroenteritis | Non- 0.009 0.001 0.103 0.098 0.005 0.002
14.2 12.786 14.401 15.240 13.526 12.732
BWN
BWN | 11.951 9.462 6.931 9.786 9.472 7.424
GP IH Diarrhoea Non- 0.003 0.000 0.449 0.107 0.001 0.17
8.829 7.835 6.331 10.825 8.375 7.553
BWN
BWN | 5.258 3.823 3.939 3.719 3.914 2.856
Vomiting Non- 0.036 0.328 0.789 0.384 0.286 0.000
3.754 3.642 4.069 3.983 3.758 3.289
BWN
BWN | 3.531 4.343 NA 3.157 3.839 4.165
Gastroenteritis | Non- 0.005 0.000 NA 0.142 0.001 0.457
2.586 3.245 NA 3.531 3.185 4.213
BWN
P BWN | 1.035 1.399 NA 0.905 1.176 1.151
Diarrhoea Non- 0.156 0.004 NA 0.565 0.011 0.154
OOH 0.767 0.974 NA 0.982 0.943 1.101
BWN
BWN | 0.922 1.090 NA 1.083 1.06 1.418
Vomiting Non- 0.08 0.891 NA 0.178 0.903 0.136
0.658 1.079 NA 1.277 1.052 1.460
BWN
BWN | 3.647 2.626 2.487 1.883 2.695 2.068
Diarrhoea Non- p 0.002 6 0.000 6 0.946 0.05 p 0.000 0.046
NHS BWN | 212 1.627 2.462 3.338 1.864 2.154
111 BWN | 2.897 2.453 2.756 2.058 2.509 2.738
Vomiting Non- 0.68 0.394 0.059 0.121 0.018 0.000
BWN | 3:034 2.596 3.767 3.008 2.817 2.966

BWN: boil water notice period (6/8/15-8/9/15); GP IH: general practitioner in-hours system; GP OOH: general practitioner out-of-hours system;
LA: local authority; NA: not applicable (GP OOH coverage in Blackburn LA was insufficient for surveillance and therefore not included in the

results); non-BWN: non-boil water notice period (2/7/15-1/8/15).

P-values significant at the 99% level are highlighted bold where mean values were higher during the BWN period.
2 This refers to the Cumbria and Lancashire Public Health England area, which includes Blackburn, Blackpool, Cumbria and Lancashire LAs.
® Mean of GP IH consultation rate, or GP OOH consultation percentage, or NHS 111 call percentage.

are immediately available to the population, to accu-
rately determine the peak of impact of an event.

As part of the local routine incident response, there
were small increases in laboratory detections of
Cryptosporidium identified from patient samples in
Blackpool LA (data not available from other affected
LAs) during week 35 (25-31 August 2015). In the
affected area, laboratory reports increased from an
average of one detection per week in the four preced-
ing weeks to seven during week 35 and 12 during week
36, then falling to expected levels over the following
two weeks. However, this coincided with a national
increase of Cryptosporidium infection across England
(peaking nationally week 37, 7-13 September 2015):
there was also insufficient information to link individ-
ual cases within BWN areas to the local water supply,
or there were other risk factors (e.g. history of travel)
involved (data not shown). This, linked to the original
low oocyst count in water samples suggested that it
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was highly likely that the increase in healthcare seek-
ing behaviour monitored by syndromic surveillance
during the BWN was due to intense local and national
media reporting, rather than actual Cryptosporidium
infections.

Local populations were informed of the BWN through
printed and digital media and advised to seek medical
advice if they had symptoms of cryptosporidiosis such
as diarrhoea, including consulting a GP in order that
faecal samples could be collected and tested to con-
firm Cryptosporidium infection. It is possible that this
messaging therefore had several impacts: (i) sympto-
matic patients who would not normally have consulted
a healthcare professional (i.e. they would have self-
treated at home) would have been more likely to visit
one of these services; (ii) the volume of tests requested
would have increased possibly increasing the overall
number of positive tests; (iii) healthcare profession-
als might have been more likely to notify cases or use




more specific clinical codes relevant to infectious gas-
troenteritis based upon the knowledge of the BWN and
the health implications. Other sources of data from the
incident (data not shown) illustrated an increase in the
volume of tests, where the average number of weekly
laboratory tests for Cryptosporidium increased from an
average of 155 per week in the four preceding weeks
to 264 in both weeks 33 and 34 (10-23 August 2015),
respectively, during the BWN period. However, during
this peak in testing, positivity rates remained low sug-
gesting that the excess tests were predominantly nega-
tive for Cryptosporidium during these two weeks (data
not shown). The overall impact of this media messag-
ing therefore appeared to have been a period of over-
reporting likely including patients symptomatic for
reasons unrelated to the BWN, who would not normally
have sought advice from a healthcare service.

The impact of media coverage as a source of poten-
tial bias in syndromic surveillance has been reported
infrequently. The nature of syndromic surveillance data
collection renders these systems susceptible to shifts
in healthcare seeking behaviour as a result of media
coverage around a particular public health incident. We
have previously reported the impact of media report-
ing on mumps clinician notifications illustrating poten-
tial bias in the public and health professionals [21].
The 2009 influenza A(H1N1) pandemic also generated
intense media coverage and retrospective analysis of
regional news coverage was suggested to influence the
demand for local microbiological testing of samples
for influenza A(H1N1) [22]. Conversely, media report-
ing can also be used as a useful source of information,
including news outlets, discussion sites and disease
reporting networks, to provide additional intelligence
and increased awareness of public health issues, thus
augmenting existing public health surveillance pro-
grammes [23].

In the context of the period of the BWN described here,
understanding the surveillance data was critical to
avoid misinterpretation and thus giving out inaccurate
messages to healthcare professionals and the public.
Considering the incubation period of cryptosporidi-
osis and the possible exposure of the population to
the organism, the timing of the observed increases in
syndromic indicators suggested a plausible increase in
infections. The predominance of increases in diarrhoea
and gastroenteritis indicators, and not of vomiting,
was again in line with understood symptom presenta-
tion of cryptosporidiosis [3,4]. However, close working
with front line local public health teams was important
as this enabled all public health intelligence e.g. labo-
ratory reporting to be included into the interpretation
of syndromic data.

