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This paper describes the epidemiology of fatal pan-
demic influenza A(H1N1) cases in the United Kingdom 
(UK) since April 2009 and in particular risk factors 
associated with death. A fatal case was defined as a 
UK resident who died between 27 April 2009 and 12 
March 2010, in whom pandemic influenza A(H1N1) 
infection was laboratory-confirmed or recorded on the 
death certificate. Case fatality ratios (CFR) were calcu-
lated using an estimated cumulative number of clinical 
cases as the denominator. The relative risk of death 
was estimated by comparing the population mortality 
rate in each risk group, with those not in a risk group. 
Across the UK, 440 fatal cases were identified. In 
England, fatal cases were mainly seen in young adults 
(median age 43 years, 85% under 65 years), unlike for 
seasonal influenza. The majority (77%) of cases for 
whom data were available (n=308) had underlying risk 
factors for severe disease. The CFR in those aged 65 
years or over was nine per 1,000 clinical cases (range 
3–26) compared to 0.4 (range 0.2 to 0.9) for those aged 
six months to 64 years. In the age group between six 
month and 64 years, the relative risk for fatal illness 
for those in a risk group was 18. The population attrib-
utable fractions in this age group were highest for 
chronic neurological disease (24%), immunosuppres-
sion (16%) and respiratory disease (15%). The results 
highlight the importance of early targeted effective 
intervention programmes.

Introduction
Seasonal influenza is responsible for excess winter 
all-cause mortality and hospitalisations – particularly 
amongst the elderly, the very young and those with 
underlying high-risk conditions such as chronic heart 
and lung disease [1]. The extent of any observed excess 
mortality varies each year and depends upon various 
factors including the predominant circulating influenza 
strain [2]. 

Since the emergence of pandemic influenza A(H1N1) in 
April 2009 and initial concerns about the risk of severe 
respiratory illness, much effort has been devoted to 
rapidly understanding the severity and impact of this 
novel influenza virus. Early work in various settings 
has demonstrated that the overall case fatality ratio 
(CFR) is generally low [3-5], with similar risk factors 
for severe disease as seasonal influenza, although in 
addition, individuals who are obese or pregnant are 
reportedly at high risk of severe outcome [6-8]. 

By 12 March 2010, more than 400 deaths had been 
reported across the United Kingdom (UK) by the Chief 
Medical Officer and health protection organisations in 
Wales, Scotland and Northern Ireland [9]. Information 
on which groups are at higher risk of death is key to 
healthcare planning – in particular the development 
and evaluation of the pandemic influenza A(H1N1) vac-
cination programme. The vaccination programme in the 
UK started in October 2009 and initially targeted indi-
viduals at higher risk of severe disease, including preg-
nant women [10]. In December 2010, vaccination for all 
children from six month to five years of age began. 

Using surveillance data collected during the pandemic 
in the UK, this paper aims to describe the epidemiol-
ogy of fatal pandemic influenza A(H1N1) cases. It sets 
out to estimate various mortality indicators by age 
and clinical risk group to inform the implementation 
of prevention and control programmes for pandemic 
influenza. 

Methods
The methods initially outline the case definitions, 
how cases were ascertained and what additional 
epidemiological data, including risk factor informa-
tion, was gathered. The descriptive section (time and 
place) covers the entire UK (England, Wales, Scotland 
and Northern Ireland). The analytical section (the 
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population mortality rates, CFRs and population attrib-
utable fractions) only covers England. 

Case definition
A fatal case was defined as a resident in the UK who 
died after 27 April 2009, in whom pandemic influenza 
A(H1N1) virus infection was confirmed by a laboratory 
ante- or post-mortem (either by RT-PCR or serology) 
or by any mention on the death certificate and was 
reported up to 12 March 2010. 

