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In 2010, the European surveillance network for travel-
associated Legionnaires’ disease (ELDSNet, previously 
EWGLINET) received reports of 864 cases of travel-
associated Legionnaires’ disease, of whom 24 were 
reported to have had a fatal outcome. As in previous 
years, a very low proportion of clinical isolates were 
obtained (45 cases, 5.6%). In the 2010 dataset, male 
cases outnumbered female cases by 2.6:1 and had 
a median age of 61 years (range: 21–96), while the 
median age for women was 63 years (range: 12–95). 
The network identified 100 new clusters in 2010, of 
which 44 involved only one case from each reporting 
country and would probably not have been detected 
by national surveillance schemes alone. The largest 
cluster (having 14 cases) was associated with a cruise 
ship. Legionella species were detected at 61 of the 100 
accommodation site clusters investigated. The names 
of five accommodation sites were published on the 
ECDC website.

Introduction
Legionnaires’ disease is an uncommon form of pneu-
monia caused by Legionella bacteria. It has no par-
ticular clinical features that clearly distinguish it from 
other types of pneumonia, and laboratory investiga-
tions must be carried out to confirm the diagnosis. 
It normally takes between 2 and 10 days to develop 
symptoms (typically five to six days) but very rarely, 
some cases may take two to three weeks to develop 
symptoms. Patients usually start with a dry cough, 
fever, headache and sometimes diarrhoea and many go 
on to get pneumonia. People over the age of 50 years 
are more at risk than younger people, and males are 
more at risk than females. Effective antibiotic treat-
ment is available if the diagnosis is made early in the 
illness. Death due to the disease occurs in about 5% to 
15% of travellers who develop the disease, depending 
on their age and health status. Smokers are more at 
risk than non-smokers [1].

In April 2010, ELDSNet (European Legionnaires’ 
Disease Surveillance Network) was established, when 
the European surveillance scheme for travel-associ-
ated Legionnaires’ disease (EWGLINET) was trans-
ferred to the European Centre for Disease Prevention 

Box
European Union case definition of Legionnaires’ disease 

Clinical criteria: 

Any person with pneumonia.

Laboratory criteria for case confirmation:

At least one of the following three:

•	 Isolation of Legionella spp. from respiratory secretions or 
any normally sterile site; 

•	 Detection of Legionella pneumophila antigen in urine; 
•	 Legionella pneumophila serogroup 1 specific antibody 

response.

Laboratory criteria for a probable case:

At least one of the following four:

•	 Detection of Legionella pneumophila antigen in respiratory 
secretions or lung tissue, e.g. by DFA staining using 
monoclonal-antibody derived reagents; 

•	 Detection of Legionella spp. nucleic acid in a clinical 
specimen; 

•	 Legionella pneumophila non-serogroup 1 or other 
Legionella spp. specific antibody response; 

•	 L. pneumophila serogroup 1, other serogroups or other 
Legionella species: single high titre in specific serum 
antibody.

Epidemiological criteria:

At least one of the following two epidemiological links:

•	 Environmental exposure; 
•	 Exposure to the same common source.

Case classification

Possible case
NA 

Probable case
Any person meeting the clinical criteria AND at least one 

positive laboratory test for a probable case OR an 
epidemiological link. 

Confirmed case 
Any person meeting the clinical and the laboratory criteria for 

case confirmation.

DFA: direct fluorescent antibody; NA: not applicable.
Source:[2].

Individual cases of travel-associated Legionnaire
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and Control (ECDC) from the former coordinating cen-
tre in London. EWGLINET was established in 1987 by 
the European Working Group for Legionella Infections, 
making ELDSNet/EWGLINET the oldest European infec-
tious disease surveillance network. The added value of 
European surveillance has been clearly demonstrated 
since the late 80s [2-5]. The objectives of this article 
are to communicate the results of the surveillance of 
travel-associated Legionnaires’ disease in European 
Union (EU)/European Economic Area (EEA) Member 
States for cases with onset of disease in 2010. 

Methods
Legionnaires’ disease is a statutorily notifiable disease 
in all EU/EEA Member States. The EU case definition [2] 
is shown (Box).  

Individual cases of travel-associated Legionnaires’ 
disease are in most circumstances diagnosed and 
reported by the case’s country of residence to the 
European Surveillance System (TESSy) at ECDC. Case 
reports include age, sex, date of onset of disease, 
method of diagnosis and travel information for the dif-
ferent places where the case had stayed within two to 
ten days before onset of disease. After receiving the 
report, the TESSy database is searched to determine 

whether a new case should be classified as a single 
case or as part of a cluster, according to the following 
definitions used by the network.
A single case: a person who stayed at a public accom-
modation site in the two to ten days before onset of 
illness and the site has not been associated with any 
other case of Legionnaires’ disease in the previous two 
years. 

•	 A cluster: two or more cases who stayed at the same 
public accommodation site in the two to ten days 
before onset of illness and whose onsets were 
within the same two-year period. 

•	 If there are three or cases or more with onset of dis-
ease within the same three-month period, this is 
called a rapidly evolving cluster and a notification 
is sent to all tour operators. 

If there is a single case, a notification is sent to the 
country where the accommodation site is situated, with 
a copy to the reporting country. If the case is a part 
of a cluster, a notification is sent to all network mem-
bers. When the accommodation site is outside EU and 
when a specific contact person for ELDSNet is known, 
the country concerned is included as a recipient of the 
notification. All notifications, except those relating to 

Figure 1
Annual number of reported cases of travel-associated Legionnaires’ disease, EU/EEA countries, 1987–2010

EEA: European Economic Area; EU: European Union. 
Source: [5].
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domestic travellers, are also sent to the World Health 
Organization. 

When a cluster is detected, a full investigation is 
required at the accommodation site and preliminary 
results from the risk assessment and start of control 
measures should be reported back to ECDC within two 
weeks of the alert, using the standard operating pro-
cedures Form A [5]. The investigation is carried out by 
regional or local public health authority, depending on 
the national rules in each country. The investigation 
and risk assessment carried out are described in the 
EWGLI technical guidelines for the investigation, control 
and prevention of travel associated Legionnaires’ dis-
ease [4].

A second form, Form B, is then used to report the results 
of environmental sampling and the control measures 
applied at the site back to the coordinating centre in 
ECDC within a further four weeks, thus allowing six 
weeks in total for all investigations to be completed. 
If the forms are not returned within the time frames, 
or they report that actions and control measures are 
unsatisfactory, ELDSNet publishes the details of the 
site associated with the cluster on its website and tour 
operators are informed about the accommodation site 
being published. Information is removed from the web-
site when the investigations and control measures are 
reported to have been satisfactorily completed. If a 
cluster is associated with more than one accommoda-
tion site, it is noted as a ‘complex cluster’ and all sites 
stayed at by the cluster cases are subject to the same 
investigation procedures as described above.

The data presented here is also included in the annual 
surveillance report for Legionnaires’ disease 2010 [5].  
In 2010, there were no data from Germany, but they are 
now part of the travel-associated Legionnaires’ dis-
ease reporting scheme. 

We use in this article a similar reporting format as 
used in previous publications on travel-associated 
Legionnaires’ disease data, to facilitate comparison 
[6-9]. 

Results
A total of 864 cases of travel-associated Legionnaires’ 
disease with onset of disease in 2010 were reported to 
EWGLINET/ELDSNet. This is an increase (+5.6%) com-
pared with the 818 cases reported in 2009 [10], but 
does not reach the peak of 947 cases observed in 2007 
(Figure 1). 

Cases were reported from 19 EU/EEA countries (United 
Kingdom (UK) counted as one country) and two coun-
tries outside the EU (United States, 11 cases, and 
Croatia, 2 cases), as the cases were associated with 
accommodation sites in the EU. The countries that 
reported the most cases were France (n= 191), the UK 
(n=154), the Netherlands (n=148) and Italy (n=142) 
(Table). 

 Among the reported cases, 624 (72.2%) were male and 
240 (27.7%) were female, resulting in a male to female 
ratio of 2.6:1, which was almost identical to the ratio 
for 2009 (2.7:1) [10].

Cases were reported in all age groups except the 
youngest one, the median age being 61 years (range: 
21–96) in male cases and 63 years (range: 12–95) in 
female cases. The highest proportion of cases was in 
the 60–69-year age group (male cases: n=183; female 
cases: n=82). 

Outcome of illness was reported for 514 (59.5%) cases 
(voluntary reporting and different definitions are used 
in the reporting countries). Of these cases, 24 (4.7%) 

Table 
Cases of travel-associated cases of Legionnaires’ disease by 
reporting country, 2009–10

Reporting country
Number of reported cases

2009 2010 

France 163 191

United Kingdom 173 154

Netherlands 109 148

Italy 169 142

Spain 65 67

Denmark 34 32

Norway 21 25

Sweden 22 20

Austria 17 19

Belgium 12 16

United States 11 11

Finland 6 8

Ireland 2 7

Czech Republic 5 5

Malta 0 5

Luxembourg 2 3

Portugal 4 3

Hungary 2 2

Croatia 1 2

Latvia 0 1

Slovenia 2 1

Bulgaria 1 0

Others 0 2

Total 821 864

Source of 2009 data: The European Surveillance System (TESSy) 
data downloaded 5 August 2011.



5www.eurosurveillance.org

were reported to have had a fatal outcome, almost the 
same proportion reported in 2009. Of the four female 
cases who had a fatal outcome, one was aged 58 years 
and the other three were aged 82 years. The fatal cases 
among the 20 male cases were aged from 38 years up 
to 90 years-old; the majority of male cases with a fatal 
outcome were in the age group 60–69 years.

There is seasonal variation in the onset of travel-asso-
ciated Legionnaires’ disease: with more cases appear-
ing during late summer [6-9]. In 2010, the number of 
cases peaked in August, with 156 cases, followed by 
September, with 136 cases. January, February, March, 
April and December were the months when the lowest 
number of cases, approximately 30 per month, had 
onset of disease.

Microbiological analysis
A total of 809 (94%) cases in 2010 were reported as 
confirmed, according to the EU case definition. Of 
these, 45 (6%) were diagnosed by culture of the causa-
tive organism, a decrease from 10% in 2009. Of the 
culture-confirmed cases, 27 were also diagnosed by 
urinary antigen detection. The vast majority of con-
firmed cases (n=762, 94%) were diagnosed by detec-
tion of urinary antigen alone. A total of 10 cases (1%) 
were confirmed as being due to Legionella pneumoph-
ila serogroup 1 by specific antibody response. 

The remaining 55 (6%) cases were classified as prob-
able following presumptive diagnosis by single high 
titre (n=28, 3%), detection of Legionella spp. nucleic 
acid (n=19, 2%) and antibody response specific for 
L. pneumophila non-serogroup 1 or other Legionella 

Figure 2
Accommodation sites per destination country associated with cases of travel-associated Legionnaires’ disease, EU Member 
States and neighbouring countries, 2010

EU: European Union. 
Source: [5].
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spp. (n=8, 1.0%). Altogether, 672 (78%) cases were 
reported as being infected with L. pneumophila sero-
group 1, three with L. pneumophila serogroup 3, two 
with L. pneumophila serogroup 6, one with L. pneu-
mophila serogroup 12 and three with L. pneumoph-
ila mixed serogroups. Furthermore, 158 cases were 
reported as L. pneumophila serogroup unknown, 1 as 
Legionella bozemannii and 10 as Legionella species 
unknown. For 14 cases, the Legionella species was not 
reported. Sequence-based types were reported for 13 
cases (eight from Denmark, four from the UK and one 
from Austria).

Travel
The 864 reported cases had made 1,279 visits to 
accommodation sites around the world. 
They visited a total of 66 countries in the 2–10 days 
before onset of disease. A total of 654 (76%) cases trav-
elled within the EU: 621 cases visited only one Member 
State and 33 more than one. Some 20% (n=175) of 
cases travelled outside the EU: 166 to a single destina-
tion and 9 to more than one non-EU country. A total of 
30 cases (3%) went to both EU and non-EU destinations 
and 32 cases were associated with cruise ships.

 Italy was the country where most cases (n=209) were 
infected, followed by Spain (177 cases), France (172 
cases) and Turkey (48 cases). A total of 169 cases 
were French residents: 105 (62%) of them visited 

accommodation sites in France. Likewise, of the 119 
Italian residents reported with Legionnaires’ disease, 
105 (88%) had visited accommodation sites in Italy. 

The number of accommodation sites per destination 
country with cases of travel-associated Legionnaires’ 
disease is shown in Figures 2 and 3.

Clusters 
A total of 100 new clusters (74 in EU Member States 
and 26 outside the EU) were detected in 2010, involv-
ing 213 associated cases. The largest cluster was 
associated with a cruise ship and involved 14 associ-
ated cases. Italy had the highest number of clusters 
(n=24) followed by Spain (n=14), France (n=12) and 
Turkey (n=10). Altogether, clusters in the EU occurred 
in 13 Member States and on two cruise ships. Outside 
the EU, 26 clusters occurred in 16 countries and on one 
cruise ship.

Of the 100 clusters, 44 comprised single cases reported 
from two or more countries and would probably not 
have been detected without the European surveillance 
network. More than 50% of the clusters (n=51) were 
detected between July and September.

Complex clusters were more associated with accom-
modation sites in countries where organised tours to 

Figure 3
Accommodation sites per destination country associated with cases of travel-associated Legionnaires’ disease worldwide, 
2010

Source: [5].
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several tourist sites took place, such as China, India, 
South Africa and Thailand.
Six rapidly evolving clusters were detected: Greece 
(n=2), Italy (n=2), Spain (n=1) and on a cruise ship 
(n=1).
The number of clusters per destination country is 
shown in Figures 4 and 5.

Investigations and publication
All accommodation sites associated with a cluster 
of travel-associated Legionnaires’ disease ,situated 
within an EU Member State, should be investigated as 
described above. In 2010, 100 form Bs were returned to 
EWGLINET/ELDSNet, reporting detection of Legionella 
in 61 accommodation sites. The forms were returned 
not only by Member States but also by several non-EU 
countries, on a voluntary basis. However, for five sites, 

form B was not received or the form stated uncertainty 
regarding the control measures taken, so the names 
and locations of these sites were published on the 
ECDC website. 

Discussion
During 2006 to 2008, the number of cases of travel-
associated Legionnaires’ disease reported per year 
had varied from 866 to 947 [7-9]. Legionnaires’ dis-
ease is still underascertained in most European coun-
tries since specific testing for Legionella in patients 
with pneumonia is not a routine procedure [10]. 
Furthermore, use of urinary antigen detection as the 
only laboratory method will lead to underdetection of 
cases with Legionella non-pneumophila and non-sero-
group 1, since the method is designed to detect only 
L. pneumophila serogroup 1. It is estimated that only 

Figure 4
Clusters of cases of travel-associated Legionnaires’ disease per destination country in EU Member States and neighbouring 
countries, 2010

EU: European Union. 
Source: [5].
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10% of all cases of Legionnaires‘ disease are notified 
to public health authorities [10].

For several years, the four countries reporting the vast 
majority of travel-associated cases have been France, 
the UK, Italy and the Netherlands. This indicates high 
awareness of Legionnaires’ disease among clinicians 
in these countries. France and Italy also reported the 
highest numbers of cases in domestic travellers. 

The proportion of cases diagnosed by culture 
decreased from 10% in 2009 to 5.6% in 2010. However, 
the decrease was not so drastic when compared with 
the number of culture-confirmed cases from 2005 to 
2008, when the proportion varied from 4.9% to 8.2% 
[6-9)]. Nevertheless, clinicians should be encouraged 
to collect more specimens for culturing. It is important 
to be able to compare clinical isolates with environ-
mental isolates from different sampling sites, to iden-
tify the source of infection and prevent any subsequent 
cases. 

The case fatality rate for 2010 (4.7%) was lower than 
the 5.8–9.8% between 2006 and 2009. However, in 
more than 40% of the cases, the clinical outcome of 
the patient was unknown at the time of reporting. In 
the interest of timely reporting and implementation of 
control measures as soon as possible at the associated 

accommodation sites, this incompleteness of outcome 
data seems acceptable. 

The added value of ELDSNet is easier to quantify than 
for other similar European surveillance networks, in 
that 44% of the clusters reported would most prob-
ably not have been detected without ELDSNet. Some 
countries do take action when a single case is reported 
to be associated with an accommodation site in that 
country, but in most countries, action is only taken 
after a cluster notification. Therefore, ELDSNet clus-
ter notifications help to identify accommodation sites 
that might pose a risk to human health while the con-
trol measures implemented prevent further cases of 
Legionnaires’ disease. This is demonstrated by the fact 
that in 61 of the 100 accommodation sites reported to 
have been sampled, Legionella bacteria were identified 
in the water systems.

Despite the challenges and changes in reporting sys-
tems with transition of the network to a new coordi-
nation centre in April 2010, network members have 
continued to report cases in a timely manner and 
undertake cluster management in response to notifica-
tions. This highlights the dedication and considerable 
added value of this network for public health in Europe.

Figure 5
Clusters of cases of travel-associated Legionnaires’ disease per destination country worldwide, 2010

Source: [5].
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According to the Italian Surveillance System for 
Legionnaires’ disease (LD), physicians must fill in 
a form for every case and send it through the Local 
Health Units to the National Institute of Health 
(Istituto Superiore di Sanità, ISS). Forms reported in 
the period from 2000 to 2011 were analysed and dis-
cussed. A total of 9,803 cases of LD were reported to 
ISS during the study period. The median age of cases 
was 63 years, with a ratio male/female of 2.6 and a 
case fatality rate of 11.8%. The number of cases has 
been steadily increasing from 192 cases in 2000 to 
1,235 in 2010 and 1,008 cases in 2011. The reported 
cases showed a geographical gradient, with the high-
est number notified in the north and the lowest in the 
south. The majority of cases (73.0%) were community-
acquired, followed by travel-associated (13.5%) and 
healthcare-associated cases (9.3%), cases acquired 
in long-term care facilities (2.1%), and other types of 
exposure (2.1%). Even though the increasing trend of 
LD in Italy indicates an improvement in the ability to 
detect and report cases, the geographical gradient 
highlights the existence of low reporting areas where 
the epidemiological surveillance of LD should be fur-
ther strengthened.

Introduction
Legionella spp. is a ubiquitous intracellular microor-
ganism colonising natural and artificial aquatic envi-
ronments, which grows at temperatures of 25 to 42°C 
[1-2]. Presently, a total of 55 species and more than 
70 serogroups has been classified [3]; Legionella 
pneumophila serogroup 1 (Lp1) is the most frequently 
reported aetiological agent in community-acquired 
legionellosis, although also other serogroups, espe-
cially Lp4 and Lp6, are frequently involved in hospital-
acquired cases and outbreaks, as well as other species 
commonly indicated as Legionella species (L. anisa, L. 
bozemanii, L. dumoffii, L. longbeachae, L. micdadei) 
[4-9]. 

Legionnaires’ disease (LD) is a form of interstitial 
pneumonia that is normally transmitted via aerosol, 

i.e. inhalation of mist droplets containing the bacteria. 
The aerosol containing Legionella bacteria can be pro-
duced by contaminated water sources such as cooling 
towers, domestic hot-water systems, swimming and 
spa pools, fountains, respiratory therapy equipment, 
and other devices that tap into a public water supply. 
No inter-human transmission has been documented, 
therefore it can be presumed that natural and artificial 
aquatic environment is the only source of the infec-
tion. Individual risk factors such as long-term medical 
conditions, heavy smoking or alcohol abuse, and envi-
ronmental risk factors may influence the likelihood to 
develop the infection. The problem is particularly rel-
evant in contaminated healthcare facilities because the 
onset of the disease and its outcome are influenced 
by the patient’s pre-existing pathologies and level of 
immunocompetence [9,10]. In addition, medical equip-
ment, if not adequately treated, can also be a potential 
source of infection in hospitals (endoscopes, food or 
nasogastric tubes, devices for artificial respiration and 
oxygen therapy, dental tools, etc.) [10].

Recently, the need to strengthen epidemiological sur-
veillance programmes, to improve diagnostic tech-
niques and to set up preventive measures, e.g. the 
search for sources of infection, periodical controls 
of drinking water supply systems, and installation of 
effective disinfection systems, have become a priority 
[9-15].

The European Working Group for Legionella Infections 
(EWGLI) was established in 1986 with the objective 
of carrying out international surveillance of travel-
associated LD. EWGLI was coordinated by the Health 
Protection Agency in London from 1993 to the end of 
March 2010, when the European Centre for Disease 
Prevention and Control (ECDC) took over the man-
agement. Since then, it has been named European 
Legionnaires’ Disease Surveillance Network (ELDSNet) 
and it involves all 27 European Union (EU) Member 
States, Iceland and Norway [16].
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In Italy, epidemiological surveillance for LD started 
in 1983, when the Legionellosis National Registry 
was established and managed by the Italian National 
Institute of Health (Istituto Superiore di Sanità, ISS); 
notification of LD became mandatory in 1990. Since 
then, the number of sporadic and epidemic cases has 
been growing constantly, but the increase seems due 
to better reporting and/or improved diagnosis rather 
than to an increased incidence of the disease [9,17,18].

The objective of this paper is to present the results of 
the Italian surveillance programme during the period 
from 2000 to 2011.

Methods

Surveillance system 
According to the National Surveillance of LD, for each 
case of LD diagnosed in Italy, physicians must fill in a 
surveillance form and send it to the Local Health Units 
(LHU). The LHU has to start investigations of the epi-
demic and the environment. The LHU staff interview 
cases and their relatives to assess risks of contracting 
LD, to find out about sources of exposure and other 
LD cases potentially connected to a common source. 
Potential sources of contamination are investigated 
and, jointly with the Local Agency for the Environment, 
water samples are collected for laboratory analysis. 
The completed notification form is then sent to the ISS, 
which monitors trends, studies the epidemiological 
characteristics of LD patients, and looks for clustered 
cases not identifiable at the local level.

The form reports the patients’ socio-demographic data 
(age, sex, place of residence), clinical data (date of 
symptom onset, date of hospitalisation, patient out-
come), risk factors, patient lifestyle before disease 
onset (exposure to any of the following settings dur-
ing the 10 day-incubation period preceding symptom 
onset: hospitals, dental outpatient clinics, prisons 
and barracks, hotels, campsites and other recreational 
facilities such as spas, swimming pools, etc.), labora-
tory diagnostic tests, and whether an environmental 
investigation has been carried out. 

The forms sent to ISS are classified according to the 
case definition as confirmed or probable LD, and as 
community-, hospital- or travel-associated LD, and are 
entered in a specific database and analysed. Moreover, 
all cases of travel-associated LD that occurred in for-
eign travellers who had visited Italy in the 10 days 
before onset of the disease, and that are reported to 
ISS by ECDC in the same period, are entered in the 
database and analysed [16].

The role of the National Reference Laboratory for 
Legionella in the epidemiological surveillance is to con-
firm LD diagnosis, when the regional reference labora-
tories lack sufficient capacity to perform the required 
assays and to carry out molecular typing and matching 
of clinical and environmental strains.

Case definition
According to the national Guidelines for Legionella spp. 
Control and Prevention [14], a confirmed case of LD is a 
patient presenting clinical and/or radiological signs of 
pneumonia associated with at least one of the follow-
ing laboratory criteria: (i) isolation of Legionella spp. 
from a culture of bronco-pulmonary secretions, (ii) a 
four-fold increase in IgG antibody titres for L. pneu-
mophila 1, and (iii) a positive urinary antigen test. 

A probable case is a patient presenting clinical and/or 
radiological signs of pneumonia associated with a sin-
gle high level of specific antibodies to L. pneumophila 
1 (≥1:256), or a positive direct immunofluorescence 
test, or a positive PCR.

In healthcare settings (hospitals and care homes for 
the elderly), a definite healthcare-associated case 
is an LD case that occurred in a patient continuously 
hospitalised during the 10-day period before symptom 
onset. If hospitalisation has not been continuous, the 
case is considered as a possible healthcare-associated 
case. A healthcare-associated cluster is defined by two 
or more probable or confirmed cases who stayed in the 
same hospital in the period two to 10 days before the 
symptom onset and whose symptom onset was within 
the same six-month period [14].

Travel-associated single cases are defined as cases 
who, in the ten days before onset of the illness, stayed 
at or visited an accommodation site never before asso-
ciated with cases of LD, or cases who stayed at an 
accommodation site linked to other cases of LD that 
occurred more than two years previously [13]. A travel-
associated cluster is defined by two or more cases who 
stayed at or visited the same accommodation site in 
the period two to 10 days before symptom onset and 
whose symptom onset was within the same two-year 
period [13].

The term re-offenders, according to the EWGLI defini-
tion [19], applies to those accommodation sites (hotels, 
campsites, apartments, etc.) that are found to be asso-
ciated with at least one further case within the same 
two-year period after a cluster had been detected and 
investigated.

An outbreak is defined as the occurrence of a mini-
mum of 10 cases of LD who are associated in time and 
place and share a common exposure to a contaminated 
source.

Data analysis 
Results are expressed as median and interquar-
tile range (IQR) or as frequencies and percentage. 
Differences among percentages were assessed by the 
chi-square test or, when appropriate, by chi-square 
test for trend. Data were also analysed by sex and 
geographical area. Northern Italy included the regions 
of Piedmont, Lombardy, the Autonomous Province of 
Trento, the Autonomous Province of Bolzano, Veneto, 
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Friuli Venezia Giulia, Liguria, and Emilia-Romagna; 
central Italy included Tuscany, Umbria, Marches, and 
Lazio; southern Italy included Abruzzo, Molise, Apulia, 
Calabria, Sicily, and Sardinia. 

The annual incidence of LD per million population was 
calculated using the Italian population data provided 
for the corresponding year by the National Institute 
of Statistics (ISTAT) [20]. All statistical analyses were 
performed using STATA software version 11.2 (STATA 
Corporation, College Station, Texas, United States). 

Results

Case characteristics 
During the study period, a total of 9,803 cases of LD 
were reported to ISS (annual mean: 817; range: 192–
1,235). The median age of cases was 63 years (IQR: 
24 years), 7,068 (72.1%) were male and 2,735 (27.9%) 
female, a male/female ratio of 2.6. Figure 1 shows the 
incidence rates per 1 million population of LD cases by 
sex and age group. Overall, 9,295 (94.8%) cases were 
confirmed. The number of cases has been increasing 
steadily during the study years: 192 cases were noti-
fied in 2000, a three-fold increase was identified in 
2002, and a further two-fold increase was registered in 
2008, reaching a peak of 1,235 cases in 2010. In 2011 
a small decrease was registered with 1,008 notified 
cases (Table). 

 A statistically significant upward trend was observed 
in the 12-year surveillance period (p<0.0001). When 
analysing the data by geographical area (northern, 
central and southern Italy), a similar upward trend was 
observed for each area (p<0.0001) (Figure 2). Indeed, 

the overall annual incidence increased from 3.4 per 
million inhabitants in 2000 to 16.6 per million inhabit-
ants in 2011 (Figure 2), with a mean annual growth rate 
of 20.1% (range: 18.3−92.4%). 

However, the reported cases showed a consistent 
and significant geographical gradient, with the high-
est number notified in the north and the lowest in the 
south, which did not change during the study period. 
In the northern regions, incidence increased from six 
cases per million inhabitants in 2000 to 25.1 cases per 
million inhabitants in 2011, in the central regions from 

Figure 1
Incidence rates per 1 million inhabitants of Legionnaires’ 
disease cases by sex and age, Italy, 2000–2011 (n=9,803)
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Table
Legionnaires’ disease cases diagnosed by year and exposure, Italy, 2000–2011 (n=9,803)

Year Community-
acquired Travel-associated Healthcare-

associated
Other healthcare 

facilities Other exposures Total

2000 121 (63.0%) 27 (14.1%) 40 (20.8%) 3 (1.6%) 1 (0.5%) 192

2001 211 (63.8%) 60 (18.1%) 53 (16.0%) 1 (0.3%) 6 (1.8%) 331

2002 455 (71.4%) 90 (14.1%) 76 (11.9%) 4 (0.6%) 12 (1.9%) 637

2003 449 (71.7%) 85 (13.6%) 74 (11.8%) 7 (1.1%) 11 (1.8%) 626

2004 427 (69.9%) 69 (11.3%) 98 (16.0%) 8 (1.3%) 9 (1.5%) 611

2005 664 (76,3%) 104 (12.0%) 70 (8.1%) 14 (1.6%) 18 (2.1%) 870

2006 654 (69.9%) 151 (16.1%) 87 (9.3%) 13 (1.4%) 31 (3.3%) 936

2007 663 (69.5%) 159 (16.7%) 89 (9.3%) 16 (1.7%) 27 (2.8%) 954

2008 898 (75.1%) 143 (12.0%) 94 (7.9%) 30 (2.5%) 31 (2.6%) 1,196

2009 864 (71.6%) 168 (13.9%) 102 (8.5%) 41 (3.4%) 32 (2.7%) 1,207

2010 986 (79.8%) 126 (10.2%) 65 (5.3%) 42 (3.4%) 16 (1.3%) 1,235

2011 771 (76.5%) 137 (13.6%) 65 (6.5%) 28 (2.8%) 7 (0.7%) 1,008

Total 7,163 (73.1%) 1,319(13.5%) 913 (9.3%) 207 (2.1%) 201(2.1%) 9,803
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3.1 to 16.6 per million inhabitants, and in the southern 
regions from 0.3 to 5.5 per million inhabitants. Figure 3 
shows the incidence rate by region in 2000 and 2011. 
When comparing the annual incidences in the three 
geographical areas, a statistically significant differ-
ence was observed for the entire study period, except 
for the year 2005 when the incidences in northern 
and central areas did not differ statistically (p=0.739) 
because two regions belonging to the central area 
reported a higher number of cases than usual (the 
reason is unknown since no outbreak were detected) 
(Figure 2). 
 
Among the 9,803 notified cases, 5,326 (54.3%) 
reported at least one underlying disease. Chronic dis-
eases, including respiratory or cardiac diseases and 
diabetes, were reported in 3,735 (70.1%) of these, can-
cer in 766 (14.4%), infectious diseases in 304 (5.7%), 
organ transplantation in 114 (2.1%), immunosuppres-
sive condition in 74 (1.4%) cases, and other diseases 
in 333 cases (6.3%). 

Stratifying cases by age, 3,278 out of 9,803 (33.4%) 
were older than 70 years. In this age group the propor-
tion of individuals with underlying disease was 73.3%, 
significantly higher than among younger individuals 
(48.6%; p<0.0001). 

The main risk factor was tobacco smoke, which was 
reported in 4,163 of 9,803 patients (42.5%).

Cases by setting
When analysing the cases by setting, the major-
ity (7,163, 73.0%) were community-acquired cases, 

followed by 1,319 (13.5%) travel-associated cases, 
913 (9.3%) healthcare-associated cases of whom 881 
were confirmed and 32 were probable, and 207 (2.1%) 
cases acquired in long-term care facilities. Some 201 
(2.1%) cases reported other types of exposure such as 
swimming pools, dental outpatient clinics and prison 
(Table). 

The annual number of healthcare-associated cases 
increased during the surveillance period from 40 cases 
in 2000 to a maximum of 102 cases in 2009. However, 
due to a more evident increase in the percentage of 
community-acquired cases, the proportion of health-
care-associated cases diagnosed decreased signifi-
cantly. In fact, the percentage of community-acquired 
cases increased from 63% in the year 2000 to a maxi-
mum of 79.8% in 2010, while healthcare-associated 
cases decreased from 20.8% to 5.3%. 

During the study period, the 913 reported healthcare-
associated cases involved 228 hospitals. The mean 
number of cases per hospital was 4.0 (range: 1–82), 
whereby 116 hospitals were associated with only one 
case, 42 reported only sporadic cases (more than one 
case with no epidemiological link), and 70 reported at 
least one cluster. Of the latter, 29 hospitals were asso-
ciated with repeated clusters up to a maximum of eight, 
and overall, the 70 hospitals reported 666 healthcare-
associated cases.

Also the number of travel-associated LD cases that 
occurred in Italian tourists hospitalised in Italy rose 
during the study period, with some fluctuation from 
27 cases in 2000 to a maximum of 168 cases in 2009 

Figure 2
Legionnaires’ disease incidence by year of onset and geographical area, Italy, 2000–2011 (n=9,803)
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(Table and Figure 4). Moreover, EWGLI/ELDSNET 
reported to ISS that 904 travel-associated LD cases 
occurred in foreign tourists travelling to Italy; also the 
number of these cases increased steadily during the 
study period, reaching a peak in 2007 (Figure 4). 

The category Other exposures showed a peak in 2006 
of 3.3% of the total cases. It should be noted that 
among these, the most frequently reported exposures 
during the entire study period were dental outpatient 
clinics (39.3%) and swimming pools (41.8%).

From 2002, when the European Guidelines for Control 
and Prevention of Travel Associated Legionnaires’ dis-
ease were enforced in Europe and consequently also 
in Italy, to 2011, 320 Italian accommodation sites were 
associated with clusters of LD, 79 of which were re-
offenders. The number of clusters increased gradually 
from 2002, and peaked in 2007, when 71 clusters were 
notified (of which 20 occurred in re-offending sites). 
From 2008, the number of clusters started to decrease, 
and in 2011, 46 accommodation sites were reported 
(of which 14 were re-offenders). The largest cluster of 

TALD occurred in 2011 in a touristic area in northern 
Italy, involving 17 tourists from five European countries 
who had stayed in five accommodation sites [21].
According to EWGLI Guidelines [13], all these accom-
modation sites underwent a risk assessment and envi-
ronmental controls, and 191 of the 320 sites tested 
positive for Legionella spp. Investigation results were 
reported within six weeks to EWGLI/ELDSNET.