This paper highlights the real challenges and limita-
tions of using symptom-based data for the identifica-
tion of publicised outbreaks. We have shown an impact
on health service providers in those areas affected
by a BWN. This does not necessarily imply that there
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was an increase in the overall burden of gastroenteri-
tis and diarrhoea in the community, just a change in
healthcare seeking behaviour and therefore those
cases registered by a medical practitioner. However,
this represents an important message: during this
event, despite the lack of confirmed cases there was
a similar increase in the presentation of patients to
health services, placing additional pressure on GPs,
NHS 111, laboratories and possibly pharmacies for
over-the-counter remedies. These increases were all
likely resulting from the reporting of the possible pub-
lic health risks through the media and resulted in a
similar burden to some of these services as might be
expected for a genuine incident. For future events, fur-
ther work might need to focus on improved messaging
from public health authorities. These messages need
to balance the reassurance for patients that the public
health interventions applied e.g. a BWN have reduced
the risk of exposure to any potential hazards while also
ensuring that exposed cases are identified. They also
additionally need to alert local health service provid-
ers of the potential for increased burden during these
periods.
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Influenza antigenic and genetic characterisation data
are crucial for influenza vaccine composition decision
making. Previously, aggregate data were reported to
the European Centre for Disease Prevention and Control
by European Union/European Economic Area (EU/EEA)
countries. A system for collecting case-specific influ-
enza antigenic and genetic characterisation data was
established for the 2013/14 influenza season. In a pilot
study, 11 EU/EEA countries reported through the new
mechanism. We demonstrated feasibility of reporting
strain-based antigenic and genetic data and ca 10%
of influenza virus-positive specimens were selected
for further characterisation. Proportions of character-
ised virus (sub)types were similar to influenza virus
circulation levels. The main genetic clades were rep-
resented by A/StPetersburg/27/2011(HiN1)pdmog
and A/Texas/50/2012(H3N2). A(HiN1)pdmog viruses
were more prevalent in age groups (by years)<1 (65%;
p=0.0111), 20-39 (50%; p=0.0046) and 40-64 (55%;
p=o0.00001) while A(H3N2) viruses were most preva-
lent in those>65 years (62%*; p=0.0012). Hospitalised
patients in the age groups 6—19 years (67%; p=0.0494)
and 265 years (52%; p=0.0005) were more frequently
infected by A/Texas/s0/2012 A(H3N2)-like viruses
compared with hospitalised cases in other age groups.
Strain-based reporting enabled deeper understand-
ing of influenza virus circulation among hospitalised
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patients and substantially improved the reporting of
virus characterisation data. Therefore, strain-based
reporting of readily available data is recommended to
all reporting countries within the EU/EEA.

Background

Influenza virological surveillance data, including
characteristics of circulating viruses, are collected to
describe the annual occurrence of influenza virus (sub)
types and lineages for selection of vaccine compo-
nents for the following season. Virological surveillance
also supports epidemic and pandemic preparedness
with detection of emerging influenza viruses. European
Union and European Economic Area (EU/EEA) countries
report influenza surveillance data on a weekly basis
during influenza seasons as part of the World Health
Organization (WHO) Global Influenza Surveillance and
Response System (GISRS) [1] to describe the antigenic
character and genetic makeup of circulating viruses [2].
Surveillance at the EU/EEA level is carried out by the
European Influenza Surveillance Network (EISN) and
data are collected on a weekly basis in The European
Surveillance System (TESSy) under the coordination
of the European Centre for Disease Prevention and
Control (ECDQ) [3,4].

www.eurosurveillance.org



FIGURE 1

Detections and characterisations by influenza A virus subtype and surveillance system, by week of specimen collection,
strain-based reporting of antigenic and genetic characterisation data, 11 European countries, influenza season 2013/14

A. Detections of A(HiN1)pdmog by sentinel and non-sentinel

systems
$ 8oo A
e
'S 600 A
<
o
E 400
g 200 A
=
o] L e S B e B B S e B B B B B B B B e
O N STV 00 O NN WOV O N FWOVWOW O N FWOVOW O N IO
N T T T TN N|IOO0 00 & = o 0 W N NNANNONNOON N M
2013 2014
Week/year
— Non-sentinel A(HiN1)pdmog — Sentinel A(HiN1)pdmog
C. Aggregate and strain-based genetic characterisations
of A(H1N1)pdmog viruses
80 1
2]
Q
(%2
2
>
<
[}
5
e)
£
>
=

Week/year

--- Aggr GEN A/California/7/2009 A(H1iN1)pdmog
— Aggr GEN A/St Petersburg/27/2011 A(HiN1)pdmog
— StrGEN A/St Petersburg/27/2011 A(HiN1)pdmog

E. Aggregate and strain-based antigenic characterisations
of A(H3N2) viruses

80 1 Aggr AG A/Texas/50/2012 A(H3N2)

60 4 — StrAG A/Texas/50/2012 A(H3N2)

20

Number of viruses
oy
o
,

Week/year

AG: antigenic; aggr: aggregate; GEN: genetic; str: strain-based.

www.eurosurveillance.org

Number of viruses

Number of viruses

Number of viruses

B. Aggregate and strain-based antigenic characterisations
of A(H1N1)pdmog viruses

80 1
Week/year
— Aggr AG A/California/7/2009 A(HiN1)pdmog
— StrAG A/California/7/2009 A(HiN1)pdmog
D. Detections of A(H3N2) by sentinel and non-sentinel systems
800 A
600 -
400 -
[e] . T T T T T T T T T T T T T T T T T—r
O N W0 O NN FWOWOW O N FTWOVWOWO N TV O N IO 0
FTIETITIFITITNHNIO 000 @ < o = AN NN MO NN
2013 2014
Week/year
— Non-sentinel A(H3N2) — Sentinel A(H3N2)
F. Aggregate and strain-based genetic characterisations
of A(H3N2) viruses
80 7 — Aggr GEN A/Texas/50/2012 A(H3N2)
60l — Str GEN A/Texas/50/2012 A(H3N2)

Week/year

13



FIGURE 2

Phylogenetic and cluster analysis of available haemagglutinin 1 sequences, strain-based reporting of antigenic and genetic
characterisation data for influenza viruses, 11 European countries, influenza season 2013/14 (n=596)
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Through the sentinel and non-sentinel surveillance sys-
tems in EU/EEA countries, subsets of viruses, detected
across the season from different geographic locations
and from different demographic groups, are further
characterised by the National Influenza Centres (NICs)
for their antigenic and genetic properties, and antiviral
susceptibility. Smaller subsets of influenza virus posi-
tive specimens and virus isolates are sent by NICs to
a WHO Collaborating Centre for Influenza Reference
and Research (CC), mainly the WHO CC London, United
Kingdom, for detailed characterisation.