Case ascertainment
Fatal cases in England were ascertained by the Health 
Protection Agency (HPA) over this period from several 
different reporting sources: Firstly, local healthcare 
providers reported fatal pandemic influenza cases to 
HPA-run local Health Protection Units (HPUs). Secondly, 
the immunisation department of the HPA Centre for 
Infections followed up laboratory-confirmed pandemic 
influenza cases with general practitioners (GPs) as 
part of monitoring the pandemic influenza vaccination 
programme. This follow-up included ascertainment of 
outcome status. Thirdly, hospital clinicians reported 
confirmed hospitalised cases of pandemic influenza 
to a web-based hospital surveillance system for pan-
demic influenza A(H1N1) infection. This included ascer-
tainment of outcome status. Fourthly, the Office for 
National Statistics (ONS) shared each week individual 
death registrations with the HPA Centre for Infections 
of any death with a mention of influenza (ICD-10 codes 
J09, J10 and J11). 

Individual fatal cases were reconciled and de-dupli-
cated using available personal identifiers. All fatal 
cases were verified as laboratory-confirmed by match-
ing to laboratory records of confirmed pandemic influ-
enza held by the HPA or by any mention of influenza on 
the death certificate from ONS. They were confirmed as 
deceased either through the NHS Patient Demographic 
Service or through death certificate from ONS. Deaths 
were also compared with fatal cases collected by the 
Office of the Chief Medical Officer in England [3].

Fatal cases outside England were identified by the 
Boards of Health by Health Protection Scotland and 
through their equivalents in Wales and Northern 
Ireland.

The work was carried out under NHS Act 2006 (section 
251), which provides statutory support for disclosure of 
such data by the NHS, and their processing by the HPA, 
for purposes of communicable disease control. Ethical 
approval was not required and informed consent was 
not sought.

Case follow-up 
Clinical and demographic data and information on 
underlying risk conditions were gathered from the local 
HPU, the hospital physician or the general practitioner 
using a standard questionnaire. For those fatal cases 
for whom such data were not available, risk factor 

information was extracted from the death certificate, 
if available. 

Risk factor definition
The seasonal influenza risk groups used throughout 
this paper were those defined by the UK Department of 
Health (DH) for the seasonal influenza vaccination pro-
gramme in 2008-9: chronic respiratory disease, includ-
ing asthma treated in the last three years; chronic heart 
disease, chronic liver disease, chronic renal disease, 
chronic neurological disease, stroke/transient ischae-
mic attack, and immunosuppression through disease 
or treatment and diabetes. 

The risk groups for pandemic influenza in addition 
included pregnancy and obesity, which are presented 
separately.

Population mortality rates
Age-specific population mortality rates for pandemic 
influenza were calculated using the mid-2008 popula-
tion for England (Source: ONS). 

Seasonal influenza deaths
Death registrations between 2 January 2001 and 2 
February 2009 with an ICD-10 code for influenza (ICD-
10 J09, J10 and J11) in England were also identified to 
compare the epidemiology of fatal pandemic influenza 
with fatal seasonal influenza. Information on whether 
the person suffered from underlying risk conditions 
was not specifically gathered for these fatal cases; 
deaths were classified into DH standard risk groups as 
above, based on available text information recorded 
for cause of death on the certificate. The distribution 
of DH-defined risk groups for severe disease amongst 
deaths with laboratory-confirmed pandemic influenza 
A(H1N1) and deaths with any mention of seasonal 
influenza were compared using age-adjusted Mantel-
Haenszel odds ratios (OR). To calculate the popula-
tion mortality rate for seasonal influenza deaths, the 
denominators were the cumulative mid-year annual 
population estimates for England for the period from 
2001 to 2008 (source: ONS). 

Population prevalence of specific 
risk factors in England
The prevalence of specific high risk conditions (exclud-
ing pregnancy and obesity) in the English population 
were derived from the DH influenza vaccine uptake 
monitoring system [11]. All GPs in England are requested 
to extract data on registered patients from their health 
information systems each season using standard 
queries. This system was used to determine the total 
number of people registered with a general practice 
in England and the number of those older than six 
months eligible for seasonal influenza vaccine by age 
group and by individual risk group. These risk groups 
did not include pregnancy or obesity, as these are not 
DH-defined target groups for the seasonal influenza 
vaccination programme [11]. For people aged between 
six months and 64 years a breakdown by individual 
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DH-defined seasonal influenza risk group was avail-
able (based on data provided by 96.2% of all English 
GP practices) in two age groups: six months to 15 years 
and 16 years and over [12]. For those aged 65 years and 
over information on the number in any DH-defined risk 
group was available and was extrapolated from data 
provided by 79.4% of GP practices (provisional data 
provided by the DH). Using this approach, as people 
may fall into more than one risk group, the sum of all 
the individual risk groups will exceed the total number 
in the population  [11].

The point prevalence of pregnant women was calcu-
lated using the estimated English mid-2008 female 
population aged 15 to 44 years (source: ONS) as the 
denominator. According to ONS, an estimated 676,236 
maternities (live and still births) occurred in England 
in 2008 [13]. Assuming 4% of the female population of 
child-bearing age (15 to 44 years) experience a miscar-
riage or abortion in any given year [14] and using the 
mid-2008 estimate of the female population aged 15 to 
44 years (10,532,500), an annual figure of 421,300 mis-
carriages/abortions was calculated. To calculate the 
number of women who were pregnant at any one time, 
9/12 of the annual number of maternities (assuming 
these pregnancies have a duration of nine months) was 
added to 3/12 of the annual number of miscarriages/
abortions (assuming these pregnancies have an aver-
age duration of three months). A final figure of 612,502 
pregnancies (5.8% of the female population aged 15 to 
44 years) was reached.

Case fatality ratios for clinical 
pandemic influenza in England
The CFRs were calculated overall and by age and risk 
group. The numerator was fatal cases in England and 
the denominator was the estimated cumulative number 
of clinical cases in England from the beginning of the 
pandemic to 21 February 2010. This includes a three 
week lag. This lag incorporates the observed median 
delay from disease onset to report of death (see results 
section). The estimated number of clinical cases was 
calculated by the HPA using a statistical model which 
relies on data from various surveillance systems: the 
primary care-based QSurveillance scheme, sentinel 
virological surveillance schemes and data from the 
National Pandemic Flu Service (NPFS) [15]. 

The estimated number of clinical cases consulting 
health services by age group were calculated using age 
group-specific data from the various surveillance sys-
tems (available in the following age groups: <1 year, 1-4, 
5-14, 15-24, 25-44, 45-64 years and ≥65 years). To esti-
mate the number of clinical cases in each DH-defined 
risk group, the proportion of people aged between six 
months and 64 years in each risk group from the GP 
vaccine uptake survey described above was applied to 
the cumulative number of cases estimated by the HPA 
in the same age group. This assumes that those in a 
clinical risk group are as likely to have symptomatic 
infection as those not in a clinical risk group.

It was assumed that babies aged under six months 
represent half the infant (aged under one year) clini-
cal cases. To estimate the number of pregnant clinical 
cases, the point prevalence of pregnancy (as described 
above) was applied to half of the estimated number of 
clinical cases aged 15 to 44 years (assuming an equal 
distribution of influenza infection between males and 
females).

The HPA’s estimate of clinical case numbers is subject 
to uncertainties particularly regarding consultation 
behaviour. A lower and upper estimate was calculated 
to allow for this. A sensitivity analysis was undertaken: 
the overall and the age- and risk group-specific CFRs 
were calculated using the central estimate for the 
number of clinical cases, and for the low and high esti-
mates. A 95% exact binomial confidence interval (CI) 
was calculated around each case fatality estimate. The 
range incorporating the 95% CI around the CFRs calcu-
lated from the low and high estimated number of clini-
cal cases is presented. 

Relative risk of fatal pandemic 
influenza in England
The relative risk (RR) of fatal pandemic influenza for 
each risk group was calculated by comparing the popu-
lation mortality rate in each individual risk group with 
the rate in those who did not fall into any risk group. 
For those aged under 65 years, Mantel-Haenszel age-
adjusted RR, with corresponding exact 95% CI were 
calculated for each risk group using the two available 
age groups (from six months up to 15 years and from 16 
to 64 years). For those aged 65 years and over, infor-
mation was only available overall for any risk group to 
calculate RR of fatal infection. 

Population attributable fractions for 
fatal pandemic influenza in England
The population attributable fraction (PAF) of each 
individual risk group to fatal pandemic influenza was 
estimated. The PAF was calculated by dividing the dif-
ference in the overall population mortality rate (PMR) 
and the PMR in the non-exposed by the overall PMR. 
The unexposed group were people without that par-
ticular risk factor (i.e. all other cases, who may fall into 
other risk groups), which is different to that used to 
calculate the RR (people with no risk factor at all). The 
PAF takes into account the prevalence of the exposure 
in the population and is interpreted as the proportion 
of the total number of deaths which would be averted, 
if the exposure were completely removed. 

Laboratory methods
Laboratory confirmation of pandemic influenza A(H1N1) 
virus was performed using respiratory swabs col-
lected into virus transport medium. All samples were 
tested either at the Respiratory Virus Unit of the HPA 
Centre for Infections, London or at the HPA Regional 
Microbiology Network Laboratories, using real-time 
RT-PCR assays for detection of influenza A, and sub-
typed for pandemic influenza A(H1N1) viruses [16,17] 
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Figure 2
Age distribution of (A) pandemic influenza deaths, England, until February 2010 (n=336a), with cumulative population 
pandemic influenza mortality rate, and (B) seasonal influenza deaths, England, January 2001–February 2009) (n=334), with 
average annual population mortality rate (2001–2008)

a Age not available for one fatal pandemic influenza case.

A

0

10

20

30

40

50

60

70

<1 1-4 5-14 15-24 25-44 45-64 65+

Age group (years)

Pr
op

or
tio

n

0

2

4

6

8

10

12

Po
pu

la
tio

n 
m

or
ta

lit
y 

ra
te

 p
er

 m
ill

io
n 

Pandemic influenza deaths
Population mortality rate

B

0

10

20

30

40

50

60

70

<1 1-4 5-14 15-24 25-44 45-64 65+

Age group (years)

Pr
op

or
tio

n

0

2

4

6

8

10

12
Seasonal influenza deaths
Population mortality rate

Po
pu

la
tio

n 
m

or
ta

lit
y 

ra
te

 p
er

 m
ill

io
n 

Figure 1
Number of deaths from confirmed pandemic influenza A(H1N1) by week and country of death, June 2009–February 2010 
(n=436, date of death missing in four cases) with estimated number of clinical cases in England (HPA)
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Results 
Fatal pandemic influenza cases by time 
and place in the United Kingdom
Individual information on 440 fatal pandemic influ-
enza cases fulfilling the case definition was collated 
by the HPA from across the UK up to 12 March 2010: 
337 deaths occurred in England, 65 in Scotland, 21 in 
Northern Ireland and 17 in Wales. Of the 440 deaths, 
387 (88%) were laboratory-confirmed and 53 were 
only confirmed by mention of influenza on the death 
certificate.

The first reported death occurred in the week ending 
on 14 June 2009 (Figure 1). The number of deaths by 
date of death climbed to a peak in the week ending on 
2 August, with the onset of the school summer holidays 
and declined to baseline levels by the beginning of 
September. This pattern reflects the summer pandemic 
wave as illustrated by the weekly estimated number of 
clinical cases of pandemic influenza in England. A small 
number of deaths continued to be reported each week 
throughout September, followed by an increase from 
October onwards coinciding with a second increase in 
pandemic influenza activity in the autumn. This second 
larger peak of deaths occurred in mid-November and 
decreased to low levels by the end of January 2010. The 
final reported death included in this analysis occurred 
in the week ending on 21 February 2010. Seventy-three 
(17%) of the 440 fatal cases in the UK occurred dur-
ing the summer wave (until end August 2009) and 367 

(83%) during the autumn/winter wave (from the begin-
ning of September 2009 to February 2010).

Age distribution of fatal pandemic and 
seasonal influenza cases in England 
Of the 336 pandemic fatal cases in England with infor-
mation on age, the median age of fatal pandemic cases 
was 43 years (interquartile range (IQR): 24–57) and the 
mean was 41 years (standard deviation (SD): 22). The 
population mortality rate from pandemic influenza was 
higher in the under one-year-olds than in other age 
groups (Figure 2A). Only four (1%) of 336 fatal pandemic 
cases were reported in children under six months of 
age. Population mortality rates were not elevated in 1-4 
year olds compared to older age-groups.

A total of 334 fatal seasonal influenza cases were col-
lated from death certificates for the period between 
2 January 2001 and 2 February 2009 in England. The 
seasonal influenza deaths occurred mainly in people 
aged 65 years or over (Figure 2B), with 232 (69%) of 
334 seasonal influenza deaths compared to 50 (15%) 
of 336 pandemic influenza deaths (Fisher’s exact test, 
p<0.0001). There was no evidence of a significant dif-
ference in the proportion of deaths in children younger 
than six months from pandemic influenza compared 
to seasonal influenza (Fisher’s exact test, p=0.24). 
The average age was higher in fatal seasonal influ-
enza cases compared to fatal pandemic influenza, with 

Figure 3
Distribution of pandemic influenza A(H1N1) deaths (2009-2010, n=308a) and seasonal influenza deaths (2001–2009, n=334) 
by reported underlying risk factor, England

Risk groups: chronic neurological disease (Neuro), chronic respiratory disease including asthma (Resp), immunosuppression through disease 
or treatment (Imm), chronic heart disease (Heart), diabetes (Diab), chronic renal disease (Renal), obesity (Obese), chronic liver disease (Liver), 
pregnancy (Preg) and stroke/transient ischaemic attack (Stroke), no risk group including pregnancy and obesity (None).
Cases may fall into more than one risk group.
a Excluding cases with no available information on risk group.
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a median of 81 years (IQR: 53–89) and a mean of 66 
years (SD: 32). 

Distribution of underlying risk factors 
amongst pandemic influenza and seasonal 
influenza fatal cases in England
Data on risk group were missing for 29 (9%) of 337 
cases. Information was more likely to be missing in 
young children (p=0.004, 36% in the 1–4-year-olds 

compared to all other age groups in the range of 
0–15%) and in the autumn wave (p=0.028, 2% in the 
summer wave versus 10% in the autumn wave). Of the 
308 fatal pandemic influenza cases in England with 
available data, 222 (72%) fatal cases had an under-
lying risk factor for severe influenza and fell into 
DH-defined risk groups recommended for the 2008-9 
seasonal influenza vaccine (excluding pregnancy and 
obesity). Twenty-eight people had these latter underly-
ing conditions, 15 of whom (nine obese and six preg-
nant fatal cases) did not have any other underlying 
risk factor. Including these 15, this gives a total of 77% 
(237 of 308) of fatal pandemic influenza cases in a risk 
group. The majority (n=171, 72%) of the 237 fatal cases 
with an underlying risk factor had only one risk factor, 
however, 43 fatal cases suffered from two underlying 
conditions, 20 from three, and three from four or five 
risk factors. 

The distribution of fatal cases of pandemic influenza 
by reported underlying risk factor is shown in Figure 3. 
Chronic neurological disease, respiratory disease and 
immunosuppression were the most common reported 
risk factors. A similar pattern in the distribution of indi-
vidual risk factors was observed for seasonal influenza 
deaths, although, after adjusting for age, fatal cases of 
pandemic influenza were more likely to be associated 
with a risk factor than fatal cases of seasonal influenza 
(age-adjusted OR: 2.8; 95% CI 1.7–4.5; p<0.0001). For 
fatal seasonal influenza cases, 57% (191 of 334) had 
an underlying risk factor (excluding pregnancy and 
obesity). The most common risk factors were chronic 
neurological and cardiac disease (Figure 3). There was 
evidence that immunosuppression (age-adjusted OR: 
4.3; 95% CI: 2.4–7.8) and chronic renal disease (age-
adjusted OR: 2.7; 95% CI: 1.2–6.2) were more common 
in pandemic influenza deaths than seasonal deaths. 

The distribution of individual risk factors in the English 
pandemic fatal cases is shown in Table 1. The most 
commonly reported underlying risk factor in chil-
dren (aged under 16 years) was neurological disease, 

  Population Pandemic influenza deaths (April 
2009-February 2010) Seasonal influenza deaths (2001-2009)

Age group Risk group Total % Risk group Total % pb Risk group Total % pb

<6 months N/A 333,800 N/A 4 4 100.0% N/A 4 8 50.0% N/A
<6 months - 
15 years 535,933 9,225,079 5.8% 32 44 72.7% <0.0001 28 49 57.1% <0.0001

16-64 years 4,043,312 34,724,600 11.6% 145 215 67.4% <0.0001 29 45 64.4% <0.0001
65 years 
and over 4,233,686 8,285,300 51.1% 41 45 91.1% <0.0001 130 232 56.0% 0.148

Total 8,812,931 52,568,779 16.8% 222 308 72.1% <0.0001 191 334 57.2% <0.0001

N/A: not applicable.
a Of those with known risk group status (excluding pregnancy and obesity).
b p value for Fisher’s exact test of difference in proportions.

Table 2
Proportion of fatal pandemic (n=308a) and seasonal (2001-2009, n=334) influenza cases with risk factors compared to the 
general population, by age group, England 

Table 1
Distribution of risk factors for fatal pandemic influenza 
A(H1N1), England only, April 2009–February 2010 
(n=308)

Underlying risk factor Total (%a)
Chronic neurological disease 67 (22%)

Cerebral palsy/developmental delay 22
Neuro-musculoskeletal disorders 10

Down’s syndrome 7
Epilepsy 9

Chronic respiratory disease 63 (20%)
Chronic obstructive pulmonary disease 20

Asthma 19
Immunosuppression 62 (20%)

Leukaemia/lymphoma 20
Myeloma 14

Solid tumour 8
Organ/bone marrow transplant 9

Chronic heart disease 35 (11%)
Congenital 9

Diabetes 25 (8%)
Chronic renal disease 22 (7%)
Chronic liver disease 20 (6%)

Alcohol-related 12
Obesity 18 (6%)
Pregnancy 10 (3%)

Cases may fall into more than one risk group and suffer from more 
than one disorder within each risk group.
a Proportion of all cases with known risk group status (n=308).
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whereas in adults (aged 16 years or over), immunosup-
pression was the most common. There were also 71 
other fatal cases that had no reported underlying risk 
factor for severe disease. Adults aged 25-44 years had 
the highest proportion without an underlying reported 
risk factor for severe disease (28/87, 32%). 

The mean duration of time from illness onset to death 
amongst fatal pandemic influenza cases was 12 days, 
the median was 9.5 days (IQR: 5–17, range: 0–45 days) 
(n=116 on whom such information was known).

Prevalence of underlying risk factors for 
severe disease in the general population 
and in fatal cases of seasonal and 
pandemic influenza in England
The prevalence of any risk factor for severe disease in 
the general population of England between six months 
and 64 years of age was 10%, whereas it was 51% for 
people aged 65 years or over (Table 2). 

There was strong evidence in all age groups for a sig-
nificant difference (p<0.0001) between the people who 
died with pandemic influenza and the general popu-
lation regarding the proportion with at least one risk 
factor (excluding obese and pregnant fatal cases). A 
similar pattern was seen for deaths due to seasonal 
influenza (Table 2). 

Case fatality ratios for pandemic influenza 
A(H1N1) in England by risk factor 
The overall estimated symptomatic CFR was 0.4 per 
1,000 clinical cases. The 95% confidence limits around 
CFR estimates, using low and high estimates for the 
cumulative number of clinical cases, gave a range of 
0.2 to 1 per 1,000 clinical cases. There was evidence 
of differences in the age-specific CFRs, with a higher 
CFR in those over 65 years of age (CFR: 9; range: 3–26 
per 1,000 clinical cases) compared to those aged six 
months to 65 years (CFR: 0.4; range: 0.2–0.9 per 1,000 
clinical cases). 

The estimated CFR for clinical cases aged between six 
months and 64 years in a risk group (excluding obese 
and pregnant cases) was 2 per 1,000 cases compared 
to 0.4 per 1,000 case for those not in a clinical risk 
group (Table 3). The CFR for clinical cases aged 65 
years or over in a clinical risk group was estimated 
to be 15 per 1,000 clinical cases compared to 1.5 per 
1,000 for those aged 65 years or over who were not in 
a risk group. 

The estimated CFR also varied by individual risk group 
(Table 3). In particular a much higher CFR was observed 
amongst clinical cases with underlying immunosup-
pression, chronic liver disease or chronic neurological 
disease. 

The CFR for pregnant women was 0.9 per 1,000 clinical 
cases (95% CI: 0.2–3.5 per 1,000).

Population mortality rate and relative risk 
of fatal illness in England by risk group 
In the age group between six months and 64 years of 
age, the population mortality rate by risk group was 
highest for those with underlying chronic neurological 
disease, chronic liver disease and immunosuppres-
sion (Table 3). The population mortality ratio for preg-
nant women was 1.6 per 100,000 (95% CI: 0.8–3.0 per 
100,000).

The RR of fatal illness from pandemic influenza A(H1N1) 
virus infection was highly elevated for those with a 
risk factor in all age groups (Table 3). In the age group 
of six months to 64 year-olds, the highest risk group-
specific age-adjusted RR of fatal illness was found in 
those with immunosuppression, chronic liver disease 
and chronic neurological disease. 

The RR of fatal illness for pregnant women was also 
elevated (RR: 7; 95% CI: 3–15) compared with women 
of child-bearing age with no risk factor (15-44 years). 

Population attributable fraction for 
fatal pandemic influenza in England
The PAF was 82% for any risk factor in fatal cases aged 
65 or over and 65% for those aged six months to 64 
years. This means that 65% of the pandemic influenza 
deaths in the English population aged six months to 64 
years could potentially be prevented by protecting all 
those in a clinical risk group. 

The highest risk group-specific PAFs for those aged 
six months to 64 years were for chronic respiratory 
disease, immunosuppression and chronic neurological 
disease (Table 3). 

Discussion
After the summer and autumn/winter waves of pan-
demic influenza (H1N1) 2009, more than 400 fatal cases 
had been reported across the UK. Unlike seasonal 
influenza, where deaths occur mainly amongst the 
elderly, the majority of the pandemic influenza deaths 
were among young and middle-aged adults. Most fatal 
pandemic influenza cases had underlying risk factors 
for severe illness and although the overall CFR has 
been low, it was significantly higher amongst those in 
clinical risk groups. The RR and population attributable 
fractions for fatal pandemic influenza were particularly 
high for groups with underlying chronic neurologi-
cal disease, chronic respiratory disease, chronic liver 
disease and immunosuppression. Pandemic influenza 
in pregnancy has also been demonstrated to be a risk 
factor for death. 

There are several limitations to this study. Firstly, the 
CFR estimates rely on estimated numbers of clinical 
cases consulting health services in the population. 
There is considerable uncertainty about these denomi-
nators. If the number of symptomatic cases has been 
underestimated, then the CFR will have been overesti-
mated. An indication of the uncertainty is captured by 
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including the upper and lower limits of the estimated 
number of cases in the CFR calculations. Secondly, fatal 
case ascertainment may be incomplete. To minimise 
this, data has been reconciled from several independ-
ent sources. Thirdly, data on risk factors are missing 
for 9% of pandemic fatal cases. Fourthly, we did not 
have information on trimester at time of death for preg-
nant women. Consequently, to derive our denominator 
of pregnant women we used an estimate for all preg-
nancies including those that had a miscarriage. If the 
risk of death is greatest in the later stages of preg-
nancy, this may have led to an under-estimation of the 
risk of fatal disease amongst pregnant women. Fifthly, 
the results of the comparison between seasonal and 
pandemic influenza should be interpreted cautiously, 
as the method of collection of risk group information 
in the two datasets was different. Finally, some of the 
cases had severe underlying medical conditions, with 
influenza as a contributing cause of death. We do not 
know what proportion of these deaths could have been 
prevented by protecting against influenza. 

Several hundred fatal pandemic influenza A(H1N1) 
cases have been reported in the UK since spring 2009. 
Laboratory-confirmed fatal cases have been identified 
in all age groups, mainly amongst younger adults, with 
only a minority of deaths in those aged over 65 years. 
Although the population mortality rate for pandemic 
influenza virus infection was low in the elderly, the 
CFR of pandemic influenza in this group was high. A 
very different picture was apparent for seasonal influ-
enza, where the majority of deaths based on death 
certificate analysis were in those in 65 years or older. 
This is illustrated by excess mortality at the popula-
tion level during seasonal influenza seasons, with the 
excess normally occurring amongst the elderly [18]. 
The observation that few confirmed pandemic influ-
enza deaths occurred amongst those aged 65 years 
or older suggests that this part of the population is at 
least partially protected from the infection. This con-
curs with cross-sectional seroprevalence data from 
the United States (US) and the UK, which show that a 
substantial proportion of the birth cohort born before 
1957 have cross-reactive antibodies to the pandemic 
influenza A(H1N1) virus [19,20]. This would be consist-
ent with exposure to influenza A(H1N1) viruses circulat-
ing in the population in the period from 1918 to 1957 
and explains the relatively low disease burden in these 
older cohorts during the present pandemic.

We report an overall CFR of 0.4 per 1,000 cases of 
pandemic influenza. This CFR is consistent with ear-
lier published work from the UK by Donaldson et al. 
[3], but also from the US [5] and from reports from the 
southern hemisphere [21]. This figure also fits with the 
clinical picture associated with pandemic influenza 
virus infection that continues to be a generally mild 
disease for most cases. The observed CFR is much 
lower than observed in previous pandemics [3]. This 
low case fatality is in agreement with data from the 
routine excess mortality surveillance system operating 

in England and Wales, where no excess all-cause mor-
tality was observed until the end of December 2009 
either overall or in any individual age group based on 
daily and weekly mortality returns from the General 
Registry Office and the ONS. However, a small excess 
in all-cause mortality was observed in weeks 52 and 
53 of 2009. This occurred at a time when there was 
little pandemic influenza circulation and is therefore 
unlikely to be attributable to pandemic influenza [9]. 
Other European countries have also developed real-
time systems to monitor excess mortality as part of 
an EU-funded network, EuroMoMo. This network has 
reported a slight excess in cumulative mortality in 
young children which could possibly be attributed to 
pandemic influenza activity [22].

We report that the majority of fatal cases of confirmed 
pandemic influenza had an underlying risk factor for 
severe influenza disease. Similar findings have been 
reported earlier in the UK [3] and the US [23]. The risk 
factor distribution for pandemic influenza deaths was 
very similar to that seen for seasonal influenza deaths, 
except that the latter group had a larger proportion 
with no reported clinical risk group according to data 
obtained from death certificates. This discrepancy 
could be related to under-reporting of clinically relevant 
material on the death certificate for seasonal influ-
enza, particularly in the older age groups among whom 
the prevalence of underlying risk conditions is likely to 
be high. The measures of risk and impact of pandemic 
influenza were particularly high for those with under-
lying neurological disease, respiratory disease, immu-
nosuppression and liver disease. This highlights the 
importance of implementing effective, targeted pre-
vention measures, although a significant minority of 
younger adults had no underlying risk factor.

A number of points can be raised regarding specific 
clinical risk groups:

Those with underlying neurological disease were the 
largest recognised group of deaths with an underly-
ing risk factor. This group had the highest CFR and the 
largest population attributable fraction. