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As of 10 April 2013, 33 human cases infected with a 
novel influenza A(H7N9) virus have been laboratory 
confirmed in Shanghai, Anhui, Jiangsu and Zhejiang 
provinces in China (Figure1). This case count came 
after on 31 March 2013, the Chinese authorities had 
announced the identification of a novel influenza A 
virus, an A(H7H9) virus, in three people in Shanghai 
and Anhui province. Two men in Shanghai, 87 and 27 
years old, respectively, had become ill with influenza-
like (ILI) symptoms and progressed to severe lower 
respiratory tract infections within a week in mid to late 
February, and died from acute respiratory distress syn-
drome hereafter [1,2]. The two had no epidemiological 
link and no known exposure to evidently sick animals. 
One of them was a pork butcher. The third case was 
a 35-year-old woman from Anhui province, adjacent to 
Shanghai, who also became ill with ILI with symptom 
onset on 9 March followed by severe respiratory dis-
ease and death. 

The detection of these cases was possible because of 
a well-functioning surveillance system with a labora-
tory component through which the initially non-sub-
typeable influenza A viruses were sent to the World 
Health Organization (WHO) Influenza Collaborating 
Centre at the Chinese Center for Disease Control and 
Prevention (CDC) in Beijing for sequencing. Upon labo-
ratory identification of the new viruses, the responsi-
ble Chinese authorities notified the cases as required 
in the International Health Regulations (IHR) to WHO 
and other member states [3]. 

Moreover, researchers from the Chinese CDC posted 
the genetic information of the viruses on the publicly 
accessible GISAID website [4]. The viruses were not 
genetically identical, indicating they had been circu-
lating for some time over a wide region [5]. The same 
type of viruses were reported by Chinese veterinary 
authorities from 4 April onward in different species of 
poultry and environmental samples from live bird mar-
kets in Shanghai [6]. The sequences of the veterinary 
and environmental specimens were also posted on the 
GISAID site by the Chinese national veterinary labora-
tory in Harbin [3]. 

Following the detection of the first cases, the Chinese 
CDC has rapidly made specific polymerase chain reac-
tion (PCR) test kits for the new A(H7N9) viruses avail-
able to provincial and local laboratories across China 
to ensure timely testing of suspected cases. Since 
then individual human cases are being confirmed and 
made public daily by the Chinese authorities at pro-
vincial level in the four affected provinces. More cases 
are being detected with onset dates since late March 
(Figure 2). While this could simply reflect increasing 
awareness among clinicians and public health authori-
ties and that testing became available more widely, 
close monitoring is necessary to detect changes in 
transmission patterns, especially human-to-human 
transmission and cases appearing in China beyond the 
four provinces. 

While the novel A(H7N9) virus has been detected in 
birds and environmental specimens at a bird markets 
in Shanghai and the other affected provinces, the 
source of infection in most of the cases still remains to 
be determined [6 ]. It is equally unclear how the virus is 
introduced into the markets. Nevertheless, China has 
stepped up vigilance and intensified human and animal 
surveillance [7]. It has also implemented public health 
measures that include the closure of some live poultry 
and bird markets and culling of birds [8].  

A striking feature is that human cases are sporadic and 
very few possible clusters have been detected. They 
are being investigated by the Chinese authorities. So 
far, there has been no documented sustained human-
to-human transmission and there is no clear indication 
of such transmission even though the virus has genetic 
markers that are known to be associated with improved 
replication of avian influenza viruses in mammals [4,5].  
  
When compared with A(H5N1) viruses, animal-to-
human transmissibility seems to be higher for influenza 
A(H7N9). It is noteworthy that the timeframe during 
which cases have been identified is very different from 
that of human cases of influenza A(H5N1) detected in 
China of late. Between January 2010 and March 2013, 
only seven human A(H5N1) cases were reported, five 
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of which are known to have died [9]. Few human cases 
due to infection with avian influenza A(H7) viruses have 
been described in the literature, possibly because the 
symptoms are usually mild in humans and of low path-
ogenicity in poultry [10]. A well described outbreak 
involving humans was that of a highly pathogenic avian 
influenza A(H7N7) among poultry in the Netherlands 
in 2003. It resulted in 86 mild infections, mainly con-
junctivitis, among poultry workers, three cases of non-
sustained human-to-human transmission among their 
household contacts, but only one fatality [11,12]. 

Only careful serological surveys in China can reveal 
if there were such transmissions and these investiga-
tions are underway. Of the detected 33 human A(H7N9) 
cases as of 10 April, 30 developed severe illness with 
nine fatalities while three presented with mild symp-
toms (Figure 2). It can be expected that surveillance 
activities will lead to detection of additional cases in 
the coming weeks, but so far no cases have been iden-
tified outside the four Chinese Provinces. 

A limited number of scenarios that could follow from 
the emergence of this novel virus are possible. The 
one that explains the current human and animal epi-
demiological situation best, based on available clinical 
and virological analyses, is that of the emergence of a 
novel reassortant avian influenza virus of low patho-
genicity to birds but of significant pathogenicity to 
humans. This virus has probably spread undetected 
among poultry in parts of eastern China. When this 
started is unclear. It only came to light because some 
people infected through contact with birds or environ-
mental exposure, became severely ill. Even though the 
viruses were found in poultry and the environment in 
live bird markets in Shanghai, the species introducing 
the infection into the markets has not been identified. 
The various species reported as being infected may 
have only become infected at the markets.

The speed, transparency and intensity of the work per-
formed in respect to the novel A(H7N9) virus in China 
and by the Chinese CDC and veterinary authorities is 

Figure 1
Laboratory-confirmed cases of human influenza A(H7N9) in China as of 10 April 2013 (n=33)
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impressive and deserves full credit [13]. It also has 
to be acknowledged that there is tremendous value 
for all those concerned with public health in that the 
WHO Collaborating Centre for Influenza at the Chinese 
Center for Disease Control and Prevention has shared 
the viruses and that the molecular data have been pub-
lished on the publicly accessible GISAID database. This 
data sharing platform has been important for scientists 
to gain important insight into the molecular virus char-
acteristics and the origins of the virus as well as for 
public health experts to assess the current situation. 

However, the tasks lying ahead, namely analysing, 
describing and especially controlling the virus cannot 
be underestimated. The extent of distribution of this 
A(H7N9) virus in domestic poultry in China and possibly 
other countries is unclear and surveillance and control 
of a low pathogenicity avian influenza virus in coun-
tries with complex mixes of informal and formal poul-
try sectors will be challenging. The markers of poultry 
die-offs seen with high pathogenicity avian influenza 
A viruses such as H5N1 and H7N7, will not signal the 
presence of the new A(H7N9) virus. In such situations, 
animal surveillance on the basis of sampling of live 
birds, including wild birds, such as done in Hong Kong 
and in European Union (EU) countries will be essential 
[14,15].

What are the possible implications of the current situa-
tion for Europe and European citizens and which actions 
should the EU take and which ones have been taken 
already? The European Centre for Disease Prevention 
and Control (ECDC) published its first risk assessment 
on 3 April and is providing updated assessments and 
short reports on the epidemiology as new information 
emerges [16]. Several guidance documents on preven-
tion of infections, infection control and case manage-
ment developed earlier for influenza A(H1N5) by ECDC, 
WHO and Member States are, with some modifications, 
applicable to the current situation [16-18]. Visitors to 
China and other countries where avian influenzas 
have caused severe human disease of late [9], should 
avoid visiting bird markets and follow basic hygienic 
measures. Persons returning from China who develop 
severe respiratory infection within 10 days should be 
evaluated and tested for the new virus to rule out such 
infection [17], though most likely another infection will 
be detected. Case management and infection control 
guidelines for A(H5N1) apply in the short term. This will 
include antiviral treatment given that the Chinese CDC 
promptly established that the A(H7N9)viruses are sus-
ceptible to neuraminidase inhibitors [4,5]. 

There is a standing procedure in place in Europe to send 
all non-subtypeable influenza A viruses isolated from 
humans promptly to the WHO Collaborating Center in 
London for further analysis. Notwithstanding this, 
ECDC, the WHO Regional Office for Europe, the WHO 
Influenza Collaborating Centre, the University of Bonn 
and the Community Network Reference Laboratories 
are working in together to make testing for A(H7N9) 

possible in all National Influenza Centres in Europe as 
soon as possible. 

Some candidate H7 and H9 vaccines viruses already 
exist under WHO’s strain selection system for the even-
tuality of an emerging virus [19]. They may not be effec-
tive against the new influenza A(H7N9) virus and once 
the regulatory laboratories have obtained the novel 
virus, WHO and presumably EU authorities will now 
need to consider if they wish to proceed with the very 
early stages of vaccine development as has been done 
for the candidate H7 and H9 viruses.    

Overall, how concerned Europe should be cannot yet 
be determined. The new virus is a reassortant virus 
based on an haemaglutinin antigen A(H7) to which 

Figure 2
Laboratory-confirmed cases of human influenza A(H7N9) 
by week of symptom onset and severity as of 10 April, 
China March–April 2013 (n=30) 
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most humans will not have been exposed. Therefore, 
if human-to-human transmission starts, and that is 
only an ‘if’, population immunity cannot be presumed. 
It would have to be assessed now by determining age-
specific sero-reactivity of human sera to this influenza 
A(H7N9) virus as a priority. Immunity, or lack of it, in the 
human population are key data required for assessing 
pandemic risk. As stated above, they needed to come 
from field investigations in China as well as seroepide-
miological studies in Europe based on protocols devel-
oped precisely for such situations [20].  

At this very moment it cannot be ruled out that there 
are some human-to-human transmissions causing 
mild or asymptomatic infections as happened in the 
Netherlands in 2003. It also remains unclear to what 
extent the predominance of severe disease may repre-
sent a bias because mainly people with severe disease 
are tested. Investigations of patients’ contacts includ-
ing serological studies, will clarify this point. Such 
investigations orchestrated by the Chinese CDC are 
underway. 

There will be many other calls for research and it will 
be important and difficult to prioritise. Fortunately a 
framework exists for making decisions on priorities. 
The Influenza Risk Assessment Tool (IRAT) has been 
developed since 2011 for this purpose by the United 
States (US) Centers for Disease Control and Prevention 
with some international partners [21,22].  It looks at 
10 parameters bundled into three families: properties 
of the virus, attributes of the population, ecology and 
epidemiology. It has already been deployed to inform 
US decisions on the A(H3N2)v vaccines. It does not 
predict pandemic risk or make decisions but it informs 
decisions. Though the IRAT is still being evaluated as 
a tool it will certainly indicate what should be some of 
the most important public health research priorities for 
A(H7N9). 

It is also important that the sequence and virological 
analyses are considered in combination with the epi-
demiological findings.  Despite the virological mark-
ers described in the recent  report from the WHO 
Collaborating Centres [5] it should not be seen as inevi-
table on the longer term that this reassortant A(H7N9) 
will develop efficient human-to-human transmissibility 
or become established in Europe, though both should 
be kept in mind as possibilities. Neither has happened 
for the highly pathogenic influenza A(H5N1) virus in the 
decade and a half since its emergence in China in 1996 
[23].  Despite multiple detections of the A(H5N1)virus 
in wild birds and some outbreaks in domestic poultry 
flocks in Europe, the high levels of biosafety in the EU 
have not permitted  A(H5N1) viruses to become estab-
lished in European domestic poultry.  It is fortunate 
that the European Commission and the Member States 
have since 2007 established surveillance for low path-
ogenicity avian influenza in domestic and wild birds 
in Europe [14]. The recent events have underlined the 
importance of this system.
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Novel influenza viruses of the H7N9 subtype have 
infected 33 and killed nine people in China as of 10 
April 2013. Their haemagglutinin (HA) and neuramini-
dase genes probably originated from Eurasian avian 
influenza viruses; the remaining genes are closely 
related to avian H9N2 influenza viruses. Several 
characteristic amino acid changes in HA and the PB2 
RNA polymerase subunit probably facilitate binding 
to human-type receptors and efficient replication in 
mammals, respectively, highlighting the pandemic 
potential of the novel viruses.