Historically, EU/EEA countries have reported aggre-
gate influenza virus detections by type and subtype,
together with influenza-like illness (ILI)/acute respira-
tory infection (ARI) consultation rate data from sentinel
primary healthcare providers to TESSy. Antigenic and
genetic characteristics for a subset of these viruses,
aggregated by week of sampling, have been reported
according to predefined categories, based on reference
viruses representing antigenic and genetic similarity
to either vaccine viruses or known antigenic/genetic
‘drift’ variants. Due to the aggregate format, patient
information (e.g. age, sex, vaccination or hospitalisa-
tion status) was not collected. The majority of coun-
tries reported age group-specific ILI/ARI rates without
being able to link them to age-specific virological data.
In 2004, strain-based reporting of influenza antivi-
ral susceptibility with epidemiological, demographic
and clinical information was introduced [5]. In the
2007/08 influenza season, this new system facilitated
rapid assessment of the spread of former seasonal
A(H1N1) influenza viruses showing clinical resistance
to oseltamivir due to neuraminidase (NA) H275Y amino
acid substitution [6].

Although there have been earlier studies on sever-
ity and its association with influenza subtypes [7-10],
there is limited evidence of risk factors for severe influ-
enza or influenza complications due to specific sub-
types and viruses [11]. To assess the disease burden
in different patient risk groups caused by influenza
viruses of various (sub)types with particular antigenic
and genetic characteristics, it is crucial from the public
health perspective to have detailed information about
the distribution of specific viruses in different risk
groups. This study piloted the integrated collection of
strain-based antigenic and genetic characterisation
data and epidemiological, demographic and clinical
information.

The objectives were: (i) to test the feasibility of collect-
ing influenza virus strain-based antigenic and genetic
data; and (ii) to assess the collected data and explore
the benefits of non-aggregate strain-based reporting.

Methods
Data collection

Respiratory specimens were obtained in the par-
ticipating countries as part of their routine influenza
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surveillance activities from week 40/2013 to week
39/2014. Sentinel general practitioners swabbed
patients with ILI and/or another ARI, with most meeting
the EU case definition for ILI and/or ARI [12], depending
on the country’s choice of syndrome under surveillance
and following the nationally agreed sampling protocol.
Non-sentinel specimens, mainly from hospital labo-
ratories, were also included. All specimens were ana-
lysed for the presence of influenza virus, by real-time
RT-PCR, at the local laboratory or the NIC. If specimens
were first analysed at a local laboratory, all or a subset
of influenza-virus-positive specimens or virus isolates
were sent to the NIC for further analysis of subtype or
lineage, antigenic characterisation by haemagglutina-
tion inhibition assay, and genetic characterisation by
sequencing of haemagglutinin (HA) genes. All partici-
pating laboratories take part in regular external quality
assessments of rapid detection, virus culture, antigenic
and genetic characterisation and antiviral susceptibility
analysis [13]. Within EISN, a target of characterising ca
10% of influenza detections has been agreed, although
depending on predominant virus (sub)type and inten-
sity of the epidemic, it is valid to characterise less than
10%. In addition, NICs sent smaller subsets of speci-
mens and virus isolates to the WHO CC in London for
more detailed characterisation. When selecting speci-
mens for characterisation, laboratories were expected
to include specimens with sufficient viral load, based
on their resources from all (sub)types, from different
age groups, surveillance systems, geographical loca-
tions and phases of the epidemic [14].

As part of the existing reporting scheme, countries
reported weekly aggregate virological influenza sur-
veillance and antigenic and genetic characterisation
data to ECDC. Prefixed, coded reporting categories
defined by WHO CC London were used for antigenic and
genetic characteristics which included vaccine viruses
and additional non-vaccine reference viruses with spe-
cific antigenic properties or specified HA amino acid
substitutions and phylogenetic clade (see Table 1 for
the categories).

In addition, for this pilot study, all EU/EEA countries
were invited to submit antigenic and/or genetic charac-
terisation data in strain-based format. The virus name,
e.g. A/Netherlands/2245/2013, acted as a unique
identifier and duplicated data from national and WHO
CC sources were merged. The epidemiological data
included variables: age, complication diagnosis, date
of onset, exposure to antiviral drugs, sex, hospitali-
sation, immunocompromised status, outcome, prob-
able country of infection and vaccination status. All
data for the 2013/14 influenza season were extracted
from TESSy on 15 January 2015. In addition, HA-gene
sequences of viruses for which database accession
numbers were reported were retrieved from the Global
Initiative on Sharing All Influenza Data (GISAID) EpiFlu
database.
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FIGURE 3

Proportions of influenza virus genetic clades by patient age, strain-based reporting of antigenic and genetic characterisation
data from (A) all reported cases with age from 11 European countries (n = 1,061) and (B) hospitalised non-sentinel cases
reported from eight European countries (n = 325), influenza season 2013/14
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Distribution of genetic clades between different age groups compared by Dunn’s test with Bonferroni adjustment, p values indicated for each
statistically significant comparison.

The 11 countries in panel A are Belgium, Finland, Germany, Greece, Ireland, Italy, the Netherlands, Norway, Portugal, Spain and Sweden.