Diagnostic methods and disease outcome
Overall, 92.5% of cases were diagnosed by urinary 
antigen test, which was the most used diagnostic 
method. Culture was performed in 2.3% of cases, 
while a four-fold increase in antibody, a single anti-
body titre, PCR and direct immunofluorescence were 
used in, respectively, 3.0, 7.4, 0.4 and 0.1% of cases 
(some cases may have been diagnosed with more than 
one method). Some 94.3% of cases were diagnosed by 
only one laboratory method, two methods were used 
in 5.4%, and three in 0.2% of cases. The use of diag-
nostic techniques evolved over time with an increasing 
proportion of urinary antigen testing (50.5% in 2000 
versus 94.0% in 2011; p<0.0001) used as the only one 

Figure 3
Legionnaires’ disease incidence rate per 1 million inhabitants by region, Italy, 2000–2011 (n=9,803)

25.1  

21.4  

24.7  

13.6  

36.6  12.2  

16.8  

23.4 

21.7  

90  15.4  

12.3  

11  9.7  
3 

7.9  3.9  
8.5  

3  

4  

4.2  

3.4  

3.5  

0 

1.9  

7.9  
1  

10.7  

0 

0 

3.2 
3.4 

0 

3.1  0 

0 

0.3  0.2  
0 

0 

0.2  

1.2  

2000 2011

0−0.9
1−4.9
5−9.9
10−19.9
≥20

incidence rate per 1 
million inhabitants



15www.eurosurveillance.org

diagnostic method. By contrast, the use of culture as 
a unique method has decreased from 3.6% in 2000 to 
1.9% in 2011 (p=0.001). 

The outcome of the disease in the study period was 
reported for 50.7% of the cases, with a case fatality 
rate of 11.8% (annual range: 8–17%) and with no differ-
ences by sex (p>0.05). 

Community outbreaks
During the study period, three major community out-
breaks occurred and were thoroughly investigated. In 
the two months from 15 August to 18 October 2003, 15 
cases of LD were reported in the city of Rome. In order 
to identify sources of exposure to Legionella, environ-
mental investigations were made along with a matched 
case–control study. This brought to light that people 
who were regular customers at a certain department 
store in the area had an almost 10-fold greater risk 
of contracting the disease (odds ratio: 9.8; 95% con-
fidence interval: 2.1–46.0). An Lp1 was found in the 
store’s cooling tower. The cause of the epidemic was 
a single strain of Lp1, and this finding was supported 
by phenotypic and genotypic analysis conducted on 
human and environmental isolates; the cooling tower 
was shown to be the origin of the infection [22].

From 20 July to 31 August 2006, an outbreak of 15 con-
firmed LD cases was detected in Venice. Extensive 

epidemiological and environmental investigations 
were conducted to identify the possible source of the 
outbreak; however, the lack of clinical specimens to 
match with environmental isolates prevented identifi-
cation of the source of infection. Nevertheless, disin-
fection of the cooling towers identified as positive for 
Legionella spp. in the city centre was performed and no 
more cases were observed. 

From 21 December 2005, the number of LD cases noti-
fied by the city of Cesano Maderno (a town with 30,000 
inhabitants in the north of Italy) started to increase, and 
by 2 March 2008, 40 confirmed LD cases had been noti-
fied, with an annual local incidence ranging from 400 
to 700 cases per 1 million population. Epidemiological 
and environmental investigations started in early 2006 
and, in spite of the huge number of air and water sam-
ples collected from the patients’ homes, industrial and 
public building cooling tower, as well as the municipal 
water system, clear evidence of the source of infection 
was never obtained, even though 49% of the patients’ 
homes tested positive for Lp1 and the only two clinical 
strains available had the same genomic profile (ST23) 
as those cultured from 11 houses, suggesting that the 
household water systems were a possible source of 
infection. In spite of extensive prevention measures 
adopted nowadays, cases are still being reported, and 
the incidence rate in Cesano Maderno continues to be 
much higher than anywhere else in Italy.

Figure 4
Travel-associated Legionnaires’ disease, Italy, 2000–2011 (n=1,319)
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Discussion 
The 12-year epidemiological surveillance data show 
that in Italy there has been a substantial increase of 
reported LD cases. This increase reflects the increased 
incidence registered all over Europe [23]. Moreover, 
while in 2000 and 2001, the incidence rate in Italy was 
lower than the European average (3.4 and 5.8 per mil-
lion inhabitants versus 5.4 and 7.6 per million inhab-
itants, respectively, for 2000 and 2001), since 2002 it 
has been higher than the European rate, with a peak 
in 2010 (20.5 per million inhabitants versus 12.4 per 
million inhabitants) [17]. In 2010, only the Netherlands, 
Spain, France, Slovenia, and Denmark showed higher 
incidence rates than Italy; nevertheless, the differ-
ences between countries must be discussed with cau-
tion, because there are many factors that influence 
notification rates, such as the practitioners’ aware-
ness, the compliance of clinicians with the surveillance 
system, and the effect of local regulations or guidelines 
on prevention measures [24]. In spite of the increasing 
reporting trend, the reported incidence rate in Europe 
is still lower than the true rate, which is estimated to 
be 100 cases per million inhabitants [25], and several 
countries, in particular in south–eastern Europe, are 
still reporting less than one case per million. 

Our study highlights that in Italy, the proportion of 
cases associated with different exposures has changed 
over time. The percentage of community-acquired 
cases increased from 63.0% in 2000 to 76.5% in 2011, 
while healthcare-associated and travel-associated 
cases decreased from 20.8% to 6.4% and from 14.0% 
to 13.5%, respectively, in the same years. The reduc-
tion in travel-associated LD cases may be the result of 
an improvement in control and prevention measures 
implemented in hotels and other accommodation sites 
in accordance with the enhanced surveillance imple-
mented in the European Member States that participate 
in EWGLINET in the past and to ELDSnet since 2010. 
 In the past few years, greater attention has also been 
paid to the prevention and control of legionellosis in 
healthcare facilities in Italy, although the problem of 
healthcare-associated legionellosis remains relevant, 
highlighting the difficulty in eradicating the microor-
ganism from the water systems, despite regular main-
tenance and monitoring [9]. 

The observed increase in the number of cases of com-
munity-acquired LD in Italy is the positive outcome of 
enhanced surveillance and improved diagnostic capac-
ity developed in the past decade. However, despite the 
impressive increase in case detection, the incidence is 
still being underestimated especially in the southern 
regions of the country as highlighted by the findings of 
a capture/recapture study conducted in 2002 [26] and 
a study on LD diagnostic capacity conducted in 2006 
[27], which underlined that the level of clinical aware-
ness regarding legionellosis is still low and the report-
ing, although compulsory, is still missed too often. 
Although the importance of screening for legionellosis 
of all pneumonia cases reporting risk factors for the 

disease is underlined every year in the annual report 
on legionellosis in Italy, and several training courses 
for health professionals have been organised both at 
central and local level, many physicians, especially 
in southern Italy, still may feel that it is not neces-
sary to confirm the aetiological diagnosis of pneumo-
nia as LD in order to treat it. However, from a public 
health perspective it is important to confirm the diag-
nosis and report individual cases, so that they can be 
fully investigated and possible clusters or outbreaks, 
whether community-, healthcare- or travel-associated, 
can be identified. The study on LD diagnostic capac-
ity, conducted in a random sample of a third of the 
Italian hospitals, showed that only 68% of hospitals 
in the country (and 37.5% in southern Italy) were able 
to perform at least one diagnostic test for LD [27]. In 
addition, more than 50% of the hospitals were able to 
diagnose LD by urinary antigen and/or serology test, 
while only 29% of the hospitals were able to perform 
Legionella spp. isolation.

These findings were consistent with surveillance data 
which showed that more than 80% of cases were diag-
nosed in only five regions located in the north and 
centre of Italy and that some southern regions had not 
notified a single case. At the same time, it should be 
noted that geographical variation in LD incidence rate 
could partly be related to the climate and meteorologi-
cal conditions, as recently suggested for other acute 
respiratory infections [28].

The great majority of the European outbreaks described 
are related to cooling towers [29-31], and also in Italy, 
the few community outbreaks that occurred were due 
to this exposure. For this reason, many European coun-
tries are implementing new regulations for cooling 
towers, including their compulsory registration at local 
and regional level. These control measures are show-
ing encouraging results [23]. In Italy, no registration is 
required for cooling towers; consequently an easy and 
rapid investigation is not always possible.

With regard to diagnostic methods, more than 90% 
of cases were diagnosed by urinary antigen detec-
tion only. It is important to underline that the use of 
urinary antigen test alone for LD diagnosis can lead 
to an underestimation of the burden of the disease, 
because pneumonias caused by Legionella spe-
cies or serogroups different from Lp1 are not always 
detected by this method. Therefore, while recognising 
the usefulness of the urinary antigen test, it is neces-
sary that isolation is also attempted in all patients. In 
2010, according to data provided by ECDC, 652 cases 
in Europe (10.3% of the total) were culture-confirmed; 
however, this proportion varied from 0 (in several 
countries) to 39.8% (Denmark), and Italy is in the lower 
part of this range [24]. Culture should, therefore, be 
attempted and promoted, since it is a precondition for 
matching clinical and environmental isolates during 
cluster or outbreak investigations carried out to find 
the source of infection.
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Furthermore, bacterial culture of clinical specimens 
should be promoted since the lack of clinical sam-
ples makes the identification of the source of infec-
tion impossible in those accommodation sites where 
positive environmental samples have been obtained. 
An environmental sample positive for Legionella spp. 
is not sufficient to determine the source of infection, 
although the likelihood of a certain accommodation 
site being the source increases when clusters of two or 
more cases associated with the same accommodation 
are reported.

To reduce underestimation of the disease and to better 
control Legionella spp. environmental diffusion, epide-
miological surveillance must be further strengthened 
in Italy, diagnostic tests should be made available in 
all hospitals, especially in low reporting areas, and cul-
ture should be performed whenever possible.
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In 2010/11, the influenza season in England was 
marked by a relative increase in impact on the popu-
lation compared to that seen during the 2009/10 
pandemic, with the same influenza subtype, A(H1N1)
pdm09, circulating. The peaks in critical care bed 
occupancy in both seasons coincided with peaks in 
influenza A(H1N1)pdm09 activity, but onset of influ-
enza in 2010/11 additionally coincided with notably 
cold weather, a comparatively smaller peak in influ-
enza B activity and increased reports of bacterial co-
infection. A bigger impact on critical care services was 
seen across all regions in England in 2010/11, with, 
compared to 2009/10, a notable age shift in critical 
care admissions from children to young adults. The 
peak of respiratory syncytial virus (RSV) activity did 
not coincide with critical care admissions, and regres-
sion analysis suggested only a small proportion of 
critical care bed days might be attributed to the virus 
in either season. Differences in antiviral policy and 
improved overall vaccine uptake in 2010/11 with an 
influenza A(H1N1)pdm09 strain containing vaccine 
between seasons are unlikely to explain the change in 
impact observed between the two seasons. The rea-
sons behind the relative high level of severe disease 
in the 2010/11 winter are likely to have resulted from a 
combination of factors, including an age shift in infec-
tion, accumulation of susceptible individuals through 
waning immunity, new susceptible individuals from 
new births and cold weather. The importance of fur-
ther development of severe influenza disease surveil-
lance schemes for future seasons is reinforced.

Introduction
Following the emergence of the novel pandemic influ-
enza A(H1N1)pdm09 virus in April 2009, the United 
Kingdom (UK) experienced two waves of pandemic 
virus activity in summer and autumn 2009 resulting in 
widespread infection in the population, particularly in 
younger age groups with 65% of 5 to14 year-olds esti-
mated to be infected post-second wave [1,2]. Although 
overall case-severity was low [3], a substantial 

number of severe cases (hospitalisations, intensive 
care admissions and fatalities) were reported, particu-
larly in children under five years-old and individuals 
with underlying clinical risk factors for severe influ-
enza [4,5]. In 2010/11, despite apparent widespread 
influenza A(H1N1)pdm09 infection in 2009/10 [2], the 
first post-pandemic influenza season was marked by 
reports of an early rapid increase in influenza A(H1N1)
pdm09 cases admitted to intensive care, together with 
an increase in community indicators such as calls to 
health service help lines over the Christmas period 
[4,6-8]. The impact and pressure reported on these 
services at this time over the Christmas period was 
greater than that seen during the 2009 pandemic in 
England [6,7,9], with a notable age shift in hospitalised 
cases apparent from children <15 years of age to young 
adults aged 15 to 64 years [1,7,9]. The observation of 
increased influenza A(H1N1)pdm09 impact in the imme-
diate post-pandemic period has been reported in only 
a few other European countries (Ireland, Denmark and 
Greece) [4,10,11].  

The intensity and severity of any influenza season is 
influenced by a variety of factors related to the virus, 
the host and the environment [12-14]. Continual genetic 
evolution of the influenza virus can modify its ability 
to invade host tissues and subsequent interaction with 
the host’s immune system. If the virus differs signifi-
cantly antigenically from previously circulating viruses, 
there may be an insufficient immune response raised 
following infection, potentially resulting in a more 
severe outcome [12]. Various host factors will also dic-
tate the severity of influenza infection – such as age 
and presence of underlying chronic disease [13]. These 
can be modified by interventions such as prior vaccina-
tion or the use of antivirals. Environmental factors such 
as cold temperature and low levels of humidity can 
enhance transmission, both in terms of the stability of 
the virus and vulnerability of the host to infection [14]. 
Finally, other viruses or bacteria, often with their own 
seasonality, may circulate and interact with influenza, 
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potentially interfering with infection [15] or affecting 
symptoms through co-infection [16].  

In an  article in Eurosurveillance, Mytton and colleagues 
highlighted the increased impact of the 2010/11 influ-
enza season in England compared to the 2009 pan-
demic and suggested this may be related to differences 
in intervention strategy between the two periods [6]. 
One of the data sources examined was critical care bed 
occupancy with suspected and confirmed influenza 
cases, with the peak occupancy observed in 2010/11 
four times that seen in the pandemic year. This paper 
analyses this data source in more detail, presenting it 
alongside data on respiratory virus and bacterial circu-
lation and ambient temperature, together with informa-
tion on public health interventions over that period to 
interpret the observed increase in impact.

Methods
The majority of hospitals in England are public and part 
of the National Health Service (NHS), with many con-
taining critical care beds (including intensive care units 
and high dependency units). Daily critical care bed 
occupancy data were available from the Department 
of Health co-ordinated Winterwatch scheme [17] for 
both the 2009/10 and 2010/11 influenza seasons for 
the majority of 163 NHS acute trusts in England (157 in 
2009/10 and 163 in 2010/11). Data were collected daily 
from Monday to Friday from week 51 2010 (week com-
mencing 20 December) to 7 2011 (week commencing 14 
February), and from week 29 2009 (week commencing 
13 July) to 8 2010 (week commencing 15 February) on the 
total number of patients who were occupying critical 
care beds with confirmed or suspected influenza by age 
group (<5 years, 5–15 years, 16–64 years and ≥65 years) 
and by Strategic Health Authority (East of England, 
East Midlands, London, North East, North West, South 
East, South West, West Midlands and Yorkshire and 
Humber). For both seasons, data were not collected 
for four days over the Christmas period. Where results 
are presented as rates per 100,000 of the population, 
the population denominator for the 2009/10 season 
corresponds to the Office for National Statistics (ONS) 
mid-2009 England estimates and the 2010/11 season to 
the mid-2010 estimates, both of which are available by 
age group and region [18,19]. As daily information was 
only available on the total number of patients in critical 
care and not on new admissions, the daily prevalence 
of critical care bed occupancy – critical care bed days 
– with patients with suspected influenza, was com-
pared. The overall burden of influenza in each season 
on critical care was then determined by calculating the 
cumulative number of critical care influenza bed days 
in 2010/11 and 2009/10.

The data collected from Winterwatch are suspected 
influenza cases. It cannot be assumed such criti-
cal care bed occupancy results solely from influenza 
infection, as it could also be due to other respiratory 
infections. Weekly positivity of typical winter circulat-
ing respiratory viruses (defined as the proportion of all 

samples tested weekly that tested positive for a given 
respiratory virus) by week of sample in England from 
the English Respiratory Datamart system (RDS) [1,7] 
were examined for the 2009/10 pandemic period and 
the 2010/11 influenza season (from week 20 2009 to 
week 8 2011). Samples received through this system 
are collected and tested by participating hospitals 
from secondary care (and to a lesser extent from pri-
mary care). This included influenza A(H1N1)pdm09, 
other influenza A subtypes, influenza B, adenovirus, 
parainfluenza, respiratory syncytial virus (RSV), rhino-
virus and human metapneumovirus (hMPV). Influenza 
activity was assessed by positivity rates to reduce 
the effect of possible changes in laboratory testing 
in the year following the pandemic. Influenza-like ill-
ness (ILI) consultation rates were not considered in 
this study; changes in healthcare seeking behaviour 
during the pandemic and in the subsequent influenza 
season mean that the ILI rates seen are unlikely to be 
a true reflection of ILI in the community. As there were 
reports of an increased number of bacterial co-infec-
tions in 2010/11 [20] and these data were not available 
through RDS, weekly counts of invasive Streptococcus 
pyogenes and S. pneumoniae by week of sample in 
England were retrieved from Labbase, the national lab-
oratory reporting database [21]. 

The Joint Committee for Vaccination and Immunisation 
(JCVI) recommended that the groups offered the mon-
ovalent pandemic influenza vaccine (PIV) in October 
2009 should include both (i) individuals aged 65 years 
and older in a clinical risk group for severe influenza 
and (ii) individuals aged six months to under 65 years 
in clinical risk groups for severe influenza. All pregnant 
women were also offered vaccination. Furthermore, 
all healthy children aged six months up to five years 
were offered PIV from December 2009 [1]. A trivalent 
seasonal influenza vaccine (TIV) containing the influ-
enza A(H1N1)pdm09 strain was recommended for use 
in 2010/11 and offered to all those aged 65 years-old 
and above and to those aged six months to 65 years-
old falling in a clinical risk group. All pregnant women 
were also offered vaccination with TIV for the first 
time in 2010/11 [7]. Weekly percentage uptake of vac-
cinations in the eligible groups across England was 
reported through Immform, the Department of Health 
web portal [22]. 

Daily mean and minimum Central England Temperature 
(CET), a measurement which is broadly representative 
of temperatures across England, was obtained over the 
study period from the Met Office [23]. Weeks of notably 
cold weather were reported when minimum daily tem-
peratures were below 2°C for more than two consecu-
tive days [24].

Once retrieved, the timing of critical care bed occu-
pancy was compared to respiratory virus activity, influ-
enza vaccine uptake and changes in antiviral usage 
policy in the two seasons. In an attempt to further vali-
date the contribution of respiratory viruses, a negative 
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Figure 1
Daily number of critical care beds occupied with suspected influenza cases in England and weekly cumulative percentage 
vaccination uptake by risk groups in England in 2009/10 and 2010/11 influenza seasons

PIV: monovalent pandemic influenza vaccine; TIV: trivalent seasonal influenza vaccine. 

Uptake of vaccine is only monitored for the groups in which vaccination is recommended. While PIV in 2009/10 was recommended for all <5 
year-olds, TIV was not recommended for all <5 year-olds in 2010/11 and so the uptake in this group is not shown in panel B.  
In 2009/10, uptake in <65year-olds at risk for severe influenza included all pregnant women regardless of whether they had an underlying 
risk factor. In 2010/11, uptake in <65year-olds at risk included pregnant women only if they had an underlying risk factor.

a	 Begining 13 July 2009. 
b	 Begining 19 July 2010. 
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binomial regression model with an identity link (assum-
ing an additive effect of the respiratory viruses) was 
used to model the weekly number of critical care bed 
days, including weekly positivity of respiratory viruses 
through RDS (as outlined above) as potential explana-
tory variables. As information on RSV positivity was 
only collected from week 47 2009 in RDS when it was 
already circulating, values for positivity for preceding 
weeks were extrapolated back to zero based on infor-
mation from other surveillance systems. Linear inter-
polation of critical care bed days was carried out for 
the four days when Winterwatch data was not collected 
each season. To allow for a delay in hospitalisations 
from infection onset, viral positivity was lagged by up 
to two weeks and, as seasonal influenza A strains can 
vary in severity, an interaction term between influenza 
A positivity and season was included if significant. 
Stepwise regression was carried out through com-
parison of Akaike information criterion (AIC) values to 
remove variables that did not contribute to the model. 
Remaining variables were kept if their correspond-
ing model coefficients were significant (p<0.05) and 
biologically credible (greater than zero). Information 
on S. pyogenes and S. pneumoniae positivity was not 
available and so their corresponding activity was not 
included in the regression analysis. 

The number of critical care bed days each week attrib-
uted to a given respiratory virus was obtained by mul-
tiplying the number of bed days by the virus-specific 
coefficient [25] and summing across each season.

Results

Overall critical care burden by age group 
and region in 2009/10 and 2010/11
As previously reported [6], a larger burden of suspected 
influenza cases occupying critical care beds was seen 
in winter 2010/11 compared to 2009/10, despite a 
shorter period of time over which influenza activity 
was detected. In addition, data on critical care bed 
occupancy was available for only nine weeks in 2010/11 
compared to 32 weeks in 2009/10 (Figure 1). The total 
cumulative number of critical care bed days occupied 
by patients with suspected influenza in England was 
almost 30% higher in 2010/11 compared to 2009/10 
(15,304 bed days compared to 11,831). 

A notable upward shift was observed in the age dis-
tribution of critical care bed occupants with suspected 
influenza in 2010/11 compared to 2009/10 (Figure 2A). 
On the peak day in both seasons, the majority of criti-
cal care bed occupants with suspected influenza were 
in the 16 to 64 year-old group (82.1% of patients in 
2009/10 compared to 78.6 % in 2010/11). However 
when the population rate was calculated by age group 
and compared by season, the cumulative number of 
critical care bed days per 100,000 population was 
comparatively higher in 2010/11 for adults aged over 15 
years (highest rate in 2010/11 of 35.0/100,000 in 16 to 
64 year-olds), while children aged 15 years or younger 

Figure 2
Overview by age groups of cumulative number of critical 
care bed days occupied with suspected influenza cases 
per 100,000 population, and cumulative proportions 
of samples positive for influenza A(H1N1)pdm09 and 
respiratory syncytial virus, England, influenza seasons 
2009/10 and 2010/11 

a Data obtained through the Respiratory Datamart system. 
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were comparatively more affected during 2009/10 
(highest rate in 2009/10 of 35.3/100,000 in under five 
year-olds). The largest number of critical care beds 
occupied with suspected influenza cases in 2009/10 
by region on the peak day was in London (39 cases, 
19.9%), whereas on the peak day in 2010/11 the largest 
was in the North West (169 cases, 19.9%). 

Respiratory virus activity in 
2009/10 and 2010/11
Influenza A(H1N1)pdm09 was the dominant circulat-
ing respiratory virus in both seasons, reaching a peak 
weekly positivity in 2009/10 of 35.1% in week 26 2009 
and 34.2% in week 44 2009, and in 2010/11 of 38.4% 
in week 51 2010 as detected through RDS (Figure 3). 
There was additional notable co-circulation of influ-
enza B in 2010/11, reaching a peak of 13.4% positivity 
in week 52 2010 compared to a peak of 1.6% the pre-
vious season (week 12 2010) (Figure 3). A low number 
of other influenza A viruses (where subtyped, all sub-
types were A(H3)) were detected in both 2009/10 and 
2010/11 (with a peak positivity of 3.2% in week 52 2009 

and 2.5% in week 52 2010). Overall, an age shift was 
evident in influenza A(H1N1)pdm09 positive samples 
in RDS between the first two waves of the pandemic 
(highest positivity in 5–14 year-olds in 2009/10) and 
the 2010/11 season (highest positivity in 15–44 year-
olds) (Figure 2B) which corresponds to the age shift 
seen in critical care bed days (Figure 2A).

Overall RSV positivity reached a similar peak level in 
both seasons, 26.0% in week 50 2009 and 23.6% in 
week 48 2010, although a bimodal distribution either 
side of peak influenza A(H1N1)pdm09 positivity was 
observed in 2010/11, with a second peak positivity 
of 14.7% in week 5 2011 (Figure 3). Overall positivity 
was highest in under five year-olds in both seasons 
(Figure 2C), with a comparatively increased positivity 
in those aged 45 year-olds and older in 2010/11 during 
December and January relative to the same age group 
in December and January 2009/10.

Adenovirus, parainfluenza and hMPV activity remained 
low during the 2009/10 and 2010/11 winter seasons not 

Figure 3
Daily number of critical care beds occupied per 100,000 population with suspected influenza cases and weekly positivity of 
influenza A(H1N1)pdm09, influenza B and respiratory syncytial virus recorded in England, influenza seasons 2009/10 and 
2010/11

RSV: respiratory syncytial virus.
Positivity is defined as the proportion of all samples tested weekly that tested positive for a given respiratory virus.

a 	 Antivirals distributed as treatment of cases and prophylaxis of close contacts through Flu Response Centres.
b 	 Antivirals distributed as treatment for all via the National Pandemic Flu Service and the National Health Service.
c 	 Antivirals distributed as treatment to those in intensive care with underlying clinical risk factors via the National Health Service.
d 	 Starting 10 May 2009.
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exceeding 10% during this period apart from a peak in 
adenovirus of 17.3% in week 51 2009 (data not shown). 
Rhinovirus had the highest positivity of 35.8% in week 
40 2010 which decreased down to 1.8% by week 52 
2010 when reported critical care bed occupancy started 
to increase.

Allowing for a one to two week lag in influenza detec-
tion to hospitalisation, suspected influenza-associated 
critical care bed days in the 2010/11 season coincides 
with influenza A(H1N1)pdm09 and influenza B activity 
reported through RDS, with the shape more closely 
mirroring that of the pandemic strain (Figure 3). The 
first peak of RSV positivity in 2010/11 occurred three 
weeks prior to that of influenza A(H1N1)pdm09 and 
the second occurred after the number of suspected 
influenza-associated critical care bed days had already 
started to decline. In 2009/10, influenza A(H1N1)
pdm09 positivity followed a similar pattern to critical 
care bed occupancy with very low influenza B positiv-
ity seen (Figure 3). RSV activity peaked six weeks after 
influenza A(H1N1)pdm09 and after the peak of critical 
care bed occupancy in 2009/10. 

The final regression model contained significant terms 
for influenza A(H1N1)pdm09 positivity lagged by two 
weeks and RSV positivity – no critical care bed days 
were significantly attributed to influenza B, other influ-
enza A subtypes or other respiratory viruses (Table). 
Visual inspection of the model showed a good fit to 
the data, although an overestimation of the number 
of critical care bed days was seen at the beginning of 
the critical care bed dataset in 2009/10 and a slight 
underestimation was seen at the peak of occupancy 
in 2010/11. The majority of critical care bed days were 
attributed to influenza A(H1N1)pdm09, 13,142 (95% 
confidence interval (CI): 11,278–15,005) in 2009/10 
and 17,785 (95% CI: 15,217–20,354) in 2010/11. The 
number attributed to RSV was 1,825 (95% CI: 0–3,689) 
in 2009/10 and 795 (95% CI: 0–3,364) in 2010/11. This 
compares to a total number of critical care bed days 
of 12,629 in 2009/10 and 17,939 in 2010/11 after linear 
interpolation for days of missing data.

Weekly reports of Labbase S. pyogenes specimens 
remained low during 2009/10 and 2010/11, peaking at 
62 in week 14 2010 and 77 in week 52 2010. S. pneu-
moniae invasive specimens increased in number dur-
ing the winter compared to the summer months in both 
2009/10 and 2010/11, reaching a notable peak of 270 in 
week 53 2009 and 389 in week 52 2010. This compares 
to weeks of peak critical care bed occupancy in week 
44 2009 and week 1 2011. 

In 2009/10, the weeks during which minimum tempera-
tures were below 2°C for greater than two consecutive 
days (weeks 51 2009–8 2010) occurred seven weeks 
after the peak in critical care bed occupancy in week 
44 2009. However in 2010/11, the weeks of low tem-
peratures (weeks 47 2010–5 2011) coincided with the 
first reports of increases in severe cases of influenza, 

with the peak in influenza activity and critical care bed 
occupancy occurring four weeks later in week 1 2011 
(Figure 3).

Interventions
The PIV vaccination programme began after the 
autumn 2009 pandemic influenza wave had already 
peaked (Figure 1). This meant that at the peak of criti-
cal care bed occupancy at the end of October (week 
44), uptake in both 65 year-olds and older in a clini-
cal risk group, and under 65 year-olds in a clinical risk 
group (including pregnant women) had only reached 
0.1% (Figure 1A). Final cumulative uptake of PIV across 
England in target groups at the end of the influenza 
season was 35.4% for those under 65 years in a clini-
cal risk group and 14.9% for pregnant women [26]. The 
PIV programme in healthy children under five years-old 
did not start until December 2009, which was over four 
weeks after the critical care bed peak in the autumn 
2009 wave. The programme reached a final cumulative 
uptake of 23.6%.

In the 2010/11 season, when the first cases of severe 
influenza were reported in week 48 2010, uptake of TIV 
in all 65 year-olds and older was already 66.1% and 
40.2% in under 65 year-olds in a clinical risk group 
(Figure 1B). Uptake in pregnant women was only 5.0%. 
At the peak of critical care bed occupancy in 2010/11, 
uptake had reached 70.8% in 65 year-olds and older, 
46.3% in under 65 year-olds in a clinical risk group and 
27.1% in pregnant women.

The changes in antiviral usage policy over 2009 to 
2011 are indicated in Figure 3. During the containment 
phase at the beginning of the pandemic, antivirals 

Table
Estimated critical care bed day attribution in each 
respective 2009/10 and 2010/11 influenza season by virus, 
using a negative binomial regression model, England

Virusa

Attributed critical care bed daysa,b 
(95% confidence interval)

2009/10 2010/11

Influenza A(H1N1)pdm09 13,142 
(11,278–15,005)

17,785 
(15,217–20,354)

Respiratory syncytial 
virus (RSV) 1,825 (0–3,689) 795 (0–3,364)

a 	 Viral activity initially assessed and not included in 
the final model include: influenza B, other influenza A 
subtypes, adenovirus, parainfluenza, rhinovirus and human 
metapneumovirus.

b 	 Attributed critical care bed days = (A(H1N1)pdm09 positivity 
(two week lag))*Season + RSV positivity. Whereby positivity 
is defined as the proportion of all samples tested weekly that 
tested positive for a given respiratory virus.
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were distributed to the first detected cases as treat-
ment with prophylaxis of their close contacts through 
Flu Response Centres set up by the Health Protection 
Agency (HPA) in collaboration with the NHS [27]. 
Following a sharp increase in the number of cases in 
June 2009, with evidence of community transmission, 
the treatment phase began on 2 July 2009 when anti-
virals were offered as treatment for all suspect cases, 
and prophylaxis was no longer offered other than in 
certain  specific circumstances. Individuals with under-
lying clinical risk factors were assessed and received 
antivirals through the NHS and clinical cases without 
underlying risk factors were managed through the 
National Pandemic Flu Service (NPFS), a national tel-
ephone and internet-based service set up shortly after 
the start of the treatment phase. This was continued 
until February 2010.

During winter 2010/11, antivirals were administered 
through the NHS following standard National Institute 
for Health and Care Excellence (NICE) guidance for use 
during seasonal influenza activity to those with under-
lying clinical risk factors for severe disease [28].

Discussion
In the winter of 2010/11, the first post-pandemic sea-
son, influenza activity due to influenza A(H1N1)pdm09 
viruses was high, with a bigger impact on critical care 
services from suspected influenza cases and a marked 
age shift in cases from children to adults, relative to 
2009/10. There were differences in antiviral policy 
between the seasons and overall vaccine uptake with an 
influenza A(H1N1)pdm09 strain-containing vaccine was 
much higher at the peak level of critical care activity in 
2010/11 compared with 2009/10. The peaks in suspect 
influenza critical care admissions in both seasons coin-
cided with peaks in influenza A(H1N1)pdm09 positivity, 
but additionally in 2010/11 coincided with influenza B 
positivity, notably cold weather and increased reports 
of S. pneumoniae infection. Infections due to RSV and 
other respiratory viruses do not appear to make a large 
contribution to these critical care admissions in either 
season.

Following influenza A(H1N1)pdm09 activity in 2009/10, 
the pandemic virus continued to circulate in the UK 
with increased activity and impact the following sea-
son. The increase in critical care bed occupancy in 
2010/11 relative to 2009/10 seems to be driven pri-
marily by influenza A(H1N1)pdm09 and coincided with 
increases in influenza A(H1N1)pdm09 positivity and 
other indicators of influenza activity, including general 
practitioner (GP) consultations, hospitalisations and 
excess deaths [1,7,9]. In addition, regression analysis 
suggests that influenza A(H1N1)pdm09 contributed to 
the increase of critical care admissions of patients with 
suspected severe influenza rather than other influ-
enza strains. Although influenza B was circulating in 
2010/11 and peak positivity coincided with the peak in 
critical care bed occupancy, terms for this virus were 
not significant in the regression analysis, suggesting 

little contribution to intensive care unit admissions. 
Through other data sources, cases of influenza B 
confirmed hospitalised patients and fatalities were 
reported in 2010/11, though the proportions were low, 
with the proportion of severe cases due to influenza B 
increasing with time over the season and the highest 
rates of hospitalisation seen in children [7,9]. 

The pandemic influenza virus did appear to circulate 
predominantly in older age groups in 2010/11 com-
pared to 2009/10. A higher proportion of adults aged 
over 15 years were admitted to critical care in the win-
ter of 2010/11 relative to that observed during the pan-
demic in England, with the highest proportion seen in 
16 to 64 year-olds. This age shift has been documented 
following previous pandemics [29] and is in agreement 
with observations from other surveillance systems in 
England and elsewhere following the 2009 pandemic, 
such as in Taiwan and Greece [3,9,11,30,31]. Circulation 
of the pandemic virus in 2009 mainly occurred in chil-
dren [1]. The consequences for the following season 
therefore were lower numbers of susceptible children, 
but there still remained a pool of susceptible adults 
within which circulation of the virus could occur once 
transmission started [2]. The age-dependency in infec-
tion-severity of influenza A(H1N1)pdm09 infection is 
well documented [4], with increasing severity with 
increasing age at infection. The burden and severity 
of underlying chronic conditions also increases with 
increasing age which can be exacerbated by influenza 
infection. Therefore this observed age shift to older age 
groups is likely to have been associated with an overall 
increase in infection severity and thus impact. Other 
potential contributory factors may include reinfec-
tion, resulting from waning immunity and/or vaccine-
related-immunity, and introduction of new susceptible 
infants [31,32].

The circulating influenza A(H1N1)pdm09 viruses 
were found to be well matched to the influenza A/
California/07/2009 strain in the trivalent influenza 
vaccine used at the time in 2010/11 [7], with reported 
vaccine effectiveness in 2010/11 of 51% against GP 
attended virologically confirmed infection, compared 
to 72% for the adjuvanted monovalent pandemic influ-
enza vaccine used in 2009 [33,34]. Although the PIV 
was more effective than the 2010/11 TIV, it was sup-
plied generally late in the 2009 pandemic. At the peak 
of critical care impact in 2010/11, and indeed several 
weeks prior to when the first severe influenza cases 
were reported, uptake of the TIV was at very much 
higher levels than that seen at the peak of critical care 
impact in 2009/10 with the monovalent pandemic vac-
cine. Therefore the lower impact of pandemic influ-
enza in 2009/10 cannot be attributed to comparatively 
higher and more timely vaccine uptake during the pan-
demic, than in 2010/11. 

It has been suggested that a reduced level of antiviral 
usage in 2010/11 compared to that during the 2009 pan-
demic could be an explanation of the increased impact 
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of influenza in the following season [6]. It is unclear, 
however, how many hospitalisations were averted from 
distribution of antivirals through the NPFS and the NHS 
during this pandemic period. Although it is not known 
during the pandemic what proportion of symptomatic 
infections in the community received antivirals, only a 
relatively small proportion of cases that were hospital-
ised with confirmed influenza infection, 10 to 12%, had 
reportedly received antivirals prior to admission [5,35], 
with most cases receiving antivirals after admission. 
Considering the low level of reported effectiveness of 
antivirals in preventing hospitalisation of influenza 
cases [36], using the screening method [37] a crudely 
estimated 15% of suspect cases received antivirals in 
the community (assuming 25% effectiveness [36] and 
12% of hospitalised cases received antivirals prior to 
admission). Therefore their use in the community dur-
ing the pandemic is unlikely to fully explain the differ-
ence in impact seen through the Winterwatch scheme 
between 2009/10 and 2010/11. 

Of the other winter circulating respiratory viruses that 
might explain suspected influenza critical care admis-
sions, RSV positivity was high, though compared to 
critical care bed occupancy, RSV activity occurred later 
than the peak in 2009/10 and earlier in 2010/11 than 
critical care occupancy, suggesting little contribution 
in both seasons. This observation is supported by 
the regression analysis which attributed only a small 
proportion of critical care bed days to RSV in both 
seasons. No notable circulation of other respiratory 
viruses was observed at this time. A peak was seen 
in the number of S. pneumoniae invasive infections 
which, unlike 2009/10 coincided with the peak in criti-
cal care bed occupancy in 2010/11 and the circulation 
of influenza, however no information was available on 
the number of samples tested, preventing calculation 
of the positivity and a comparison between seasons. 
Bacterial co-infections amongst influenza cases were 
reported in 2010/11 in the UK complicating seasonal 
influenza, which may have contributed to increases in 
case severity and thus impact [20]. 

Compared with 2009/10, lower temperatures were 
seen in 2010/11 and the timing coincided with the 
beginning of influenza activity whereas the peak of 
the second pandemic wave in 2009 occurred prior to 
winter climate. Transmission of influenza is dependent 
on temperature, with cold weather thought to favour it 
[14,31]. From the viral point of view, if the transmission 
and impact of the virus changed, it could be argued 
that this resulted from changes in the influenza virus. 
Despite several genetic changes leading to an increase 
in genetic diversity observed amongst the 2010/11 cir-
culating pandemic viruses in the UK relative to seen in 
2009/10, no significant antigenic drift was detected 
and there were no immediately obvious genetic differ-
ences between viruses recovered from fatal and severe 
cases compared with those with mild disease [7,38]. 
However, genome-wide changes observed in pandemic 
viruses from 2010/11 have been reported and might 

have influenced the biological properties of the virus, 
improving virus fitness and consequently have an 
impact on virulence and/or transmission [39]. The com-
bination of this, together with the existence of a large 
pool of susceptible young adults and the possibility 
of waning antibody protection in children infected the 
previous season [31,32] may explain the occurrence of 
further spread of influenza in the population. 

There are some limitations with the data used for this 
analysis. Only prevalence data on critical care bed 
occupancy of suspected cases were available - no infor-
mation of length of stay of each patient was collected, 
with evidence suggesting that, on average, there was 
a longer length of stay in critical care in the post-
pandemic period [40]. There was no coverage through 
Winterwatch on critical care bed occupancy during the 
first wave of the pandemic. However, the number of 
laboratory-confirmed hospitalisations in England in 
the first wave was less than that seen during the sec-
ond wave [5] and comparatively lower severity noted 
[1,3]. It is therefore likely to have resulted in critical 
care bed occupancy levels similar to, or lower than, 
seen in the second pandemic wave. It is also important 
to note this is an ecological study: no individual-level 
information was available on infection, co-infection 
or intervention uptake through the Winterwatch data 
source. Additionally, the outcome of each patient was 
not known. Observations from separate mortality sur-
veillance schemes operating during these seasons 
have been reported elsewhere [7] but for future sea-
sons, individual-level severe influenza surveillance 
will be invaluable to build on these observations and 
directly assess potential associations.

Some countries observed influenza A(H1N1)pdm09 
circulation in 2010/11, others experienced a predomi-
nately influenza B season in 2010/11 (e.g. Norway) 
and yet others predominately an A(H3N2) season (e.g. 
Canada, United States) [10,41,42]. In the countries 
where influenza A(H1N1)pdm09 circulated, only a few 
reported a similar relative increased impact in 2010/11 
(e.g. Greece, Taiwan, Denmark and Ireland) [4,10,11]. 
Such a post-pandemic phenomena has been docu-
mented previously, e.g. following the 1918 pandemic 
[43]. The reasons for this large range of observations 
between countries are likely to be multifactorial and 
require further exploration.

The intensity and impact of influenza A(H1N1)pdm09 
virus activity in 2010/11 in England was not predicted 
and occurred at a time of year when extreme cold 
weather was being experienced and hospital resources 
were already stretched [8,44]. Data from previous pan-
demics indicate the occurrence of substantial waves 
of influenza activity following initial pandemic waves, 
and might therefore have been an indication that sub-
stantial activity would be expected in the winter of 
2010/11. On the other hand, serological population 
based data indicated that a large proportion of the 
population had experienced influenza A(H1N1)pdm09 
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infection in 2009/10, many with a sub-clinical illness. 
The reasons behind the comparative increase in impact 
of severe influenza in 2010/11 relative to 2009/10 are 
thus likely to have resulted from a combination of fac-
tors, including an age shift in infection, accumulation of 
susceptible individuals through waning immunity, new 
susceptible individuals from new births, cold weather 
and a possible change in the virus. Although the major-
ity of critical care bed days are likely to have resulted 
from influenza A(H1N1)pdm09 in both seasons, the 
mechanism resulting in increased impact still remains 
uncertain. For future seasons, it is important that 
severe influenza disease surveillance schemes are fur-
ther developed to collect and analyse data in a timely 
fashion to inform prevention and control activities.

Acknowledgements 
We are grateful to our colleague Hongxin Zhao and labora-
tories participating in the Respiratory Datamart scheme, our 
colleague Fateha Begum and the team at ImmForm for coor-
dinating and reporting seasonal influenza vaccine uptake 
data, and André Charlett for helpful statistical advice.

References
1.	 Health Protection Agency (HPA). Epidemiological report 

of pandemic (H1N1) 2009 in the UK. London: HPA; 2010. 
Available from: http://www.hpa.org.uk/webc/HPAwebFile/
HPAweb_C/1284475321350 

2.	 Hardelid P, Andrews NJ, Hoschler K, Stanford E, Baguelin M, 
Waight PA, et al. Assessment of baseline age-specific antibody 
prevalence and incidence of infection to novel influenza AH1N1 
2009. Health Technol Assess. 2010;14(55):115–192. 
PMid:21208549 

3.	 Presanis AM, Pebody RG, Paterson BJ, Tom BD, Birrell PJ, 
Charlett A, et al. Changes in severity of 2009 pandemic A/
H1N1 influenza in England: a Bayesian evidence synthesis 
BMJ. 2011;343:d5408. http://dx.doi.org/10.1136/bmj.d5408 
PMid:21903689 PMCid:3168935 

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

5.	 Campbell CNJ, Mytton OT, Mclean EM, Rutter PD, Pebody 
RG, Sachedina N, et al. Hospitalization in two waves 
of pandemic influenza A(H1N1) in England. Epidemiol 
Infect. 2011;139(10):1560-9. http://dx.doi.org/10.1017/
S0950268810002657 PMid:21108872 

6.	 Mytton OT, Rutter PD, Donaldson LJ. Influenza A(H1N1)pdm09 
in England, 2009 to 2011: a greater burden of severe illness 
in the year after the pandemic than in the pandemic year. 
Euro Surveill. 2012;17(14):pii=20139. Available from: http://
www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20139 
PMid:22516004 

7.	 Health Protection Agency (HPA). Surveillance of influenza and 
other respiratory viruses in the UK 2010/11. London: HPA; 2011. 
Available from: http://www.hpa.org.uk/web/HPAwebFile/
HPAweb_C/1296687414154 

8.	 Bion J, Evans T, Winter B. Flu questions and answers. Flu’s 
impact on intensive care. BMJ. 2011;342:d640. 
http://dx.doi.org/10.1136/bmj.d640 PMid:21285220 

9.	 Bolotin S, Pebody R, White PJ, McMenamin J, Perera L, Nguyen-
Van-Tam JS, et al. A New Sentinel Surveillance System for 
Severe Influenza in England Shows a Shift in Age Distribution 
of Hospitalised Cases in the Post-Pandemic Period. PLoS 
One. 2012;7(1):e30279. http://dx.doi.org/10.1371/journal.
pone.0030279 PMid:22291929 PMCid:3264602 

10.	 European Centre for Disease Prevention and Control (ECDC). 
Seasonal influenza 2010-2011 in Europe (EU/EEA countries). 
Stockholm: ECDC; 2011. Available from: http://ecdc.europa.eu/
en/publications/Publications/110125_RA_Seasonal_Influenza_
EU-EEA_2010-2011.pdf 

11.	 Athanasiou M, Baka A, Andreopoulou A, Spala G, Karageorgou 
K, Kostopoulos L, et al. Influenza surveillance during the 
post-pandemic influenza 2010/11 season in Greece, 04 October 
2010 to 22 May 2011. Euro Surveill. 2011;16(44):pii=20004. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=20004 

12.	 Carrat F, Flahault A. Influenza vaccine: The challenge of 
antigenic drift. Vaccine. 2007;25(39–40):6852-62. 
http://dx.doi.org/10.1016/j.vaccine.2007.07.027 PMid:17719149 

13.	 World Health Organization (WHO). Influenza (Seasonal) 
factsheet N°211. Geneva:WHO; 2009. Available from: http://
www.who.int/mediacentre/factsheets/fs211/en/index.html 

14.	 Lowen AC, Mubareka S, Steel J, Palese P. Influenza Virus 
Transmission Is Dependent on Relative Humidity and 
Temperature. PLoS Pathog. 2007;3(10): 1470-6. http://
dx.doi.org/10.1371/journal.ppat.0030151 PMid:17953482 
PMCid:2034399 

15.	 Ånestad G, Nordbø SA. Virus interference. Did rhinoviruses 
activity hamper the progress of the 2009 influenza A (H1N1) 
pandemic in Norway? Med Hypotheses, 2011;77(6):1132-4. 
http://dx.doi.org/10.1016/j.mehy.2011.09.021 PMid:21975051 

16.	 Palacios G, Hornig M, Cisterna D, Savji N, Bussetti AV, 
Kapoor V, et al. Streptococcus pneumoniae Coinfection Is 
Correlated with the Severity of H1N1 Pandemic Influenza. PLoS 
One. 2009;4(12):e8540. http://dx.doi.org/10.1371/journal.
pone.0008540 PMid:20046873 PMCid:2795195 

17.	 Department of Health. Winterwatch. London: Department of 
Health. [Accessed 26 March 2012]. Available from: http://
winterwatch.dh.gov.uk/about-winterwatch/ 

18.	 Office for National Statistics (ONS). Population estimates 
for UK, England and Wales, Scotland and Northern 
Ireland, mid-2010. ONS; 2011. Available from: http://
www.ons.gov.uk/ons/publications/re-reference-tables.
html?edition=tcm%3A77-231847 

19.	 Office for National Statistics (ONS). Population estimates 
for UK, England and Wales, Scotland and Northern 



28 www.eurosurveillance.org

Ireland, mid-2009. ONS; 2010. Available from: http://
www.ons.gov.uk/ons/publications/re-reference-tables.
html?edition=tcm%3A77-213645 

20.	 Zakikhany K, Degail MA, Lamagni T, Waight P, Guy R, Zhao 
H, et al. Increase in invasive Streptococcus pyogenes and 
Streptococcus pneumoniae infections in England, December 
2010 to January 2011. Euro Surveill. 2011;16(5):pii=19785. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19785 PMid:21315057 

21.	 Health Protection Agency (HPA). Laboratory Reporting To The 
Health Protection Agency: Guide For Diagnostic Laboratories. 
London: HPA; 2012. Available from: http://www.hpa.org.uk/
web/HPAwebFile/HPAweb_C/1194947381307 

22.	 Gates P, Noakes K, Begum F, Pebody R, Salisbury D. Collection 
of routine national seasonal influenza vaccine coverage data 
from GP practices in England using a web-based collection 
system. Vaccine. 2009;27(48):6669-77. http://dx.doi.
org/10.1016/j.vaccine.2009.08.094 PMid:19747574 

23.	 Met Office. Hadley Centre Central England Temperature Data. 
Met Office. [Accessed 01 May 2012]. Available from: http://
www.metoffice.gov.uk/hadobs/hadcet/data/download.html 

24.	Met Office. Cold Weather Alert. Met Office. [Accessed 01 May 
2012]. Available from: http://www.metoffice.gov.uk/weather/
uk/coldweatheralert/ 

25.	 Pitman RJ, Melegaro A, Gelb D, Siddiqui MR, Gay NJ, Edmunds 
WJ. Assessing the burden of influenza and other respiratory 
infections in England and Wales, J Infect. 2007;54(6): 530-8. 
http://dx.doi.org/10.1016/j.jinf.2006.09.017 PMid:17097147 

26.	 Department of Health. Pandemic H1N1 (Swine) influenza 
vaccine uptake among patient groups in primary care in 
England 2009/10. Department of Health; 2010. Available from: 
https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/147700/dh_121014.pdf.pdf 

27.	 Health Protection Agency (HPA). Pandemic (H1N1) 2009 in 
England: an overview of initial epidemiological findings 
and implications for the second wave. London: HPA; 2009. 
Available from: http://www.hpa.org.uk/web/HPAwebFile/
HPAweb_C/1258560552857 

28.	Department of Health. Influenza season 2010/11 – use of 
antivirals. London: Department of Health; 2010. Available 
from: http://www.dh.gov.uk/prod_consum_dh/groups/dh_
digitalassets/documents/digitalasset/dh_122573.pdf 

29.	 Simonsen L, Clarke MJ, Schonberger LB, Arden NH, Cox NJ, 
Fukuda K. Pandemic versus Epidemic Influenza Mortality: A 
Pattern of Changing Age Distribution. J Infect Dis. 1998;178(1): 
53-60. http://dx.doi.org/10.1086/515616 PMid:9652423 

30.	 van ‘t Klooster TM, Wielders CC, Donker T, Isken L, Meijer A, 
van den Wijngaard CC, et al. Surveillance of Hospitalisations 
for 2009 Pandemic Influenza A(H1N1) in the Netherlands, 5 
June – 31 December 2009. Euro Surveill. 2010;15(2):pii=19461. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19461 

31.	 Chuang JH, Huang AS, Huang WT, Liu MT, Chou JH, Chang FY, et 
al. Nationwide Surveillance of Influenza during the Pandemic 
(2009–10) and Post-Pandemic (2010–11) Periods in Taiwan. 
PLoS One. 2012;7(4):e36120. http://dx.doi.org/10.1371/journal.
pone.0036120 
PMid:22545158 PMCid:3335813 

32.	 Wang M, Yuan J, Li T, Liu Y, Wu J, Di B, et al. Antibody Dynamics 
of 2009 Influenza A (H1N1) Virus in Infected Patients and 
Vaccinated People in China. PLoS One. 2011;6(2):e16809. 
http://dx.doi.org/10.1371/journal.pone.0016809 
PMid:21347418 PMCid:3036653 

33.	 Pebody R, Hardelid P, Fleming DM, McMenamin J, Andrews 
N, Robertson C, et al. Effectiveness of seasonal 2010/11 and 
pandemic influenza A(H1N1)2009 vaccines in preventing 
influenza infection in the United Kingdom: mid-season 
analysis 2010/11 . Euro Surveill. 2011;16(6):pii=19791. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19791 

34.	Hardelid P, Fleming DM, McMenamin J, Andrews N, Robertson 
C, SebastianPillai P, et al. Effectiveness of pandemic and 
seasonal influenza vaccine in preventing pandemic influenza 
A(H1N1)2009 infection in England and Scotland 2009-2010. 
Euro Surveill. 2011;16(2):pii=19763. Available from: http://
www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19763 

35.	 Myles PR, Semple MG, Lim WS, Openshaw PJ, Gadd EM, 
Read RC, et al. Predictors of clinical outcome in a national 
hospitalised cohort across both waves of the influenza A/H1N1 
pandemic 2009-2010 in the UK. Thorax. 2012;67(8):709-17. 
http://dx.doi.org/10.1136/thoraxjnl-2011-200266 
PMid:22407890 PMCid:3402749 

36.	 Hsu J, Santesso N, Mustafa R, Brozek J, Chen YL, Hopkins 
JP, et al. Antivirals for treatment of influenza: a systematic 
review and meta-analysis of observational studies. 
Ann Intern Med. 2012;156(7):512-24. http://dx.doi.

org/10.7326/0003-4819-156-7-201204030-00411 
PMid:22371849 

37.	 Thomas HL, Andrews N, Green HK, Boddington NL, Zhao H, 
Reynolds A, et al. Estimating vaccine effectiveness against 
severe influenza in England and Scotland 2011/2012: applying 
the screening method to data from intensive care surveillance 
systems. Epidemiol Infect. 2013 Apr 16:1-8. http://dx.doi.
org/10.1017/S0950268813000824 

38.	Ellis J, Galiano M, Pebody R, Lackenby A, Thompson C, 
Bermingham A, et al. Virological analysis of fatal influenza 
cases in the United Kingdom during the early wave of influenza 
in winter 2010/11. Euro Surveill. 2011;16(1):pii=19760. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19760 

39.	 Galiano M. Viruses from fatal cases of pandemic influenza 
in the first, second and third wave: the contribution of viral 
evolution. Poster session presented at: ISIRV antiviral group 
- Severe Influenza: Burden, Pathogenesis and Management; 
2010 Oct 29-31; Hanoi, Viet Nam. 

40.	Viasus D, Cordero E, Rodríguez-Ba-o J, Oteo JA, Fernández-
Navarro A, Ortega L, et al. Changes in epidemiology, clinical 
features and severity of influenza A (H1N1) 2009 pneumonia in 
the first post-pandemic influenza season. Clin Microbiol Infect. 
2012;18(3):E55-62. 
http://dx.doi.org/10.1111/j.1469-0691.2011.03753.x 
PMid:22264321 

41.	 Review of the 2010-2011 winter influenza season, northern 
hemisphere. Wkly Epidemiol Rec. 2011; 86(22):221-7.
PMid:21661270 

42.	 World Health Organization (WHO). Summary review of the 
2010-2011 northern hemisphere winter influenza season. 
WHO. [Accessed 01 May 2013]. Available from: http://www.
who.int/influenza/surveillance_monitoring/2010_2011_GIP_
surveillance_seasonal_review/en/index.html 

43.	 Saglanmak N, Andreasen V, Simonsen L, Mølbak K, Miller 
MA, Viboud C. Gradual changes in the age distribution of 
excess deaths in the years following the 1918 influenza 
pandemic in Copenhagen: Using epidemiological evidence 
to detect antigenic drift. Vaccine. 2011;29(2):B42-8. http://
dx.doi.org/10.1016/j.vaccine.2011.02.065 PMid:21757103 
PMCid:3144399 

44.	Met Office. Record cold December 2010. Met Office. [Accessed 
29 March 2013]. Available from: http://www.metoffice.gov.uk/
news/releases/archive/2011/cold-dec