Humans are rarely infected with avian influenza 
viruses, with the exception of highly pathogenic avian 
influenza A(H5N1) viruses, which have caused 634 
infections and 371 deaths as of 12 March 2013 [1]. A few 
isolated cases of human infection with viruses of the 
H7N2, H7N3, and H7N5 subtypes have been reported, 
but none were fatal [2-11]. In 2003, in the Netherlands, 
89 people were infected with an influenza virus of the 
H7N7 subtype that caused conjunctivitis and one fatal-
ity [5,7].

On 19 February 2013, an 87 year-old man in Shanghai 
developed a respiratory infection and died on 4 March, 
and on 27 February 2013, a 27 year-old pork seller in 
a Shanghai market became ill and died on 10 March. 
A 35 year-old woman in Chuzhou City in Anhui prov-
ince (west of Shanghai), who had contact with poultry, 
became ill on 15 March 2013, and remains hospitalised 
in critical condition. There is no known epidemiologi-
cal relationship among these three cases. A 38 year-
old man in Hangzhou (Zhejiang province, south of 

Shanghai) became ill on 7 March 2013 and died on 27 
March. All four cases presented with respiratory infec-
tions that progressed to severe pneumonia and breath-
ing difficulties.

On 31 March 2013, the Chinese Centre for Disease 
Control and Prevention announced the isolation in 
embryonated eggs of avian influenza viruses of the 
H7N9 subtype (designated A/Shanghai/1/2013, A/
Shanghai/2/2013, and A/Anhui/1/2013) from the first 
three cases. The sequences of the coding regions of 
all eight viral genes were deposited in the influenza 
sequence database of the Global Initiative on Sharing 
All Influenza Data (GISAID) on 31 March (Table 1). On 
5 April 2013, the Hangzhou Center for Disease Control 
and Prevention deposited the haemagglutinin (HA), 
neuraminidase (NA), and matrix (M) gene sequences of 
A/Hongzhou/1/2013 virus (Table 1), which was isolated 
in cell culture from samples obtained from the 38 year-
old man.

All four human influenza A(H7N9) viruses are similar 
at the nucleotide and amino acid levels, suggesting a 
common ancestor. The HA gene of the novel viruses 
belongs to the Eurasian lineage of avian influenza 
viruses and shares ca. 95% identity with the HA genes 
of low pathogenic avian influenza A(H7N3) viruses iso-
lated in 2011 in Zhejiang province (south of Shanghai) 
(Figure 1, Table 2). The NA gene of the novel viruses is 
ca. 96% identical to the low pathogenic avian influenza 
A(H11N9) viruses isolated in 2010 in the Czech Republic 
(Figure 1, Table 2). 
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Table 1
Origin of influenza A(H7N9) isolates included in the phylogenetic analysis, China, February–April 2013 (n=7)

Segment ID Segment Isolate name Collection 
date Originating Laboratory Submitting 

Laboratory
Submitter/

Authors
EPI439488 PB2

A/Shanghai/1/2013 2013 -

WHO Chinese 
National Influenza 

Center
Lei Yang

EPI439489 PB1
EPI439490 PA
EPI439486 HA
EPI439491 NP
EPI439487 NA
EPI439493 M
EPI439494 NS
EPI439495 PB2

A/Shanghai/2/2013 2013 -

EPI439501 PB1
EPI439498 PA
EPI439502 HA
EPI439496 NP
EPI439500 NA
EPI439497 M
EPI439499 NS
EPI439504 PB2

A/Anhui/1/2013 2013 -

EPI439508 PB1
EPI439503 PA
EPI439507 HA
EPI439505 NP
EPI439509 NA
EPI439506 M
EPI439510 NS
EPI440095 HA

A/Hangzhou/1/2013 2013-03-24 Hangzhou Center for Disease 
Control and Prevention

Hangzhou Center for 
Disease Control and 

Prevention

Li,J; Pan,JC; 
Pu,XY; Yu,XF; 

Kou,Y; Zhou,YY
EPI440096 NA
EPI440097 M
EPI440682 PB2

A/Chicken/Shanghai
/S1053/2013 2013-04-03

Harbin Veterinary Research 
Institute

Harbin Veterinary 
Research Institute Huihui Kong

EPI440683 PB1
EPI440681 PA
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Figure 1
Phylogenetic analysis of the haemagglutinin (A) and neuraminidase (B) genes of the novel influenza A(H7N9) viruses, China, 
February–April 2013 (n=7)

HA: haemagglutinin; NA: neuraminidase.
Multiple alignments were constructed by using the CLUSTAL W algorithm. Genetic distances were calculated by using the Kimura’s 

2-parameter method [26], and phylogenetic trees were constructed by using the neighbour-joining method with bootstrap analyses of 1,000 
replicates in CLUSTAL W. Numbers next to nodes indicate bootstrap value percentages (>50%). 

Novel human H7N9 viruses are shown in red; novel H7N9 viruses from birds and the environment are shown in green; viruses with the 
highest similarities to the novel viruses are shown in blue. The HA clade names, North America, South America, and Eurasia, are based on 
epidemiological studies of H7 viruses [27,28].
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Figure 1
Phylogenetic analysis of the haemagglutinin (A) and neuraminidase (B) genes of the novel influenza A(H7N9) viruses, China, 
February–April 2013 (n=7)
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Multiple alignments were constructed by using the CLUSTAL W algorithm. Genetic distances were calculated by using the Kimura’s 

2-parameter method [26], and phylogenetic trees were constructed by using the neighbour-joining method with bootstrap analyses of 1,000 
replicates in CLUSTAL W. Numbers next to nodes indicate bootstrap value percentages (>50%). 

Novel human H7N9 viruses are shown in red; novel H7N9 viruses from birds and the environment are shown in green; viruses with the 
highest similarities to the novel viruses are shown in blue. The HA clade names, North America, South America, and Eurasia, are based on 
epidemiological studies of H7 viruses [27,28].
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The sequences of the remaining viral genes are 
closely related (>97% identity) to avian influenza 
A(H9N2) viruses, which recently circulated in poul-
try in Shanghai, Zhejiang, Jiangsu, and neighbouring 
provinces of Shanghai (Table 2, Figure 2). These find-
ings strongly suggest that the novel influenza A(H7N9) 
viruses are reassortants that acquired their H7 HA and 
N9 NA genes from avian influenza viruses, and their 
remaining genes from recent influenza A(H9N2) poultry 
viruses (Figure 1, Figure 3, Table 2).

At the nucleotide level, A/Shanghai/2/2013, A/
Anhui/1/2013, and A/Hangzhou/1/2013 share more 
than 99% identity and differ by no more than three 
nucleotides per gene, even though they were isolated 
in different cities several hundred kilometres apart. On 
7 April 2013, the Harbin Veterinary Research Institute 
deposited the full genome sequences of isolates from 
a pigeon (A/pigeon/Shanghai/S1069/2013), a chicken 
(A/chicken/Shanghai/S1053/2013), and an environ-
mental sample (A/environment/Shanghai/S1088/2013) 
that were collected on 2 and 3 April from a Shanghai 
market (Table 1). All eight genes of these three iso-
lates are similar to those of A/Shanghai/2/2013 and 
A/Anhui/1/2013 at the nucleotide level, except for the 
PB1 gene of A/pigeon/Shanghai/S1069/2013, which 
belongs to a different lineage than the PB1 of the other 
H7N9 isolates (Figures 1 and 2). 

Interestingly, A/Shanghai/1/2013 and A/
Shanghai/2/2013 differ by 52 nucleotides (for example, 
there are 13 nucleotide and nine amino acid differences 
in their HA sequences) even though these two cases 
were identified in the same city and at around the same 
time. These findings suggest that A/Shanghai/2/2013, 
A/Anhui/1/2013, A/Hangzhou/1/2013, as well as the 
viruses from the chicken and the environment, share 
a closely related source of infection, whereas A/
Shanghai/1/2013 and A/pigeon/Shanghai/S1069/2013 
are likely to have originated from other sources.

Highly pathogenic avian influenza viruses are char-
acterised by a series of basic amino acids at the 
HA cleavage site that enable systemic virus spread. 
The HA cleavage sequence of the novel influenza 
A(H7N9) viruses possesses a single basic amino acid 
(EIPKGR*GL; *indicates the cleavage site), suggesting 
that these viruses are of low pathogenicity in avian 
species.

The amino acid sequence of the receptor-binding site 
(RBS) of HA determines preference for human- or avian-
type receptors. At this site, A/Shanghai1/2013 encodes 
an A138S* mutation (H3 numbering; Figure 4, Table 3), 
whereas A/Shanghai/2/2013, A/Anhui/1/2013, the two 
avian isolates, and the virus from the environmental 
sample encode G186V and Q226L mutations; any of 
these three mutations could increase the binding of 
avian H5 and H7 viruses to human-type receptors [12-
14]. The finding of mammalian-adapting mutations in 
the RBS of these novel viruses is cause for concern. 
The A/Hangzhou/1/2013 isolate encodes isoleucine 
at position 226, which is found in seasonal influenza 
A(H3N2) viruses.

In addition, all seven influenza A(H7N9) viruses pos-
sess a T160A substitution (H3 numbering; Table 3) in 
HA, which is found in recently circulating H7 viruses; 
this mutation leads to the loss of an N-glycosylation 
site at position 158 (H3 numbering; position 149 in H7 
numbering), which results in increased virus binding to 
human-type receptors [15].

Lysine at position 627 of the polymerase PB2 protein 
is essential for the efficient replication of avian influ-
enza viruses in mammals [16] and has been detected 
in highly pathogenic avian influenza A(H5N1) viruses 
and in the influenza A(H7N7) virus isolated from the 
fatal case in the Netherlands in 2003 [17]. PB2-627K is 
rare among avian H9N2 PB2 proteins (i.e. it has been 
found in only five of 827 isolates). In keeping with this 
finding, the avian and environmental influenza A(H7N9) 

Table 2
Nucleotide identity of novel influenza A(H7N9) virus genes and their closest relative, China, February–April 2013

Viral gene Closest influenza virus relative Nucleotide identity (%)
PB2 A/brambling/Beijing/16/2012(H9N2) 99
PB1 A/chicken/Jiangsu/Q3/2010(H9N2) 98
PA A/brambling/Beijing/16/2012(H9N2) 99
HA A/duck/Zhejiang/12/2011(H7N3) 95
NP A/chicken/Zhejiang/611/2011(H9N2) 98
NA A/mallard/Czech Republic/13438-29K/2010(H11N9) 96
M A/chicken/Zhejiang/607/2011(H9N2) 98
NS A/chicken/Dawang/1/2011(H9N2) 99

HA: haemagglutinin; M: matrix gene; NA: neuraminidase; NP: nucleoprotein; NS: non-structural gene; PA: RNA polymerase acidic subunit; 
PB1: RNA polymerase basic subunit 1; PB2: RNA polymerase basic subunit 2.
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Figure 2
Phylogenetic analysis of the six remaining genes of the novel influenza A(H7N9) viruses, China, February–April 2013 (n=7)

PB2: RNA polymerase basic subunit 2.

Multiple alignments were constructed by using the CLUSTAL W algorithm. Genetic distances were calculated by using the Kimura’s 
2-parameter method [26], and phylogenetic trees were constructed by using the neighbour-joining method with bootstrap analyses of 1,000 
replicates in CLUSTAL W. Numbers next to nodes indicate bootstrap value percentages (>50%). 

The novel human H7N9 viruses are shown in red; novel H7N9 viruses from birds and the environment are shown in green. Influenza viruses 
whose HA and NA genes are most closely related to the novel human H7N9 viruses are shown in blue. 
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Figure 2
Phylogenetic analysis of the six remaining genes of the novel influenza A(H7N9) viruses, China, February–April 2013 (n=7)

PB1: RNA polymerase basic subunit 1.

Multiple alignments were constructed by using the CLUSTAL W algorithm. Genetic distances were calculated by using the Kimura’s 
2-parameter method [26], and phylogenetic trees were constructed by using the neighbour-joining method with bootstrap analyses of 1,000 
replicates in CLUSTAL W. Numbers next to nodes indicate bootstrap value percentages (>50%). 

The novel human H7N9 viruses are shown in red; novel H7N9 viruses from birds and the environment are shown in green. Influenza viruses 
whose HA and NA genes are most closely related to the novel human H7N9 viruses are shown in blue. 
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Figure 2
Phylogenetic analysis of the six remaining genes of the novel influenza A(H7N9) viruses, China, February–April 2013 (n=7)

PA: RNA polymerase acidic subunit.

Multiple alignments were constructed by using the CLUSTAL W algorithm. Genetic distances were calculated by using the Kimura’s 
2-parameter method [26], and phylogenetic trees were constructed by using the neighbour-joining method with bootstrap analyses of 1,000 
replicates in CLUSTAL W. Numbers next to nodes indicate bootstrap value percentages (>50%). 

The novel human H7N9 viruses are shown in red; novel H7N9 viruses from birds and the environment are shown in green. Influenza viruses 
whose HA and NA genes are most closely related to the novel human H7N9 viruses are shown in blue. 
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Figure 2
Phylogenetic analysis of the six remaining genes of the novel influenza A(H7N9) viruses, China, February–April 2013 (n=7)

NP: nucleoprotein.

Multiple alignments were constructed by using the CLUSTAL W algorithm. Genetic distances were calculated by using the Kimura’s 
2-parameter method [26], and phylogenetic trees were constructed by using the neighbour-joining method with bootstrap analyses of 1,000 
replicates in CLUSTAL W. Numbers next to nodes indicate bootstrap value percentages (>50%). 

The novel human H7N9 viruses are shown in red; novel H7N9 viruses from birds and the environment are shown in green. Influenza viruses 
whose HA and NA genes are most closely related to the novel human H7N9 viruses are shown in blue. 
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Figure 2
Phylogenetic analysis of the six remaining genes of the novel influenza A(H7N9) viruses, China, February–April 2013 (n=7)

M: matrix gene.

Multiple alignments were constructed by using the CLUSTAL W algorithm. Genetic distances were calculated by using the Kimura’s 
2-parameter method [26], and phylogenetic trees were constructed by using the neighbour-joining method with bootstrap analyses of 1,000 
replicates in CLUSTAL W. Numbers next to nodes indicate bootstrap value percentages (>50%). 

The novel human H7N9 viruses are shown in red; novel H7N9 viruses from birds and the environment are shown in green. Influenza viruses 
whose HA and NA genes are most closely related to the novel human H7N9 viruses are shown in blue. 
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Figure 2
Phylogenetic analysis of the six remaining genes of the novel influenza A(H7N9) viruses, China, February–April 2013 (n=7)

NS: non-structural gene.

Multiple alignments were constructed by using the CLUSTAL W algorithm. Genetic distances were calculated by using the Kimura’s 
2-parameter method [26], and phylogenetic trees were constructed by using the neighbour-joining method with bootstrap analyses of 1,000 
replicates in CLUSTAL W. Numbers next to nodes indicate bootstrap value percentages (>50%). 

The novel human H7N9 viruses are shown in red; novel H7N9 viruses from birds and the environment are shown in green. Influenza viruses 
whose HA and NA genes are most closely related to the novel human H7N9 viruses are shown in blue. 
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A/chicken/Xiangshui/1/2011 (H9N2)

A/chicken/Shandong/B2/2007 (H9N2)
A/chicken/Guangdong/ZCY/2011 (H9N2)

A/chicken/Tongshan/1/2011 (H9N2)

A/chicken/Zhejiang/329/2011 (H9N2)
A/chicken/Zhejiang/607/2011 (H9N2)

A/chicken/Shanghai/C1/2012 (H9N2)
A/chicken/Jiangsu/Q3/2010 (H9N2)

A/chicken/Anhui/HF/2010 (H9N2)

A/turkey/Wisconsin/66 (H9N2)
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viruses analysed here encode PB2-627E. By contrast, 
all four human H7N9 viruses analysed here encode 
PB2-627K (Table 3).

Antiviral compounds are the first line of defense 
against novel influenza viruses until vaccines become 
available. All seven novel influenza A(H7N9) viruses 
sequenced to date encode the S31N substitution in the 
viral ion channel M2 (encoded by the M segment) (Table 
3), which confers resistance to ion channel inhibitors 
[18,19]. Based on the sequences of their NA proteins, 
all H7N9 viruses analysed here, with the exception of 
A/Shanghai/1/2013, should be sensitive to neuramini-
dase inhibitors (Table 3). However, the R294K mutation 
in the NA protein of A/Shanghai/1/2013 is known to 

confer resistance to NA inhibitors in N2 and N9 subtype 
viruses [20], and is therefore of great concern.

All H7N9 viruses encode a deletion at positions 69–73 
of the NA stalk region (Table 3), which is reported to 
occur upon virus adaptation to terrestrial birds. This 
finding suggests that the novel H7N9 viruses (or their 
ancestor) may have circulated in terrestrial birds before 
infecting humans. Moreover, this deletion is associated 
with increased virulence in mammals [21].

The influenza A virus PB1-F2 protein (encoded by the 
PB1 segment) is also associated with virulence. The 
available sequences indicate that the H7N9 PB1 genes 
of all of the human viruses encode a full-length PB1-F2 
of 90 amino acids, but lack the N66S mutation that is 

Figure 3
Schematic diagram of novel influenza A(H7N9) virus generation 

HA: haemagglutinin; NA: neuraminidase.
The novel influenza A(H7N9) viruses are likely to have acquired their HA gene from an avian H7 virus of unknown NA subtype, their NA gene 

from an avian N9 virus of unknown HA subtype, and their remaining six viral segments from avian H9N2 viruses circulating in poultry.
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associated with the increased pathogenicity of the 1918 
pandemic virus and the highly pathogenic avian influ-
enza A(H5N1) viruses [22]. Interestingly, the pigeon iso-
late encodes a truncated PB1-F2 of only 25 amino acids; 
the significance of this truncation is unknown.

The NS1 protein (encoded by the NS segment) is an 
interferon antagonist with several functions in the viral 
life cycle. All available H7N9 NS1 sequences lack the 
C-terminal PDZ domain-binding motif; the lack of the 
PDZ domain-binding motif may attenuate these viruses 
in mammals [23].

Other amino acids in the NS1 and matrix (M1; encoded 
by the M segment) proteins of the novel viruses are 
also associated with increased virulence (Table 3) 
[24.25]. However, these amino acids are found in many 

avian influenza viruses, and therefore, their signifi-
cance for the biological properties of the novel influ-
enza A(H7N9) viruses is currently unclear. 

In conclusion, we here present a biological evalua-
tion of the sequences of the avian influenza A(H7N9) 
viruses that caused fatal human infections in China. 
These viruses possess several characteristic features 
of mammalian influenza viruses, which are likely to 
contribute to their ability to infect humans and raise 
concerns regarding their pandemic potential.

*Authors’ correction: 
The mutation A138S was erroneously written as S138A in the 
original publication. This mistake was corrected on 13 April 
2013

Figure 4
Amino acid changes in the three novel influenza A(H7N9) viruses that may affect their receptor-binding properties, China, 
February–April 2013 (n=7)

Shown is the three-dimensional structure of three monomers (light and dark gray) of the influenza A(H7N7) virus (A/Netherlands/219/2003) 
haemagglutinin (accession code 4DJ8). Also shown is the part of 6’-sialyl-N-acetyllactosamine (a sialyloligosaccharide) to which human 
viruses bind preferentially (yellow). Indicated are amino acid changes in the H7N9 virus haemagglutinin protein at positions known to 
increase binding to human-type receptors.
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In January 2013 in the Netherlands, a man in his 50s 
from Suriname underwent hemihepatectomy because 
of a cystic liver mass, assumed to be a cystadenoma. 
Pathology revealed an echinococcal infection. PCR 
analysis of cyst material identified Echinococcus 
vogeli, causing polycystic hydatid disease. This echi-
nococcus species is rarely diagnosed outside South 
America. The patient received adequate treatment, but 
this case emphasises the importance of awareness 
of this infection when treating patients with cystic 
tumours from endemic areas.

Case description
In October 2012, a man in his 50s of Surinamese 
descent noticed a painless mass in his right upper 
abdomen and was referred to the surgical depart-
ment of the Academic Medical Center in Amsterdam, 
the Netherlands. Until 1984, he had been living in 
Suriname, where his work in hydrography entailed 
exploring all rivers in this country, frequently under 
primitive conditions. His medical history was other-
wise unremarkable. Physical examination confirmed 
a palpable mass in the right abdomen. Routine hae-
matology laboratory testing was normal, except for a 
slightly elevated percentage of eosinophils in the white 
blood cell differential (0.65%, no absolute count was 
performed). Liver biochemistry tests and alpha1-feto-
protein were not elevated. Imaging (abdominal com-
puted tomography  scan, Figure 1) showed a solitary, 
large multilocular cyst in the right side of the liver with 
diffuse calcifications. 

Figure 1
Computed tomography scan of the abdomen of a patient 
with Echinococcus vogeli infection, the Netherlands, 
January 2013

The arrowed lines indicate the extent of the cyst.

dinsdag 9 april 13

Figure 2
Perioperative photograph of right hemihepatectomy of a 
patient with Echinococcus vogeli infection, the Netherlands, 
January 2013
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Figure 3
Histopathological examination of the liver of right hemihepatectomy of a patient with Echinococcus vogeli infection, the 
Netherlands, January 2013

A. Section of the liver showing a multilocular cystic tumour (diameter 18 cm).

B. Microscopic examination (hematoxylin and eosin stain, 100x) showing cystic spaces lined by laminated membranes (arrow) and surrounded  
by a rim of histiocytes (asterix). The cystic spaces were filled with necrotic debris and numerous protoscolices (arrowhead).