The eight countries in panel B are Finland, Greece, Ireland, the Netherlands, Norway, Portugal, Spain and Sweden.
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TABLE 1

Strain-based reporting: numbers of influenza viruses by antigenic group and genetic clade, 11 European countries,

influenza season 2013/14

Antigenic group

Number (%)

Genetic clade

Number (%)

Number of viruses with
both antigenic and genetic

data

A/California/7/2009 (HiN1)pdmog 306 (46) A/St Petersburg/27/2011 (HiN1)pdmog 513 (46) 72
A(H1N1)pdmog not categorised o (0) A(HiN1)pdmog not categorised o (0) o

A/Texas/50/2012 (H3N2) 305 (46) A/Texas/50/2012 (H3N2) 519 (46) 52
A(H3N2) not categorised 11 (2) A(H3N2) not categorised o (0) 4

oozt e e loolst 50 4

B (Victoria-lineage) not categorised o (o) B (Victoria-lineage) not categorised o (o) o)

B/Massachusetts/02/2012 B/Massachusetts/02/2012

(Yamagata-lineage) 230) (Yamagata-lineage) 22(2) 1n
" ) s o 00 :

B (Yamagata-lineage) not categorised 3 (0.5) B (Yamagata-lineage) not categorised o (0) o

Total 659 Total 1,117 143

NA: not applicable.

Data analysis

Feasibility of strain-based reporting was assessed
through the pilot, looking at country-wide distribution
among participating countries and data completeness.
We also received comments on the feasibility of the
reporting by questionnaire.

Detection and characterisation data were plotted by
week of specimen collection over the influenza season
(week 40/2013 to week 39/2014) and timing of aggre-
gate and strain-based antigenic and genetic characteri-
sations were compared between detections from both
sentinel and non-sentinel data sources.

Nucleic acid sequences encoding the HA1 subunit were
subjected to cluster analysis of maximum-likelihood
phylogenetic trees using BioNumerics 7.5 software.
Furthermore, encoded HA1 subunit sequences were
checked for match to the signature amino acid substi-
tutions of the genetic categories that individual viruses
had been ascribed to. The resulting phylogenetic trees
were checked for misattributed viruses, as well as for
apparent clade patterns beyond the resolution of the
categories provided in the TESSy reporting scheme.
The European Reference Laboratory Network for Human
Influenza (ERLI-Net) reference HA1 encoding sequence
sets provided by WHO CC for the 2013/14 season were
used as reference sequences in the analysis. To better
understand the ongoing evolution of the viruses and in
order to check for the presence of groups that predomi-
nated in the following season, two A(H3N2) and one B/
Yamagata-lineage ERLI-Net reference viruses defined
for the subsequent 2014/15 season were also included:
A/Switzerland/9715293/2013(H3N2) (group 3C.3a); A/
Hong Kong/5738/2014(H3N2) (group 3C.2a); and B/
Phuket/3373/2013 (clade 3).

www.eurosurveillance.org

Extended virus characterisation was achieved by
including antiviral susceptibility data in the analysis.
To standardise interpretation and reporting of influ-
enza virus susceptibility to the neuraminidase (NA)
inhibitors (NAls) oseltamivir and zanamivir, WHO-
Antiviral Working Group definitions, based on half
maximal inhibitory concentration (IC50),were used [15].
Raw ICso data were converted into relative fold-change
values compared with the median of all data by virus
type or subtype and NAI to facilitate pooled analysis
of the data from all laboratories [16]. As influenza B
virus IC50 data varied widely between laboratories, the
fold-changes for influenza B viruses were calculated by
reporting laboratory. ICso fold-change data were gen-
erated to classify the viruses as with normal inhibition
(NI), reduced inhibition (RI) or highly reduced inhibi-
tion (HRI). Amino acid substitution data were analysed
against published data on specific amino acid substi-
tution in the M2 and NA proteins previously associated
with resistance to adamantane M2 ion channel block-
ers and Rl or HRI by NAls (oseltamivir and zanamivir),
respectively [17].

Patients were stratified into the following age
groups:<1 year, 1-5 years, 6—-19 years, 20—39 years,
40—-64 years and=65 years. Distribution of sex by
age group was tested for significance using the non-
parametric Kruskal-Wallis test. Distribution of genetic
clades in different age groups was compared by Dunn’s
test (multiple pairwise comparisons using rank sums)
with Bonferroni adjustment. The level of significance
was set at p<0.05.

17



Results

Participating countries, data completeness and
feasibility

Eleven of 30 EU/EEA countries participated in this
pilot: Belgium, Finland, Germany, Greece, Ireland, Italy,
the Netherlands, Norway, Portugal, Spain and Sweden.
However, Belgium did not report patient age and sex,
so Belgian cases were excluded from epidemiological
analysis. Data completeness is shown in Table 2. All
reporting laboratories found the reporting feasible and
recommended the use of it to other laboratories in the
questionnaire (data not shown).

Participating countries detected 15,669 influenza
viruses during the 2013/14 season of which 3,920 (25%)
were from sentinel and 11,749 (75%) from non-senti-
nel sources (Table 3). The same countries submitted
strain-based data for 1,633 influenza viruses (10% of
the detections): 586 (36%) were from sentinel sources
and 1,037 (64%) from non-sentinel sources (Table 3).
For 10 viruses (1%), the source was not declared.

In both sentinel and non-sentinel specimens, influenza
types A and B were detected and all type A viruses
were subtyped. Participating countries detected 9,779
(62%) A(H1IN1)pdmo9, 4,933 (32%) A(H3N2) and 957
(6%) type B viruses. Of the B viruses, lineage was
determined for 234 (24%), and of these, 218 (93%)
were B/Yamagata-lineage (Table 3).

Of the 1,633 viruses reported in the strain-based sys-
tem, 747 (46%) were A(HiIN1)pdmog, 779 (48%) A(H3N2)
and 107 (7%) type B viruses (Table 3). A slightly higher
proportion of viruses were characterised from sentinel
than from non-sentinel sources (Table 3).

Of the 1,633 viruses characterised, 516 (32%) were only
characterised antigenically, 974 (60%) only geneti-
cally and 143 (9%) both antigenically and genetically
(Table 1). For the latter, the antigenic and genetic char-
acterisation data were consistent. The participating
countries contributed unequally to the antigenic and
genetic characterisation data. Germany submitted 300
(45%) and Portugal 151 (23%) of the 659 antigenic char-
acterisation records, with other countries contributing
between one (0.2%) and 58 (9%) of the records while
Finland and Sweden submitted no antigenic data.
Spain contributed the most genetic characterisation
data, accounting for 513 (46%) of the 1,117 records,
with other countries providing details on between 10
(1%) and 125 (11%) viruses. Italy provided no genetic
characterisation data.

Antigenically and genetically characterised viruses
fell mainly in the A/California/7/2009 (HiN1)pdmog-
like (in the A/St Petersburg/27/2011 subgroup) and A/
Texas/50/2012(H3N2)-like reporting categories (46% in
each category), the A(H1N1) and A(H3N2) components
of the 2013/14 northern hemisphere influenza vac-
cines. Eleven A(H3N2) viruses were reported as ‘not
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categorised’ antigenically and would therefore be low
reactors or not reacting with antiserum against the ref-
erence virus. For four of these, the genetic category was
assigned as A/Texas/50/2012(H3N2). For the remaining
seven viruses, no additional genetic information was
available.

Type B viruses were detected in smaller num-
bers than influenza A viruses, and only 37 type
B viruses were characterised antigenically: 11 B/
Victoria-lineage viruses as B/Brisbane/60/2008-
like and 26 B/Yamagata-lineage viruses as B/
Massachusetts/o2/2012-like (n=23; 2013/14 vaccine
component) or as ‘not categorised’ (n=3), respectively.
Of the 85 B viruses characterised genetically, 13 were
B/Victoria-lineage viruses, and of the 72 B/Yamagata-
lineage viruses, 22 and 5o fell within clades repre-
sented by B/Massachusetts/o2/2012 (clade 2) and B/
Wisconsin/1/2010 (clade 3), respectively.

To analyse the distribution of characterisations over
the influenza season, we compared the number of char-
acterisations and detections by weeks. The influenza
season in the 11 participating countries occurred from
week 49/2013 to week 18/2014. The highest numbers
of detections of A(HiN1))pdmog viruses were reported
in week o04/2014 for sentinel sources and week
06/201¢4 for non-sentinel sources. A(H3N2) virus detec-
tions peaked in week 04/2014 for sentinel and week
08/2014 for non-sentinel sources (Figure 1). Although
B viruses were detected throughout the season, detec-
tions peaked in week 15/2014, originating mostly from
non-sentinel sources (data not shown).

For A(HiN1)pdmog viruses, similar reporting patterns
were seen for both phenotypically and genetically
characterised strains, with the majority being reported
in weeks 01-11/2014. Similarly, for A(H3N2) viruses,
the majority of strain-based reports were for viruses
detected in weeks 02—12/2014. Although low, the high-
est numbers of influenza B detections occurred during
weeks 04—21/2014. Antigenic characterisations of B
viruses were reported for weeks 40/2013-20/2014 and
genetic characterisations for weeks 40/2013-27/2014
(data not shown). Overall, the number of antigenic and
genetic characterisations followed the season progres-
sion for all virus (sub)types.

All 596 HA sequences (271 H1, 287 H3, 7 B/Victoria
and 31 B/Yamagata), for which accession numbers
had been provided in TESSy, were retrieved. Analysis
of genetic group-defining amino acid substitutions
and phylogenetic clades revealed that all sequences
available for this analysis were categorised in accord-
ance with the reporting scheme. However, a number
of sequences (71 A(HiN1)pdmog, 54 A(H3N2) and 6 B/
Yamagata) were excluded from the phylogenetic analy-
sis because they did not cover either full-length coding
regions of HA1 subunit for influenza A(H1) and (H3), or
HA1 amino acids 28-314 for type B/Victoria or 22-339
for type B/Yamagata.
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TABLE 2

Data completeness for reported variables, strain-based
reporting of antigenic and genetic characterisation data
for influenza viruses, 11 European countries, influenza
season 2013/14 (n=1,633)

Variable Number (%)

Virus (sub)type 1,633 (100)
Sex 1,577 (97)
Age 1,547 (95)
Hospitalisation status 1,147 (70)
Date of onset 1,052 (64)
Vaccination status 798 (49)
Patient given or not given antivirals before

collection of specimen 725 (44)
Probable country of infection 669 (41)
Immunocompromised status 521 (32)
Outcome (alive/dead) 521 (32)
Complication diagnosis 219 (13)
Household member given or not given

antivirals before collection of specimen 75(5)

For A(HiN1)pdmog viruses, all 271 sequences analysed
were correctly attributed to the broad genetic group
represented by A/St.Petersburg/27/2011, known as
group 6 in global influenza surveillance terminology.
No further distinction was available in the reporting
scheme. However, all viruses belonged to subgroup
6B, represented by reference viruses such as A/South
Africa/3626/2013 and A/Norway/2417/2013 (Figure
2A).

All A(H3N2) viruses were reported as belonging to the
group represented by A/Texas/50/2012 (the 2013/14
vaccine virus), a subgroup 3C virus subsequently
defined as representing the 3C.1 subdivision after the
2013/14 influenza season. Amino-acid signature and
phylogenetic cluster analysis confirmed that all avail-
able sequences were correctly attributed to subgroup
3C, but distributed within two subdivisions, 3C.2 and
3C.3. One virus (A/Norway/466/2014) clustered with
the antigenic drift variant A/Switzerland/9715293/2013
which was representative of genetic subgroup 3C.3a
viruses and is the recommended A(H3N2) vaccine
virus for the 2015/16 influenza season (Figure 2B). No
sequences clustered with another genetic subgroup,
3C.2a, associated with antigenic drift in the course of
the subsequent 2014/15 influenza season.

B/Yamagata-lineage viruses fell within the two circulat-
ing clades represented by B/Massachusetts/02/2012
(clade 2; vaccine virus 2013/14) and B/
Wisconsin/o1/2010 (clade 3). The majority was
attributed to clade 3. Consistent with this, avail-
able sequences clustered with these two groups and
were in all instances correctly attributed (Figure 2C).
Notably, the majority of clade 3 sequences closely
matched a recent reference virus, B/Phuket/3073/2013,
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recommended for use in southern hemisphere 2015
and northern hemisphere 2015/16 influenza vaccines.
All seven B/Victoria-lineage sequences clustered with
the clade 1A reference sequences of which the vaccine
virus, B/Brisbane/60/2008, is representative (Figure
2D)

Of the 1,633 viruses with antigenic and/or genetic
characterisation data, 678 (42%) were tested for neu-
raminidase inhibitor (NAI) susceptibility using genetic
and/or phenotypic methods: 349 A(HiN1)pdmog, 264
A(H3N2), 54 B/Yamagata-lineage and 11 B/Victoria-
lineage viruses. One A(HiN1)pdmog virus carrying
neuraminidase (NA) [223R amino acid substitution
showed reduced inhibition (RI) by oseltamivir. Two
others showed RI by zanamivir, only one of which was
sequenced and shown to carry NA S247| substitution.
One virus carried NA H275Y substitution which has
been associated with highly reduced inhibition (HRI)
by oseltamivir but it was not tested phenotypically.
One A(H3N2) virus showed RI by oseltamivir and zan-
amivir and one by zanamivir only. Both viruses were
sequenced but no amino acid substitutions previously
or potentially associated with Rl were identified. One B
virus showed RI by zanamivir (sevenfold) but no amino
acid substitution previously or potentially associated
with Rl was identified. For 8o cases with antiviral sus-
ceptibility data, antiviral treatment with oseltamivir up
to 14 days before specimen collection was reported,
including one case infected with an A(H3N2) virus
showing Rl by zanamivir. All other cases with indica-
tions of being infected with viruses showing RI or
HRI by a NAI, for which antiviral exposure status was
reported, had not received antivirals before specimen
collection. One case infected with A(HiN1)pdmog car-
rying NA S247N substitution was exposed to oseltami-
vir through a treated household contact.

Sex and age

The majority of the 1,547 cases for which age was
reported by 11 countries were adults aged 20-64
years (53%). The sex distribution did not vary signifi-
cantly across age groups (50% female and male, n =
1,535; p=0.1611). Age and genetic clade was avail-
able for 1,061 cases. A/St Petersburg/27/2011-like
A(H1N)pdmog viruses affected age groups<i year,
20-39 years and 40-64 years (65%, p=0.0111; 50%,
pP=0.0046; 55%, p=0.00001, respectively) more than
the =65 years age group (34%). A/Texas/50/2012-like
A(H3N2) viruses affected more of the =65 year olds
(62%; p=0.0012) than 20-39 year olds (44%). A/
Texas/50/2012-like A(H3N2) viruses affected the age
groups<1 year (26%; p=0.0014) and 40-64 years
(35%; p=0.00001) less than the age group=65 years
(Figure 3A).

Hospitalisation status and influenza virus subtype
were reported for 1,147 (70%) of 1,633 cases. Of these,
672 cases were reported from non-sentinel sources
and included reporting from 10 countries (Finland,
Germany, Greece, lIreland, Italy, the Netherlands,
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TABLE 3

Number of reported influenza viruses by (sub)type and source, 11 European countries, influenza season 2013/14

Aggregate Strain-based Characterised viruses as a
(virus detections) (virus characterisations) proportion of detections (%)
Influenza . " .
Sentinel on: Total Sentinel on- Unknown Total Sentinel on- Total
sentinel sentinel sentinel
A(HiN1)pdmog 2,089 7,690 9,779 237 505 5 747 11.3 7 8
A(H3N2) 1,714 3,219 4,933 311 464 4 779 18.1 14 16
B(lineage not
determined) 60 663 723 o] o] o] o] NA NA NA
B(Victoria) 7 9 16 9 11 o 20 129a 122a 125a
B(Yamagata) 50 168 218 29 57 1 87 58 34 40
Total detections
(aggregate)
or reports 3,920 11,749 15,669 586 1,037 10 1,633 15 9 10.4
(strain-based)
Number of
specimens tested | 11,631 112,571 124,202 NAb
for influenza

NA: not applicable.

2»100% as some of the B(lineage not determined) viruses were characterised at later dates and then reported by influenza B virus lineage.
® This category is not applicable to strain-based reporting as only influenza-positive specimens can be reported on; the number of ‘specimens’

is the total number of reports.

Norway, Portugal, Spain and Sweden). Patient age
and virus subtype/genetic clade information were
available for 325 hospitalised patients from Finland,
Greece, Ireland, the Netherlands, Norway, Portugal,
Spain and Sweden (Figure 3B). Influenza subtypes
and genetic clades associated with hospitalisation dif-
fered between age groups. Hospitalised cases in the
6-19 years age group and=65 years of age were most
frequently infected by A/Texas/50/2012-like A(H3N2)
viruses, 8/12 (67%; p=0.0494) and 58/111 (52%;
p=0.0005), respectively (Figure 3B). All other hospital-
ised cases were infected in higher proportions by A/
St Petersburg/27/2011-like (HiN1)pdmog viruses, with
rates of infection in children 6-19 (p=0.0306) and
adults=65 (p=0.0011) years of age being significantly
less than in 40-64 year olds.

Outcome

Among 521 of 1,633 cases with known disease outcome
(alive/dead) from six countries (Greece, Ireland, Italy,
Norway, Portugal and Spain), 41/521 (8%) died: 34/266
(13%) with A(HiN1)pdmog, 7/227 (3%) with A(H3N2)
and o0/28 cases with type B influenza. Overall, A(H1N1)
pdmog infection occurred in 34 of 41 fatal cases. The
majority of fatal cases were middle-aged and elderly
adults: 20 were=65 years old and 12 were between
40 and 64 years old. One infant aged<1 year (A(H1N1)
pdmog infected) and two children in the 6-19 age
group (A(H3N2) infected) died. No further information
was available for these patients.

Vaccination status

Vaccination status was known for 798 of the 1,633
cases from all 11 countries; 130 (16%) had been vac-
cinated with the influenza vaccine for the 2013/14
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influenza season. Among these, there were 400 (50%)
males and 396 (50%) females (two cases with unknown
sex). Vaccination coverage ranged from 4% in children
1-5 years of age to 45% among those =65 years of age.
None of the infants<1 year of age had been vaccinated.
Vaccination status and hospitalisation was known for
712 patients. Among 139 hospitalised cases, 34 (24%)
had been vaccinated against influenza. Of those vac-
cinated and hospitalised, 20 had an A(H3N2), 12 an
A(H1N1)pdmog and two a B/Yamagata infection. Of the
16 fatal cases for which vaccination status was known,
three had been known to be vaccinated. Two of these
cases were infected by A(H3N2) and one by A(H1N1)
pmdog virus. Due to limited data completeness for
outcome and vaccination status, no statistical analysis
was performed.

Other epidemiological variables

Exposure to antiviral drugs was reported as known for
725 of 1,633 cases, and of these 576 (79%) had not
been treated with antiviral drug. Of the cases reported,
492 of 521 (94%) were not immunocompromised and
29 had an underlying disease. The probable country of
infection varied among the cases. For 669 (41%) cases
this information was entered and 15 (2%) of the cases
had probably acquired their infection during travel
outside Europe (in Aruba, China, Indonesia, Israel and
Saudi Arabia).

Discussion

In this pilot study, TESSy was used to capture influenza
virus strain-based antigenic and genetic characterisa-
tion data allowing phylogenetic analysis and reporting
on the demographic information, outcome, vaccina-
tion status, immune status and the probable country
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of origin of the characterised viruses at the European
level for the first time. Strain-based data analysis
was feasible based on good data completeness for
variables such as virus subtype, patient age and sex.
Large and small countries from northern, southern and
western parts of EU/EEA reported data and the target
set for detailed characterisation of 10% of the viruses
detected was achieved.

Although the distribution of (sub)types in our study
was not exactly the same as the distribution in all EU/
EEA countries [18], all (sub)types were covered both in
our aggregate and strain-based data. We recognised
from past years’ data that the proportions of different
virus types/subtypes/lineages as well as the dominant
type/subtype/lineage can vary between countries each
season.

This pilot study showed that characterised viruses
were congruent with guidance on targeted sampling
for further characterisation: the data reported covered
all age groups and had no sex bias. However, in our
data, A(H3N2) viruses were slightly overrepresented
among those selected for characterisation (16% vs
10% for all subtypes). A(H3N2) viruses have proved
difficult to characterise antigenically in recent years
[19] and therefore greater effort has been put into their
characterisation.

In this pilot study, influenza virus types and subtypes
did not affect the sexes differently, but did differ across
age groups: A(HiN1)pdmog viruses predominated in
younger adults in the 20-64 years of age group as dur-
ing the 2009 pandemic and in infants < 1 year, while
A(H3N2) viruses predominated in patientsaged =65
years, school-aged children and teenagers. Although
vaccination status was reported, completeness was
low for underlying diasease and immune status, and
therefore no conclusions could be drawn on a possible
effect of vaccination on the age distribution.

It will be of interest to follow the trend for age distri-
bution among hospitalised cases over several seasons
to better understand the age-distribution of influenza
infection associated with severe infection by (sub)
types and strains. For the 2012/13 season when type
B viruses predominated across 12 European countries
(partly overlapping with this study), children 5-14
years of age were mostly infected by B viruses while all
other age groups showed an even distribution of influ-
enza A and B viruses [7].

Phylogenetic analysis was performed to understand
the evolution of the different sub(types) and lineages
in comparison to the vaccine strains and over the sea-
son. Overall, in the 2013/14 season, the genetic varia-
tion of circulating viruses was limited and most of the
viruses belonged to the same genetic category, and
were closely related to each other, in their respective
subtype/lineage. All A(HiN1)pdmog viruses clustered
in genetic subgroup 6B that contains viruses which we
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showed to remain antigenically similar to the vaccine
virus A/California/7/2009 [20]. The A(H3N2) viruses
have drifted through several influenza seasons and the
study population confirmed that the viruses circulating
in 2013/14 were closely related to the 2013/14 vaccine
virus, A/Texas/50/2012, within genetic group 3C.1 but
further evolution was seen by subdivision of viruses
to 3C.2 and 3C.3 clusters. Interestingly, among the
2013/14 season H3 sequences studied here, there were
no sequences already falling in the genetic 3C.2a subdi-
vision which was associated with antigenic drift in the
course of the 2014 southern hemisphere and 2014/15
northern hemisphere influenza seasons. Phylogenetic
analysis of the B/Yamagata viruses confirmed likewise
the clustering to two groups represented by the 2013/14
vaccine virus (B/Massachusetts/02/2012; clade 2) and
the 2015/16 vaccine virus (B/Phuket/3073/2013; clade
3). The circulating B/Victoria viruses remained closely
related to the B/Brisbane/60/2008 vaccine virus.

In this pilot study, 34/41 of fatal cases were related to
A(HiN1)pdmog infection, compared with 58% in eight
countries reporting outcomes through hospital surveil-
lance in 2013/14 [21]. In the hospital surveillance data,
many of the influenza viruses are reported without sub-
type and therefore no exact comparison is possible.
Overall, only 41 (3%) of the 1,633 viruses characterised
were from fatal cases which does not show a bias of
the data towards fatal case specimens being character-
ised. An earlier analysis of the 2013/14 season showed
that fatal outcomes occured mostly in adults»> 4o years
of age [21]; this pilot study showed the highest num-
ber of deaths in those=65 years of age. Based on our
limited data on severe infection, hospitalised cases
affected by A(H3N2) virus infection were mostly school-
aged children and the elderly, in line with the results of
the meta-analysis for seasonal influenza [11].

Limitations of this study were that: only 11 of the 30
EU/EEA countries agreed to participate, and only three
submitted data with indication of hospitalisation sta-
tus with both non-hospitalised and hospitalised cases
as most laboratories do not have the clinical infor-
mation; and NICs aim for good representativeness of
specimen selection but acknowledge selection biases
and constraints in terms of: (i) characterisation of more
A(H3N2) viruses as these viruses are currently drifting
rapidly and have become more difficult to culture and
characterise than A(HiN1)pdmog viruses; (ii) capturing
enough type B viruses to inform vaccine composition
recommendations; (iii) increased interest in hospital-
ised and severe cases/deaths; (iv) limited resources
and therefore focus on start, middle and end of sea-
son; (v) influenza surveillance systems may underes-
timate the cases in both ends of the age span due to
healthcare seeking behaviour and sampling at outpa-
tient clinics.

The extension of the existing antiviral strain-based

reporting scheme with genetic and antigenic character-
isation data was welcomed and supported by the pilot
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countries and it strengthens EISN as virological data
reported can be subjected to more detailed analysis
inclusive of the associated demographic and clinical
information. We consider this as a substantial improve-
ment over the previous aggregate reporting of antigenic
and genetic categories only. Strain-based reporting
also enabled early 2014/15 and 2015/16 influenza sea-
son analysis including HA phylogeny [22,23]. Through
more traditional hospital surveillance, only virus sub-
type information related to hospitalisation has been
reported by eight countries [24], but now genetic clade
can be associated with information on hospitalisation.

We recommend the strain-based reporting to all EISN
laboratories and we also recommend that laborato-
ries continue to select specimens for characterisation
across subtypes, geographic location and age groups,
related to indicators of clinical status. The same prin-
ciples as for selecting specimens to be sent to WHO
CCs for detailed characterisation and informing vac-
cine composition recommendations may be adopted
for national specimen selection [14]. Further, detailed
reporting may allow greater definition of risk groups
and support targeted vaccination and antiviral treat-
ment strategies, e.g. if data on underlying conditions
are included. The data should be combined with avail-
able hospital surveillance data as they may provide
new ways of looking into vaccine effectiveness that
has been low for A(H3N2) viruses in recent years [25].

The interplay between clinicians, epidemiologists and
virologists collecting this type of data with public
health specialists is crucial to ensure an even more
representative sampling scheme for virus specimens.
This will help to provide data for better estimates of
risk factors associated with influenza.

* Authors’ correction

The percentage marked with an asterisk was corrected, to
62%, at the request of the authors on 13 October 2016.
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To the editor: We wish to offer some cautionary
remarks concerning the report by Bruggink et al. [1].
From an initial reading of the article, one could get the
impression that the GIl.P4_New_Orleans_2009_Gll.4_
Sydney_2012 recombinant form has only been possibly
detected once before this study [2] and has - due to
indicated novelty — a yet unknown pandemic poten-
tial. However, the GIl.P4_New_Orleans_2009_Gll.4_
Sydney_2012 recombinant form has been reported
earlier, both by us [3] in 2013 as well as by others [4,5].
The ORF1-ORF2 intergenic sequence (KX064756.1)
submitted by the authors is almost identical (99.3%;
748 of 753 bp) to one of the sequences we submitted
to the National Center for Biotechnology Information/
GenBank in 2013 (KF199164.1), yet the authors only
show separate phylogenies of the ORF1 fragment and
capsid genes in their manuscript, masking the homol-
ogy with previously published intergenic sequences.

We further consider it misleading that the authors do not
mention that this recombinant form has been known to
be in circulation since late 2012 and also that no phy-
logeny was presented based on alignments between
their own ORF1/ORF2 spanning sequence (KX064756.1)
and similar sequences from earlier studies. This
gives the impression that no ORF1/ORF2 spanning
sequences from the GIl.P4_New_Orleans_2009_Gll.4_
Sydney_2012 are available in public databases, which
indeed they are.

Also, since this recombinant contains the Gll.4_
Sydney_2012 capsid region (which is the most likely
target for any acquired herd immunity), we find it
unclear how recombination with a (internal) pol gene
could be beneficial for the virus to escape the increas-
ingly acquired herd immunity against the Gll.4_
Sydney_2012 capsid region.
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Finally, we find that when the authors propose that
the Sydney 2012 has a potential to become a new pan-
demic norovirus strain, it is highly important to also
mention that it has been identified earlier and not give
the impression that this is the first report about this
recombinant strain.
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To the editor: We thank the authors of the letter to the
editor for their interest in our report of the detection
of a potential new epidemic strain of norovirus [1]. The
authors express some doubt as to the validity of our
claims of a possible new norovirus Gll.4 variant, since
the recombinant form (Gll.4_NewOrleans_2009/Gll.4_
Sydney_2012) has been reported previously in a num-
ber of instances, including by their own laboratory [2].
Nevertheless we stand by our proposal that a potential
new epidemic strain of Gll.4 norovirus has arisen, for
the reasons outlined below.

Firstly, we proposed that the new epidemic variant is
not the recombinant itself, but a derivative of it that
has altered enough, we think, to evade herd immunity.
The recombinant was not claimed to be in itself ‘new’,
but only the precursor of the altered version with epi-
demic potential. The ORF1-ORF2 sequence submitted to
GenBank, as cited in our publication [1], was of the first
detection of the recombinant in Victoria, Australia, and
was not the proposed new variant. That sequence was
used to properly establish the existence of the recom-
binant, as the sequence bridges both ORF1 and ORF2 in
one fragment. A full capsid sequence of the altered form
of the recombinant was lodged in GenBank (KX767083)
and, as cited in our publication [1], is 96.3% similar to
its closest counterpart Sydney_2012, which is within
the range of nucleotide difference presented by previ-
ous established epidemic variants, as calculated in our
publication [1].

Regarding only referencing work at the Centers for
Disease Prevention and Control (CDC) in the United
States [3] for previous detection of the recombinant
form, the reference was used purely because the
data refer to an altered version of Sydney_2012, the
‘Sydney_2015’ strain. In fact, the data [3] do not actu-
ally refer to the recombinant (Gll.4_NewOrleans_2009/
Gll.4_Sydney_2012), as the work only appears to
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be based on ORF2 data, as stated in our publication
[1]. Other references to the recombinant form (Gll.4_
NewOrleans_2009/Gll.4_Sydney_2012) were not
cited, as the publication was primarily about the pos-
sible detection of an altered form of the recombinant,
rather than the recombinant itself, and, importantly,
highlighted the time delay between detection of a new
variant and the resultant epidemic. We are not aware of
any publication, other than the CDC data [3], that refers
to an altered version of the recombinant or of Gll.4_
Sydney_2012 (ORF2) in general.

Finally, we agree that non-structural viral proteins may
not have a direct role in a virus escaping herd immu-
nity, but there is a sizeable literature on non-structural
viral proteins playing important roles in viral virulence,
of which the influenza non-structural protein 1 is but
one well-characterised example [4].
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