C. Detail of protoscolix with hooklets (hematoxylin and eosin stain, 400x).

D. Periodic acid-Schiff (PAS) stain (200x) showing laminated PAS-positive membranes (arrow) and rim of histiocytes and multinucleated giant 
cells facing the hydatid cysts (asterix).
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Because a cystadenoma with possible malignant 
degeneration was suspected, he underwent right 
hemihepatectomy (Figure 2), in January 2013, which 
was successful. Much to the surprise of the surgeon, 
microscopic examination of the cyst fluid revealed pro-
toscolices and hooklets, consistent with echinoccocal 
infection. 

Histopathological examination of the liver showed a 
multilocular cystic tumour with a diameter of 12 cm. 
The cystic spaces were filled with necrotic debris, 
numerous protoscolices and hooklets and laminated 
periodic acid-Schiff-positive membranes. The lesion 
was surrounded by fibrosis with eosinophilic and lym-
phoplasmacytic inflammatory infiltrate and a rim of 
histiocytes and multinucleated giant cells directly fac-
ing the hydatid cysts (Figure 3).

Post-operative Echinococcus serology [1] was posi-
tive (indirect haemagglutin test 1: 320). Because of 
the atypical nature of the cyst, a specific polymerase 
chain reaction (PCR) was performed on cyst mate-
rial., amplifying the mitochondrial 12S rRNA gene. The 
primers used were derived from the PCR developed 
by Trachsel et al. [2].  The reverse primer, Cest12Sr 
(GCGGTGTGTACITGAGITAAAC) was basically the same 
as Cest5 from Trachsel et al., but the forward primer, 
Ech12Sf (AAAIGGTTTGGCAGTGAGIGA) was designed 
by ourselves (unpublished data).  The PCR results 
in a product of 285 nucleotides. Sequence analysis 
of the PCR product showed important similarity to 
Echinococcus vogeli (Figure 4).

Background
Most patients with echinococcis in the Netherlands 
are migrants from eastern Europe, northern Africa, 
Turkey and the Middle East and are diagnosed with 
cystic echinococcosis. The so-called hydatid cysts 
are caused by Echinococcus granulosus sensu lato, a 
tapeworm of dogs, the definite hosts. Livestock (cat-
tle, pigs, goats, sheep, camels) become intermediate 
hosts* after ingestion of eggs, with cyst formation in 
visceral organs. Infected humans can become inter-
mediate (but dead-end) hosts themselves, with cysts 
in several organs as well. The liver is most affected, 
but sometimes also the spleen, lungs, muscles, bones 
and even the central nervous system are involved. The 
cysts may cause pain or discomfort by their size, but 
are often asymptomatic and coincidentally diagnosed. 
Cyst rupture into the abdominal cavity is an uncommon 
but life-threatening complication, resulting in anaphy-
laxis and seeding of the infection. This may also be 
caused by surgical perforation of cysts [3].

Discussion
In the Center for Tropical and Travel Medicine in the 
Academic Medical Center in Amsterdam, a total of 133 
patients with echinococcal disease have been treated 
in the last decade, with approximately 20 new cases 
being referred each year [4]. Although other hospitals 
in the Netherlands also diagnose new cases, most 
patients are referred to the Academic Medical Center 
because of its specific expertise in ultrasound diagno-
sis and treatment with percutaneous techniques and 
adjuvant chemotherapy with albendazol [5]. 

Figure 4
Sequence comparison of the mitochondrial 12S rRNA gene sequences of Echinococcus species from GenBank and from a 
patient with E. vogeli infection**, the Netherlands, January 2013
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Alignment of polymorphic sites in the alignment of 230 nucleotides of the 12S rRNA gene sequence of various Echinococcus species retrieved 
from the GenBank nucleotide sequence database (accession numbers DQ408426.1, EF143835.1, GQ168813.1, FJ608743.1, AB235846.1, 
EU541210.1, AB235847.1, AB235848.1, EU043371.1, AJ237779.1, and FJ426641.1). The position of the polymorphic sites is indicated relative 
to position 94 in E. vogeli 12S rRNA gene with GenBank accession number DQ408426.1. The number of polymorphisms clearly shows 
similarity of the patient’s sequence to the E. vogeli sequence in GenBank, and dissimilarity to other Echinococcus species. Identical 
positions are indicated with a dot, alignment gaps are indicated with a dash.

**The GenBank accession number was added on 17 April 2013.
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Alveolar echinococcosis is caused by Echinococcus 
multilocularis, a tapeworm favouring the fox as a defi-
nite host. This is a more aggressive type of infection, 
often necessitating surgery and lifelong chemother-
apy. Recently, a first case of probable locally acquired 
E. multilocularis in the Netherlands has been described 
[6]; in Denmark, the parasite has been detected in fox 
populations [7]. 

E. vogeli, as described in our patient, occurs in South 
America [8-13], including Suriname [8,13], as a tape-
worm of the bush dog, with rodents as intermediate 
hosts. In humans, it may cause polycystic hydatid dis-
ease and is described in a small, but growing number 
of patients from this area [8-13]. To the best of our 
knowledge, this is the first report of E. vogeli in the 
Netherlands and probably also in Europe. As shown 
in our patient, the diagnosis is easily missed and may 
be mistaken for malignancy. Fortunately, the correct 
therapy was administered: radical surgery with no spill 
of cystic content, to be followed by at least six months 
of albendazol and lifelong surveillance. However, if this 
diagnosis had been considered before the operation, 
therapy with albendazol would probably have been 
started pre-operatively and antihistamnics adminis-
tered peri-operatively.

Conclusion
In patients originating from endemic areas who have 
otherwise unexplained cystic masses, especially in 
the liver, the differential diagnosis must include echi-
nococcosis. Most such patients in the Netherlands 
are diagnosed with E. granulosus. The case described 
here indicates that other pathogenic species such as 
E. vogeli, causing a different type of cystic disease, 
should also be considered. This, and earlier reports 
[8-13] from South America, show that E. vogeli is prob-
ably endemic to some parts of this continent.
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Mortality monitoring systems are important for gaug-
ing the effect of influenza and other wide ranging 
health threats. We present the daily all-cause mor-
tality monitoring system routinely used in Scotland, 
which differs from others by using two different sta-
tistical models for calculating expected mortality. The 
first model is an extended Serfling model, which cap-
tures annual seasonality in mortality using sine and 
cosine terms, and is frequently seen in other systems. 
Serfling models fit to summer seasonality well, but 
not to the winter peak. Thus, during the winter, there 
are frequent `excesses’, higher than expected mortal-
ity, making it harder to directly judge if winter mortal-
ity is higher than in previous years. The second model, 
a Generalised Additive Model, resolves this by allow-
ing a more flexible seasonal pattern that includes the 
winter peak. Thus, excesses under the second model 
directly indicate if winter mortality is higher than in 
previous years, useful, for example, in judging if a new 
strain of seasonal influenza is more likely to produce 
death than previous ones. As common in all-cause 
mortality monitoring systems, the Scottish system 
uses a reporting delay correction: we discuss the dif-
ficulties of interpretation when such a correction is 
used and possible avenues for future work that may 
address these difficulties.

Introduction
Mortality surveillance systems are used to monitor for 
unexpected increases in mortality and are important in 
monitoring public health. For example, they are used 
to gauge the effect of influenza [1-3] and to track heat 
waves and other wide-ranging public health threats 
[4-7]. Such systems are currently used in: Belgium [8]; 
England and Wales [9]; Portugal [4]; Sweden [5]; and 
the United States [1]. A project funded by the European 
Commission, called the European monitoring of excess 
mortality for public health action, EuroMOMO, worked 
to improve the real time monitoring of mortality in 
Europe [3,6,10]. Among its outcomes was the develop-
ment of a common consensus system (A-MOMO) for 
use across Europe, to allow for comparable monitoring 
between Member States [3,6].

We present the Scottish daily all-cause mortality sur-
veillance system used by Health Protection Scotland 
(HPS) [11]. This system uses mortality data collated by 
the National Records of Scotland (NRS) [12] to automati-
cally carryout statistical analysis and produce support-
ing documentation. Our system differs from others by 
utilising two statistical models for calculating expected 
mortality, against which observed levels are compared 
to detect if mortality is unusually high.

The first model uses sine and cosine terms to model 
seasonal variation in mortality, extending an earlier 
model developed by Serfling [13], as is commonly used 
in other systems [2,4,7]. This model captures summer 
seasonality well, but does not follow the winter peak 
closely (Figure 1). Thus, in Serfling models, excess 
mortality essentially corresponds to mortality above 
that expected during the summer – during the winter 
months this is described as `excess winter mortality’ 
[14]. While influenza may not be the primary driver of 
excess winter mortality, there is a strong association 
between them, making excess mortality a useful indi-
cator of influenza [15,16]. 

The second model uses Generalised Additive Models 
(GAMs) [17]. GAMs allow for a less restrictive seasonal 
pattern and so can fit more closely to the winter peak 
(Figure 1; see [18] for a comparison of approaches to 
modelling seasonality). Thus, the increase of mortal-
ity during the winter is treated as part of the usual 
seasonal pattern (giving different excess mortality to 
that of the Serfling model). Consequently, the severity 
of any seasonal or pandemic influenza (for example, 
influenza A(H1N1) pdm09 [19]) can more readily be com-
pared with what is usually expected during the winter. 

Methods

Collected data
Details of most deaths (≥95%) are transferred elec-
tronically to NRS from local Registrars’ offices. Data 
is made available each weekday (Monday to Friday) 
to HPS on such deaths (currently, data is emailed but 
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Figure 1
The daily totals of deaths occurring in Scotland, 1 October 2006–29 April 2009

GAM: Generalised Additive Model.
The daily totals for all days of each year are shown. The dashed vertical black lines indicate 1 January for each year. The coloured lines 

give the fits of the two statistical models used to calculate expected numbers of deaths in the mortality surveillance system. The GAMs 
(green) follow the winter peaks, which occur at the beginning of each year, more closely, while the Serfling model (red) captures summer 
seasonality (corresponding with those times where the models are at their lowest values, the troughs between the winter peaks) more 
smoothly and consistently. 
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development is underway on automating the transfer). 
This arrangement is possible since all-cause mortal-
ity data has not been subject to the validity checking 
process whereby verification of the cause of death 
is established and ultimately published a number of 
months later as an official statistic. For each death, the 
sex, age at time of death, postcode of last known resi-
dence, date of death and date of registration are col-
lected. Postcode sectors are used to link deaths with 
particular geographical regions in Scotland (typically, 
health boards, the 14 geographical subdivisions of the 
Scottish health service).

Data characteristics
On average, there are 152 deaths per day in Scotland, 
with little difference between days of the week [20]. 
Mortality reaches a peak around the turn of the year 
and is at its lowest during the summer. As would be 
expected in an industrialised country, there are rela-
tively few deaths at young ages. We use the age group-
ings generally adopted by HPS: 0–14, 15–44, 45–64, 
65–74, 75–84 and ≥85 years. There are different sea-
sonalities in mortality among these groups and differ-
ent levels between the sexes. The biggest differences 
are seen in the older groups (65–74, 75–84 and ≥85 
year-olds), in both seasonal level and pattern.

Developing statistical models for the 
calculation of expected mortality
We fitted regression models to the daily totals of 
deaths aggregated by date of death (Figure 1). The fol-
lowing models were developed on data from 1 October 
2006 to 14 May 2009, excluding the last two weeks to 
reduce the effect of unreported deaths. 

Serfling model development
Serfling’s model is extended to the following, where 
a Poisson Generalised Linear Model (GLM) is fitted to 
the daily mean of observed deaths, µtsa , for each age 
group a and sex s:

 

 

where the βk are coefficients; Sexs is a factor with two 
levels; Age.Gpa is a factor with a level for each age 
group; Trendt is the number of day t as numbered 
from the first day (Trendt = t); pt gives the within-year 
time, which begins at zero on 1 January and increases 

Table 1
Fit statistics of the Serfling models fitted to the daily totals of observed deaths occurring in Scotland, 1 October 2006–29 
April 2009 

Model description (unique elements, 
beyond those described in the caption)

Null 
deviance

Residual 
deviance

Explained 
deviance

% Deviance 
explained

Null 
degrees of 

freedom

Residual 
degrees of 

freedom

Used 
degrees of 

freedom
AIC

Interaction of age and first seasonal 
harmonic 105,993 12,277 93,716 88 11,303 11,277 26 54,059

Interaction of Younga and first 
seasonal harmonic 105,993 12,280 93,713 88 11,303 11,281 22 54,054

Second seasonal harmonic; second 
order interactions between both 
seasonal harmonics and each of age 
and Younga

105,993 12,150 93,843 89 11,303 11,271 32 53,944

Model defined by Equation (1); as 
above, but no interaction between 
second seasonal harmonic and  
Younga

105,993 12,152 93,841 89 11,303 11,277 26 53,934

AIC: Akaike Information Criterion.

All models include the first seasonal harmonic, factors for age group and sex, and second order interactions between: age group and sex; sex 
and the seasonal harmonics. Both by analyses of deviance and comparison of AICs (a lower AIC is favoured), the model defined by Equation 
(1) is the preferred model. It is not appropriate to use a goodness-of-fit test on this model, as it fits to very low counts in the youngest age 
groups, which violates the large sample assumptions of the test.

(1)
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by 1/365 or 1/366 increments, depending on the num-
bers of days in that year; Younga is similar to Age.Gpa, 
except that the three youngest groups (0–14, 15–44 
and 45–64) share the same level; A : B denotes the 
interaction of terms A and B. The inclusion of an inter-
action term allows two variables to affect the mean in 
a more complex way than simply additively; for exam-
ple, Sexs : Age.Gpa allows a different level for each sex 
and age combination. The development of this model is 
outlined in Table 1. The introduction of Younga allows 
for a parsimonious model while still allowing greater 
seasonal variation in the older groups. 

Essentially, this model is very similar to those used in 
other mortality monitoring systems: there is a linear 
trend and seasonality is modelled with sine and cosine 
terms [3,4,7,9]. It differs from A-MOMO by being fitted 
to daily data, as in the approach by Cox et al. [7], and 
using data from the whole year, as described in the 
works of Cox et al. and Hardelid et al. [7,9]. In contrast 
with models from other systems, differences between 
age groups and sex are addressed in one model by 
using factors (Age.Gpa, Younga and Sexs), while other 
systems fit separate regression models to appropriate 
data subsets. A standard Poisson model suffices for 
the Scottish data [20].

Generalised Additive Models development
Using GAMs, we fitted models that follow the winter 
peak more closely. A GAM allows a `spline’ to be fit-
ted to data, a process by which the data range is split 
into separate sections, delineated by a series of `knot 
points’, within which a simple curve is fitted to the data 
contained therein (see [21] for an introduction). The 
Mixed GAM Computation Vehicle with GCV/AIC/REML 

smoothness estimation (mgcv) package is used to fit 
the following GAMs [17].

We first determine if the daily means of deaths µt are 
best modelled with a separate spline for each age 
group a and sex s combination (n=12 models):
 

 

or, if the seasonality for both sexes in each age group 
can be modelled with the same spline, with an additive 
sex factor to address differences in level (n=6 models):
 
 

In these Poisson GAMs, f(pt) is a cyclic cubic regression 
spline with 52 weekly knots, fitted to the within period 
time pt. The use of a cyclic regression spline ensures 
a smooth seasonal pattern. We choose between 
these models by comparing their Akaike Information 
Criterions (AICs, [22]) as shown in Table 2. For each 
age group in the models defined by Equation (2), we 
sum the AICs of the models for each sex to allow for 
comparison with the models defined by Equation (3). 
The GAMs defined by Equation (3) are to be preferred 
in three age groups (45–64, 65–74 and 75–84 years), 
while in two groups there is little difference (0–14 
and ≥85 years). Thus, we choose models defined by 
Equation (3).

Next, we investigate more parsimonious models result-
ing from using fewer knots. We choose from among sets 
of knots placed at regular intervals (weekly, fortnightly 
and monthly) and sets where knot locations vary from 
a higher density around the winter solstice, to a lower 
one around the summer solstice (Figure 2). The latter 

Table 2
Comparisons of Akaike Information Criterion between the Generalised Additive Models that adopt different approaches to 
modelling seasonality (separate models versus use of a factor)

Age in years
Separate GAM for each age and sex – Equation (2)

Sex factor – Equation (3) Lowest AIC
Females Males Sexes combined

0–14 1,512.79 1,747.18 3,259.97 3,261.42 Equation (2)
15–44 3,263.70 4,140.83 7,404.53 7,411.06 Equation (2)
45–64 4,727.36 5,233.78 9,961.15 9,952.85 Equation (3)
65–74 5,084.46 5,426.35 10,510.81 10,500.31 Equation (3)
75–84 5,784.34 5,704.85 11,489.19 11,475.05 Equation (3)
≥85 5,944.66 5,211.47 11,156.13 11,158.30 Equation (2)

AIC: Akaike Information Criterion; GAM: Generalised Additive Model.

The GAM defined by Equation (2) has a separate spline for each age group and sex combination, while the GAM defined by Equation (3) uses 
the same spline for both sexes but utilises a factor to capture differences in seasonal levels. For the models defined by Equation (2), the AICs 
for each sex, within each age group, are summed (‘Sexes combined’) to allow for comparison with the models defined by Equation (3).
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sets of knots are motivated by noting an association 
between hours of daylight and levels of mortality dur-
ing the winter [20]. 

The resulting AICs for fitting the models defined by 
Equation (3) to each age group and knot set are shown 
in Table 3. There is little change in AIC over this wide 
range of models, but the fit of the models in the older 
groups improves with the addition of more knots. The 
more clearly defined seasonal patterns in the older age 
groups, available from the greater number of deaths in 
these groups, can be more closely modelled by using 
a greater number of knots [20]. However, note that 
AICs cannot directly be used for choosing between 
knot sets. Instead, a pragmatic approach is adopted. 
For each age group, we choose the set of knots where 
the AIC levels off and is consistent with the fewest 
knots. However, to ease interpretation, we also want 
to use the same set of knots across all age groups. 
Given these constraints, we choose set B, containing 
16 knots (Figure 2). 

Reporting delay correction
There is a median reporting delay of one day. Thus, 
to increase the likelihood of detecting excesses more 
quickly, the empirical cumulative distributions of 
delays are used to inflate totals of reported deaths 
from recent days, which are likely to be underreported 
because of delayed reporting (similar methods are used 
by other authors [9,10]). As over 99% of deaths are 
reported within 14 days, only reporting totals from the 
last two weeks are corrected. Delays are measured in 
terms of working days, since negligible totals of deaths 
are reported at the weekend and on public holidays, 
when Registrars’ offices are closed. Delay distributions 
are grouped into four day types: weekdays (Monday to 
Friday); Saturdays; Sundays; and public holidays. An 
example of these being used to correct national totals 

is given in Supplementary Table 1 (http://preview.tiny-
url.com/c6ktyrr). 
The following formula is used to calculate the delay 
corrected reporting total Cisat for age a, sex s, for day 
t – i (0 < i < 13) for use on day t:

where Rsati is the total number of deaths occurring 
on day t - i that have been reported by day t, and  
Dd(t – i),g(a,s),w(i) is the proportion of deaths expected to be 
reported by w(i) working days after day t - i, for the 
appropriate day type d(t – i) (either weekday, Saturday, 
Sunday or public holiday), in group g(a,s) (one of: 0–14, 
45–64, 65–74, 75–84, ≥85 years age groups, but with 
separate groups for males and females aged 15–44 
years). Currently, the Dd(t – i),g(a,s),w(i) are calculated from 
the delays in the reporting of deaths occurring between 
1 October 2006 and 29 April 2009. The groupings of 
g(a,s) reflect that the delays for most age groups are 
similar across the sexes, except for the 15–44 year-old 
group, where reports for males tend to be delayed for 
longer, as they are frequently subject to autopsies fol-
lowing violent deaths. 

Model for monitoring reporting levels
We fitted the following Poisson GAM to the mean daily 
total µRt of reported deaths (that is, daily totals of 
reports aggregated by date of registration, rather than 
date of death as is used above):

where: Dayt is a factor with a level for each week day 
(no deaths can be registered at the weekend); and 
Holidayt is a factor indicating if day t is a public holi-
day, modelling the lower levels of reporting on such 
days. Factor Dayt models the differences in reporting 

Table 3
The Akaike Information Criterions of the Generalised Additive Models defined by Equation (3) with different sets of knot 
points 

Age group  
in years

Sets of knots considered (n=number of knots)
Weekly

(52)
Fortnightly

(26)
Manually chosen–D

(21)
Manually chosen–C

(18)
Manually chosen–B

(16)
Monthly

(12)
Manually chosen–A

(11)
0–14 3,261.42 3,261.72 3,263.55 3,263.21 3,258.56 3,258.56 3,258.56
15–44 7,411.06 7,411.07 7,411.08 7,411.13 7,411.14 7,411.12 7,411.22
45–64 9,952.85 9,953.32 9,952.22 9,954.31 9,951.37 9,961.44 9,962.50
65–74 10,500.31 10,503.66 10,503.53 10,501.76 10,506.11 10,506.23 10,506.44
75–84 11,475.05 11,475.76 11,480.02 11,482.72 11,485.77 11,485.98 11,485.85
≥85 11,158.30 11,158.43 11,157.82 11,158.72 11,158.65 11,164.53 11,162.58

Knots placed at regular intervals include those described as weekly, fortnightly and monthly. The position of the manually specified knot sets 
are shown in Figure 2.
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levels between days: for example, Mondays tend to 
have the highest level of reporting, since they are the 
first opportunity for weekend deaths to be reported. 
Linked with such deferred reporting, Dayt is set to 
Monday levels for any day following a public holiday. 
This model allows reporting levels to be monitored 
(Figure 3).

General system 
The separate elements described thus far are brought 
together to produce a mortality surveillance system, 
as outlined in Figure 4. Details of the latest deaths are 
retrieved from NRS and used to update totals recorded 
within the system. The delay correction is used to 
inflate the reported totals for recent days to reduce the 
effect of delayed reporting. Expected mortality can be 
calculated from either the Serfling model or GAM, and 
then compared to the corrected totals. Plots and sum-
maries of the expected and (delay corrected) observed 
values are made, and excesses determined. When an 
excess occurs, it can be investigated with the aid of 
the reporting level monitoring model, to determine 
whether an excess is genuine, or more likely to be an 

artificial product of the delay correction and an unu-
sual reporting pattern. 

In the HPS system, an excess occurs when the cor-
rected reporting total for any sex, within any age 
group, on any day, exceeds the upper limit of the 99% 
prediction interval for the expected mortality for that 
group on that day. The size of an excess is defined as 
the difference between the expected and corrected 
reporting total. The total excess deaths for any day are 
found by summing the sizes of any excesses occurring 
across the twelve age/sex combinations. Obviously, 
excesses will vary with the model chosen for calculat-
ing the expected numbers of deaths, particularly dur-
ing the winter. 

System use and outputs
In preparation for the influenza season, the statis-
tical models are annually re-estimated at the end 
of September, using data from 2001 to the present 
period. Predictions of expected levels are then made 
from October onwards for the coming year. Similarly, 
from 2012, the reporting delay distributions will also 
be annually updated (however, they are relatively sta-
ble). The system and its data are audited as part of the 
seasonal influenza review.

Plots produced by the system show daily totals of 
deaths, ranges of expected values and any excesses, 
allowing easy interpretation of the current state of 
mortality (for example, see Figure 3). Recent data, sub-
ject to the reporting delay correction, is highlighted 
to emphasise how totals for this period can fluctuate, 
as delayed reports continue to accumulate. Besides 
a graph of national figures (n=1 plot), other plots are 
also produced for each sex (n=2), age group (n=14) and 
health board (n=14). 

From 2011/12, the system is run daily at HPS (as it was 
during the influenza A(H1N1)pdm09 pandemic). Output 
from the system (primarily, the plots described above) 
is reviewed at least once a week by an epidemiologist 
on the Respiratory team (the team at HPS who take the 
lead on linking evidence of excess mortality to virus 
activity); during periods of intense monitoring, such 
as during the Olympics, output is reviewed daily (only 
Monday–Friday, as no new data is available at the 
weekend). Dependant on the review results, a protocol 
is followed to bring appropriate results to the attention 
of the consultant epidemiologist, who then decides if 
further investigation is warranted and if any excesses 
should be communicated to the NHS (for more detail 
see [20,23]).

Results 
Output from running the system on a Tuesday is 
included in the weekly surveillance reports produced 
during the influenza season. For example, on 20 
January 2011, HPS reported that an excess above the 
usual winter pattern had occurred during 3 to 9 January 

Figure 2
The manually specified knot sets considered in the 
Generalised Additive Models

The letters A, B, C, D on the Y axis designate specific sets of knots. 
The number in parentheses next to each letter specifies the 
number of knots in the given set. Individual knots are depicted 
as small circles. In all sets, knots are placed more regularly 
around the winter solstice and then placed less frequently 
towards the summer solstice.
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Figure 3
Example output from the mortality surveillance system, Scotland, 01 April 2010–08 March 2011

A. Daily national totals of deaths in Scotland, produced on 9 March 2011. The grey lines correspond to the 99% prediction intervals from 
the Generalised Additive Models; data points outside this, such as from the 3 to the 9 January, correspond to excesses of mortality. The 
inclusion of the horizontal line (in brown), indicating the period over which the delayed reporting correction is applied, helps to remind 
users that daily totals near to the present are subject to fluctuation, as delayed reports accumulate. 

B. Output from the reporting level monitoring model. Red points are the daily totals of reported deaths and so there are only values for times 
corresponding to Monday through Friday, the only days on which deaths can be registered. The range of expected reporting levels are 
shown by the grey lines (99% prediction interval). The higher level of registration generally corresponds to report totals from Mondays.
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(shown in Figure 3, see [24] for details); no other 
excesses were reported in the winter of 2010/11.

Generally, the GAM and its associated output are pre-
ferred by the epidemiologists that use the system, due 
to its more direct and explicit interpretation. For exam-
ple, the GAM based surveillance was a key element 
in demonstrating to the Scottish public that influenza 
A(H1N1)pdm09 had not significantly impacted upon 
general levels of mortality within Scotland (see, for 
example, [19]). However, later analysis has shown in 
other countries that influenza A(H1N1)pdm09 may have 
had an impact on mortality among the young [3,9]. 
Increases in the young (0–14 year-olds) are hard to 
detect, because even proportionately large increases 
result in only small increases in absolute totals.

The main challenge to using the system arises from the 
interpretation of the estimated daily deaths during the 
two week window in which the reporting delay correc-
tion is applied. Approximately 20% of deaths that occur 
on a working day are reported that same day, leading 
to a multiplication factor of five to convert the num-
ber of reported deaths to a `delay corrected’ estimate 
of the number of deaths that have actually occurred. 
Thus, during the most recent few days, when the delay 
correction has its biggest effect, there are frequent 
temporary excesses that disappear with the accumu-
lation of further data on subsequent days. The model 

monitoring levels of reporting can assist in determin-
ing genuine excesses, but this judgment generally 
requires a statistician. 
As the system has only been running since winter 
2009, it is too early to reliably comment on the sensi-
tivity or specificity of the system (however, these are 
considered as part of the system’s annual review). In 
any case, calculating sensitivity and specificity for all-
cause mortality systems is difficult as the `relevant 
events are hard to define’ and the `impact of known 
events is not certain, while other threats might not yet 
be known’ [7]. However, to date, the system has not 
missed anything which has had an impact on deaths, 
though nothing untoward has occurred. It has detected 
days and periods with an excessive numbers of deaths 
and these have been investigated by epidemiologists. 
Examples from 2012 include 10 and 11 May (173 and 174 
deaths respectively) and 22 May (188 deaths); these 
excesses may be associated with the atypical and very 
changeable temperatures during May.

Discussion and conclusions
Elsewhere, all-cause mortality surveillance systems 
that utilise Serfling models have been widely demon-
strated to be useful in monitoring seasonal influenza 
[1,4,7,13,25]. Specifically, in Scotland, we have previ-
ously noted the strong association between levels of 
seasonal influenza and levels of `standard’ excess mor-
tality (deaths above the expected level as calculated 

Figure 4
A broad overview of the Scottish mortality surveillance system, from 2009 

GAM: Generalised Additive Model; GLM: Generalised Linear Model; NRS: National Records of Scotland.
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from a Serfling model) [14,16]. With the implementa-
tion of this system, Scotland now has an automated 
system for monitoring `standard’ excesses in different 
age and sex combinations, at both the national and 
regional level.

The use of two statistical models for calculating 
expected totals of deaths increases the flexibility and 
utility of the system. By including Serfling excesses 
in the system, we have a measure of excess mortality 
that is more directly comparable to that produced by 
the systems of other countries. Further, as the Serfling 
part of the system is similar to EuroMOMO’s A-MOMO, 
barring the differences noted earlier, the Serfling 
model supports Europe wide monitoring, particularly 
with those countries that have adopted EuroMOMO 
methodology [3,6,10]. 

The Serfling model gives an estimated number of 
excess deaths relative to a model which predicts a 
smooth change in deaths from summer to winter. Thus, 
virtually every year, there will be an excess of deaths 
from the Serfling model during the sharp winter peak. 
In contrast, by fitting to the winter peak, the GAM only 
produces excess deaths when mortality levels around 
the peak are worse than in previous years. This allows 
users of the system to more easily and directly detect 
if seasonal influenza and other factors are significantly 
increasing mortality above expected winter levels.   

The GAMs have separate trends and cyclical compo-
nents within each age group. It would have been pos-
sible to try and develop a Generalised Linear Mixed 
Model (GLMM) with random effects to control the 
deviation from the general trend and cyclical effects 
along the lines of Durban et al. [26]; however, the 
deviations are not random effects, but rather system-
atic ones associated with age group – the seasonal 
cycle becomes progressively more pronounced with 
increasing age group. Therefore, deviations from the 
population average are better represented by fixed 
differences with age, rather than random differences. 
Effects due to sex could be random but we did not find 
substantial evidence of differing seasonal components 
for men and women.

Interpreting output from the system is made more chal-
lenging due to the reporting delay correction. However, 
it is generally accepted that such corrections are needed 
if mortality surveillance systems are going to detect 
excesses in a more timely fashion [2,7,9,10]. While the 
reporting level monitoring model helps determine if an 
excess is likely to be an artefact of unusual reporting 
patterns, outputs from the system would be more eas-
ily interpretable if they were automatically `corrected’ 
in some way to take account of the increased uncer-
tainty arising from the use of the delay correction. We 
have considered some approaches for this, but further 
development is needed.

One approach would be to `inflate’ the prediction inter-
val that is used to give the predicted range of mortal-
ity (the grey lines in Figure 3, panel A), to reflect the 
increased variability arising from the use of the delay 
correction. We would expect the adjusted predic-
tion interval to have a funnel shape, being widest in 
more recent days and then tapering to have the same 
width as the unadjusted prediction interval, to reflect 
the diminishing contribution of the correction further 
away from the most recent data. Ideally, the width of 
the adjusted prediction interval would be determined 
by a statistical model that takes into account differ-
ences in delays between age groups and day type. 
This approach may benefit from the delay corrections 
being modelled by probability distributions, rather 
than working with the raw empirical values as we have. 
For example, A-MOMO models delays with a binomial 
distribution [10]. We have investigated using standard 
geometric and negative binomial distributions, but fits 
have been poor [20] and further work is needed. 

Little attention has been given to developing statisti-
cal methods for addressing reporting delay in mortality 
monitoring, or other types of prospective surveillance 
systems [2,27]. For example, the publications by 
Heisterkamp et al. and Kanieff et al. [28,29] are among 
the few papers that focus on the topic. Given that delay 
in mortality reporting is a common issue across Europe, 
further work in this area would be of wide benefit [29]. 

Currently, when the regression models are fitted to 
previous mortality data, every observation is given 
equal weight, including those corresponding to periods 
of excess mortality, which may increase expected mor-
tality inappropriately. Ideally, the fit of these models, 
and consequently the expected levels, should be most 
heavily influenced by periods with no excesses. There 
are two main approaches to achieving this. The first of 
these, the one adopted by A-MOMO and others, is to 
fit the models to a subset of observations which are 
unlikely to include excesses of mortality [10]. The sec-
ond approach refits the models a number of times and 
weights observations by the reciprocals of earlier fits 
[7,9]. Observations from periods of excesses should 
have larger residuals, resulting in smaller reciprocal 
weights, and so, should have a smaller influence on fit. 
We would need to adopt the latter approach, as oth-
erwise the GAM might not reliably capture the annual 
seasonal cycle. 

The ability of the system to detect smaller, but sus-
tained, shifts away from expected mortality may 
be improved through the use of cumulative sums 
(CUSUMs), as used in other systems [2,9,30].

An enduring criticism of all-cause mortality data is that 
the cause of the excesses detected may be imputed but 
not known with certainty. Imputation is usually inves-
tigated by considering the temporal, demographic and 
geographic nature of the data in relation to other data 
sets. All-cause mortality data may also mask deaths 
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attributed to rare conditions. Therefore, HPS are con-
sidering the use of provisional cause-specific data. 
Pilot work is looking at accessing deaths where cause 
is provisionally recorded as influenza related and gaug-
ing how timely such a system might be.

This manuscript has presented the deaths surveillance 
system that has been running in Scotland since 2009. 
The strengths of the system are: the automatic daily 
processing of data from NRS; the use of a reporting 
delay correction; using both a Serfling model (for com-
parison with other European countries) and a GAM (for 
easier comparison with what is expected in Scotland 
based upon the pattern from previous years). The sys-
tem provides timely information to epidemiologists 
and can be used on a weekly or daily basis as required.
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Sixty per cent of the Swedish population received the 
monovalent AS03-adjuvanted pandemic influenza vac-
cine in the autumn of 2009. We assessed the age-spe-
cific effectiveness of this pandemic vaccine against 
hospitalisation with laboratory-confirmed influenza 
A(H1N1)pdm09 during the season 2010/11, in the age 
group from six months to 64 years in Sweden. The 
screening method was applied to available surveil-
lance data. Our results suggest a prevailing effective-
ness of 72% (95% confidence interval (CI): 63–80%) 
with the highest effectiveness among children, six 
months to nine years-old (92%, 95%CI: 80–97%). 
However, there were limitations in data quality and 
study design due to the lack of systematic recording of 
administered vaccinations, which underline the impor-
tance of preparing for an evaluation when planning for 
large public health actions. Despite these limitations, 
we believe the results reflect true, high prevailing vac-
cine effectiveness. Indeed, there were fewer deaths 
caused by influenza and the impact of influenza on 
intensive care units was less severe during the 2010/11 
season in Sweden than in countries with lower pan-
demic vaccination coverage. The association between 
the pandemic vaccine and narcolepsy has increased 
the importance of assessing the risks and benefits of 
the vaccination; studies on the effectiveness and the 
duration of protection are needed for this.

Background
In the pandemic situation of 2009, Sweden chose 
to conduct a mass vaccination campaign using the 
Pandemrix vaccine, a monovalent vaccine containing 
an influenza A/California/7/2009(H1N1)v-like strain, 
adjuvanted with AS03 (squalene, DL-alpha-tokoferol 
and polysorbate 80). This was the only pandemic 

vaccine available at the time in Sweden. The whole 
population was offered the vaccination free of charge. 
Within a period of 10 weeks from October to December 
2009, 60% of the population received at least one 
dose of the pandemic influenza vaccine. Thus, Sweden 
had the highest national pandemic vaccination cover-
age in the European Union [1]. During seasonal influ-
enza years, only non-adjuvanted trivalent inactivated 
influenza vaccines have been used in the country. 
Adjuvanted vaccines are considered to elicit a stronger, 
longer-lasting and broader immune response [2,3] and 
adjuvants make it possible to save time by producing 
larger quantities of vaccine with a smaller amount of 
antigen. Therefore, adjuvanted vaccines had been rec-
ommended by the World Health Organization in prepa-
ration for a pandemic of influenza A(H5N1) in 2005 [4] 
and were also supported for influenza A(H1N1)pdm09 
vaccines in 2009 [5]. Accordingly, the Swedish gov-
ernment had already in 2007 closed a contract with a 
pharmaceutical company for the purchase of an adju-
vanted vaccine for the entire population in the case of 
an influenza pandemic [6]. 

Several studies have been carried out worldwide to 
investigate the effectiveness of pandemic influenza 
vaccines during the first pandemic season 2009/10 
[7-22]. Studies of AS03-adjuvanted, monovalent vac-
cines showed high effectiveness against influenza 
hospitalisation [17] and laboratory-confirmed influenza 
attended in primary care [18-21]. In Sweden, the weekly 
vaccine effectiveness against notified, laboratory-con-
firmed pandemic influenza was estimated at 87–95% 
in the population of Stockholm (ca. 2 million people) 
[22].
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In the subsequent influenza season, 2010/11, the pan-
demic virus strain was included in the trivalent seasonal 
vaccine, together with an influenza A/Perth/16/2009 
(H3N2) strain and an influenza B/Brisbane/60/2008 
strain. The seasonal vaccination was offered free of 
charge or at reduced cost to people belonging to risk 
groups and people aged 65 years and older. During that 
season the pandemic strain was in circulation, mainly 
around the New Year [23]. The close match between the 
2009 pandemic vaccine strain and the 2010/11 influ-
enza A(H1N1)pdm09 virus strain made it likely that the 
population could in the post-pandemic season still be 
protected by the pandemic vaccine administered more 
than one year earlier. 

The pandemic mass vaccination in 2009 was a large 
and costly undertaking and therefore needed to be 
monitored and evaluated. However, at the time, a coun-
try-wide evaluation of the vaccine effectiveness was 
not planned, and data for it were not systematically 
collected in Sweden. Since evidence emerged on an 
association between the pandemic vaccination and the 
severe adverse event narcolepsy in children [24-29], an 
evaluation has become even more important. Studies 
on the effectiveness and the duration of protection 
induced by the pandemic vaccine are needed for an 
overall assessment of the vaccination and its risks and 
benefits. For this study, we used the best available 
data and methods to assess quickly the prevailing vac-
cine effectiveness against hospitalisation with labora-
tory-confirmed influenza A(H1N1)pdm09 one year after 
the pandemic vaccination campaign. 

Methods
In Sweden, communicable disease control at the 
county level is coordinated by the 21 County Medical 
Officers (CMO). Currently, vaccination coverage data is 
also collected and administered by the CMOs. Different 
techniques for registering pandemic vaccination data 
were used in 2009, including: local vaccination reg-
isters, data extraction from medical charts, and a 
web-based vaccination register implemented in some 
counties (Svevac). Nine of 21 CMOs were able to pro-
vide the age-specific number of pandemic vaccinations 
(dose 1) administered during the autumn 2009. These 
nine counties comprise 68% of the Swedish popula-
tion, they are scattered geographically (Figure 1) and 
cover the three major urban areas as well as the more 
scarcely populated areas in the north. 

The organisation of the healthcare system does not 
differ much between the Swedish counties. The overall 
vaccination coverage in all counties versus those coun-
ties where age-specific vaccination coverage was avail-
able had overlapping ranges (54–70% versus 54–69%). 
We assumed that the vaccination coverage in counties 
with unknown age-specific coverage followed a normal 
distribution with the same, but unknown, mean as in 
the counties with known coverage. The total vaccina-
tion coverage in 2009, PPV, was estimated as follows:

Figure 1
Counties providing age-specific coverage for the 
Pandemrix vaccine, Sweden, 2009

Dark blue: counties that provided coverage data. 
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where wi and pi are the proportion of the Swedish 
population and vaccination coverage in county I, 
respectively, S is the sample of counties with known 
vaccination coverage, and  is the estimate of the 
mean vaccination coverage, based on the counties with 
known coverage in S. 

To calculate age-specific vaccination coverage we 
used population data as of December 2009 (Statistics 
Sweden). 

Pandemic influenza was made notifiable with full 
patient identification in Sweden at the start of the 2009 
pandemic and has since remained so. Laboratories are 
obliged by law to report all laboratory-confirmed cases 
to the CMO and the Swedish Institute for Communicable 
Disease Control (Smittskyddsinstitutet; SMI). The diag-
nostic method used is an in-house H1N1-specific real-
time PCR. Sensitivity and specificity were assessed by 
quality control panels from SMI. Doctors who admit a 
patient to hospital for suspected pandemic influenza 

are also obliged by law to report the case. Clinical 
signs and symptoms are not specified in the national 
case definition, which is based on laboratory con-
firmation, as is the case for all notifiable diseases in 
Sweden. Swabbing of suspected cases is in princi-
ple mandatory, since pandemic influenza is a notifi-
able disease. Any delay between onset of symptoms 
and swabbing is accepted. Laboratory notifications of 
confirmed cases are matched in SmiNet (the national 
database for notifications) to notification forms of hos-
pitalised cases. For hospitalised cases, the notification 
form contains voluntary questions on vaccination and 
risk group status. Risk groups are defined as people 
with chronic respiratory disease, cardiovascular dis-
ease, obesity of class III (body mass index >40kg/m2), 
neurological disorders with impaired breathing capac-
ity, immunosuppression, chronic liver or kidney failure, 
severe diabetes, severe asthma and pregnancy as well 
as cerebral palsy or other neuromuscular disorders in 
children. All clinical notification forms were examined 
and updated by the CMOs at the end of the 2010/11 
influenza season. 

In this study, we included cases who had a laboratory-
confirmed influenza A(H1N1)pdm09 infection and who 

Table 1
Notified influenza A(H1N1)pdm09 casesa hospitalised in Sweden during the peak of the 2010/11 influenza A(H1N1)pdm09 
season (n=252)

Cases with known vaccination status
(n=215)

Cases with unknown vaccination status
(n=37) p value

Median Median
Age (years) 35 44 0.062b

n (%) n (%)
Age group

6 months–9 years 26 (12) 3 (8) 0.617c

10–19 years 18 (8) 2 (5)
20–39 years 82 (38) 12 (32)
40–64 years 89 (41) 20 (54)

Sex
Female 111 (52) 15 (41) 0.213d 
Male 104 (48) 22 (59)

Risk group
Yes 92 (43) 9 (24) 0.160de

No 107 (50) 19 (51) 0.003df

Unknown 16 (7) 9 (24)
Pandemic vaccination

Yes 63 (29) Missing data Not applicable
No 152 (71) Missing data Not applicable

a  Restricted to cases aged six months to 64 years at the time of the 2009 pandemic influenza vaccination. 
b Wilcoxon rank-sum test.
c  Fischer’s exact test.
d  Chi-square test.
e  Excluding cases with unknown risk group status.
f  Including all cases.
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were admitted to hospital according to a notification 
form from a hospital doctor or according to the CMO. 
We only included cases who were hospitalised dur-
ing the peak of the influenza A(H1N1)pdm09 season 
2010/11, defined as the time period with at least 50 
notified cases per week nationally, i.e. between week 
52/2010 and week 7/2011. Cases with unknown pan-
demic vaccination status were excluded from the main 
analysis. The excluded cases were compared to cases 
with known vaccination status with regard to potential 
confounding factors, such as age, sex and risk group 
status, using appropriate statistical tests (Table 1). 

Vaccine effectiveness (VE) was assessed using the 
screening method, where data on vaccination coverage 
among cases (proportion of cases vaccinated, PCV) and 
in the population (proportion of population vaccinated, 
PPV) were inserted in the formula VE=((PPV-PCV)/
(PPV(1-PCV))*100 [30]. We used the method described 
by Farrington to obtain confidence intervals (CI) [31] 
and used the point estimate of PPV for the calculations. 

For both PCV and PPV estimates, age at the time of the 
2009 pandemic vaccination was used, i.e. more than a 
year before the outcome. Overall age-adjusted vaccine 
effectiveness was estimated as well as age-specific 
vaccine effectiveness for the following age groups: six 
months to nine years, 10 to 19 years, 20 to 39 years 
and 40 to 64 years. Children younger than six months 
at the time of the vaccination campaign were not eligi-
ble for the vaccination. Those aged 65 years and older 
had high vaccination coverage of the 2010/11 seasonal 
vaccine, which could have interfered with the results. 
Thus, both groups were excluded from the analysis. 
There was not enough statistical power to stratify 
both by age group and county. We chose to stratify 
by age group as this is a biologically more plausible 
confounder. We also carried out an analysis restricted 
only to cases that did not belong to risk groups. Since 
we did not have data on vaccination coverage in risk 
groups in the population, the entire general popula-
tion of the same age was used as control group for this 
analysis.

Results
Some 320 cases with influenza A(H1N1)pdm09 infec-
tion were hospitalised during the peak period (week 
52/2010 to week 7/2011). Thirty-eight cases were 
younger than six months in the autumn of 2009 and 30 
cases were 65 years or older, and therefore excluded. 
Vaccination status regarding the pandemic vaccine 
was known for 215 (85%) of the remaining 252 cases, 
and these were kept in the final analysis. A major-
ity of cases were between 20 and 64 years-old (Table 
1). There were no statistically significant differences 
with regard to age, sex or risk group status between 
the groups with and without known vaccination status 
(Table 1). 

Vaccination coverage was estimated at 60% in the gen-
eral population (aged six months to 64 years), with the 

highest coverage of 79% in children between the age of 
six months and nine years (Figure 2). 

The overall age-adjusted (six months to 64 years) vac-
cine effectiveness was 72% (95% CI: 63–80%), and 
highest in the youngest age group six months to nine 
years, with 92% (95% CI: 80–97%) (Table 2). 

At least 43% of hospitalised influenza cases belonged 
to a risk group (Table 1). When restricting the analysis 
only to cases not belonging to a risk group, the vac-
cine effectiveness estimate increased to 82% (95%CI: 
72–89%). 

Figure 2
Age-specific coverage of pandemic influenza vaccination 
modelled on reports from ninea of 21 counties in Sweden, 
2009 

a The nine counties represent 68% of the population in Sweden.
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Table 2
Age-specific effectiveness for the pandemic influenza 
vaccine administered during the autumn of 2009 against 
hospitalisation with influenza A(H1N1)pdm09 infection 
during the peak of the influenza A(H1N1)pdm09 season in 
2010/11 in Sweden

Age group Vaccine effectiveness %  
(95% CI)

6 months–9 years 92% (80–97%)
10–19 years 78% (40–92%)
20–39 years 68% (47–80%)
40–64 years 63% (43–76%)
Total (6 months–64 years) 72% (63–80%)

CI: confidence interval.
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Discussion
We applied the screening method to available surveil-
lance data to assess the impact in the post-pandemic 
season 2010/11 of the adjuvanted pandemic influenza 
vaccine administered more than one year previously. 
Our results suggest a high prevailing vaccine effective-
ness against hospitalisation with laboratory-confirmed 
influenza A(H1N1)pdm09 among the Swedish popula-
tion aged between six months and 64 years, with the 
highest protection in the young children. If verified by 
other studies, this could have important public health 
implications. Trivalent inactivated vaccines against 
seasonal influenza have not successfully induced pro-
tective immunity in children naïve to the virus [32-34]. 
Adjuvanted vaccines induce higher levels of haemag-
glutination inhibition (HI) and neutralising antibodies 
against influenza virus in naïve children [35-37] and in 
adults [38] than the non-adjuvanted trivalent vaccines. 
High antibody persistence one year after vaccination 
was demonstrated in children who had received two 
doses of the AS03-adjuvanted vaccine in the United 
Kingdom, with a significant difference compared with 
children who had received a non-adjuvanted vac-
cine [39]. In a study of children in Canada, persistent 
antibody titres were found after one dose of an AS03-
adjuvanted influenza vaccine [40]. In addition, Swedish 
serological data confirmed that more than 80% of 5–14 
year-old Swedish children had sustained elevated 
HI-antibody titres of ≥40 in May 2011, 18 months after 
the pandemic vaccination campaign [41]. Although 
antibody titres are an unspecific marker for influenza 
immunity, these results are in line with our findings of 
persistent protection. Such lasting protection and the 
ability to induce priming in children are extremely ben-
eficial in a pandemic situation. 

However, the association between the pandemic influ-
enza vaccine and narcolepsy seen in children in Finland, 
Ireland, Norway and Sweden [24-29] has raised serious 
concerns about the safety of Pandemrix. The European 
Medicines Agency recommends a restricted use of 
the vaccine in persons younger than 20 years [42]. An 
association with such a severe adverse event makes 
recommendations to use Pandemrix and similarly adju-
vanted vaccines very difficult to adopt and implement, 
probably even in the context of a new pandemic. Thus, 
the association between the vaccine and narcolepsy 
needs to be thoroughly understood in order to make 
decisions on the future use of similar vaccines. Many 
studies on the link between narcolepsy and the pan-
demic vaccine are ongoing and will hopefully provide 
guidance on this issue.

Before the pandemic, very few studies had looked 
at the lasting protection of influenza vaccination. 
However, several studies have now investigated the 
prevailing vaccine effectiveness of pandemic influenza 
vaccines in the 2010/11 season [43-48]. Firstly, some 
of these studies have found that the vaccine effective-
ness was higher for people who had received both the 
pandemic vaccine and the seasonal 2010/11 trivalent 

influenza vaccine than for those who had received only 
one [44,45]. Secondly, compared with our estimates, 
some have found lower prevailing vaccine effective-
ness after receipt of only the pandemic vaccine [43-
46]. However, the results from these studies cannot be 
easily compared with ours for one or several reasons. 
(i) They used another outcome: primary care-attended 
laboratory-confirmed influenza instead of severe influ-
enza; (ii) they used other pandemic vaccines or a mix 
of vaccines; (iii) they included different age groups 
and/or restricted the analysis to risk groups or peo-
ple with comorbidities. Moreover, these studies used 
more elaborate study designs such as the test-neg-
ative case–control design or cohort design. By using 
the screening method, our study is more prone to bias 
and confounding, and differences could be explained 
by positive confounding in our study. 

Nonetheless, our findings of a high prevailing effec-
tiveness of the pandemic vaccine, particularly in the 
young, are supported by results from Canada, where 
a similar vaccine was used. In a test-negative case–
control study the prevailing effectiveness of an AS03-
adjuvanted monovalent pandemic vaccine was 66% in 
all patients and 76% among young adults [47]. In addi-
tion, the high degree of protection from vaccination in 
Sweden may have reduced the virus burden in the pop-
ulation, resulting in lower infectious doses with a more 
limited possibility of overcoming the vaccine-induced 
protection. 

Our aim was to achieve an assessment of prevailing 
vaccine effectiveness easily and quickly, but it proved 
to be a cumbersome process, due to the lack of vac-
cination registers. This underlines the importance of 
concurrent planning of the implementation and the 
evaluation of large public health actions. We used the 
best available data and method. However, both have 
inherent limitations and the results need to be inter-
preted with caution. We tried to address the potential 
limitations one by one. To increase the quality of the 
influenza surveillance data in the country, the CMOs 
were asked to cross-check and validate vaccination 
and hospitalisation status for each notified case at 
the end of the season. The completeness of the data 
was more difficult to improve or assess. All laboratory-
confirmed cases are subject to mandatory reporting, 
which is mainly an automated process. Swabbing of 
suspected cases is in principle also mandatory as pan-
demic influenza is a notifiable disease, but we could 
not assess the extent to which this was done and thus 
how complete the reporting was. As expected, when 
working with surveillance data we faced issues with 
missing data. Because we aimed at a quick and easy 
estimate of prevailing vaccine effectiveness, we chose 
to exclude cases without data on vaccination status 
rather than using imputation techniques. There were no 
apparent differences between cases with and without 
data on vaccination status in the descriptive analysis 
(Table 1). Nonetheless, there could have been differ-
ences in these groups that we have failed to adjust for. 
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Vaccine effectiveness studies can be affected both by 
’confounding by indication’ and by confounding due 
to ’healthy vaccinee’ effect, leading to an underesti-
mation and an overestimation of results, respectively 
[49]. Also, the screening method may overestimate the 
vaccine effectiveness when the coverage is high [30]. 
Generally, the main confounder in vaccine effective-
ness studies is age; to address this we stratified and 
adjusted our analysis by age group. Furthermore, since 
we used surveillance data, we were not able to adjust 
for receipt of the trivalent 2010/11 seasonal influenza 
vaccine, which was a major confounder in other stud-
ies [44,45]. In order to address this limitation, we 
restricted our analysis to an age group where seasonal 
vaccination is generally not recommended except 
for risk groups. Only 7% (10 of 141 cases with known 
seasonal vaccination status; data not shown) of hos-
pitalised cases had had the seasonal vaccination, and 
according to vaccination coverage surveys carried out 
by SMI and others [50], this is in line with the seasonal 
vaccination coverage in this age group in previous 
years. Hence, this factor should not play a major role 
as a confounder in our analysis. On the other hand, the 
impact of natural immunity due to infection during the 
pandemic season is difficult to predict. Mass vaccina-
tion was carried out concurrently with the peak of the 
pandemic. Refusal, delay or even request of vaccina-
tion due to ongoing or previous influenza symptoms as 
well as boosting of vaccine response due to subclinical 
infection is plausible. Again, both an overestimation 
and an underestimation of the results are possible. 

Yet another factor to take into account is risk group sta-
tus. Nearly half of the hospitalised cases included in 
the study belonged to a risk group. There is no national 
data on exact risk group prevalence in the general pop-
ulation, although, according to surveys carried out by 
SMI between 4% and 14% of people in the relevant age 
groups consider themselves to belong to a risk group 
for influenza vaccination. It is fair to say that people 
belonging to risk groups are overrepresented among 
our cases. These groups were targeted and prioritised 
for pandemic vaccination and higher vaccination cov-
erage among them is anticipated, making risk group 
status a likely confounder in our study. Since we could 
not adjust for this factor, we carried out a sensitivity 
analysis; vaccine effectiveness slightly increased when 
we restricted the analysis to cases that did not belong 
to risk groups, an indication that failing to adjust for 
risk factor status have at least not lead to an overesti-
mation of results in our main analysis.

Sweden had 1.1 influenza-related deaths per 106 
population during the winter 2010/11 [23], a rate dra-
matically lower than described in countries with lower 
pandemic vaccination coverage [51,52], and the impact 
on intensive care units was substantially lower in 
Sweden than elsewhere [51-53]. In fact, some countries 
have described a higher burden of severe disease in 
the post-pandemic season than during the pandemic 

season [51,54], which was not the case for Sweden [23]. 
Notwithstanding the limitations above, we believe our 
estimates reflect a high, prevailing influenza vaccine 
effectiveness of the adjuvanted vaccine administered 
in 2009, protecting a large part of the Swedish popu-
lation against hospitalisation with influenza A(H1N1)
pdm09 infection also during the 2010/11 season.
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On 9 April 2013, the European Food Safety Authority 
(EFSA) and the European Centre for Disease Prevention 
and Control (ECDC) launched their joint annual report 
on zoonoses and food-borne outbreaks in 2011, 
the ‘European Union summary report on trends and 
sources of zoonoses, zoonotic agents and food-borne 
outbreaks in 2011’ [1].

The report provides a comprehensive overview of 
zoonotic infections and disease outbreaks. It reports 
an increase in human infections from Campylobacter 
and Escherischia coli while the number of reported 
human cases of Salmonella infection fell in the report-
ing period. A total of 220,209 Campylobacter cases in 
humans were reported in 2011 which is an increase of 
2.2 % from the previous year. The number of reported 
human cases of Shiga toxin/verocytotoxin-producing 
E. coli (STEC/VTEC) has increased since 2008 and the 
2011 outbreak in Germany contributed further to the 
trend – 9,485 human cases were reported in 2011. 
Another zoonotic disease showing an increasing trend 
is alveolar echinococcosis, caused by the Echinococcus 
multilocularis parasite. A total of 781 cases of echino-
coccosis were reported in 2011, an increase of 3.3 % 
compared to 2010.

With 95,548 reported cases of salmonellosis in 2011, 
the trend continued downwards for this the second 
most reported zoonotic disease in humans. It reflects 
the continued efforts to eradicate Salmonella infec-
tions in poultry populations, especially in laving 
hens and hence also in eggs, as well as in chicken. 
The eradication is carried out via the European Union 
(EU) Salmonella control programmes, implemented 
by Member States and managed by the European 
Commission. 

A total of 5,648 food-borne outbreaks were recorded in 
the EU in 2011. A food-borne outbreak is defined in the 
report as including two or more human cases having 
eaten the same, contaminated, food.

More information is available from the EFSA and ECDC 
websites.
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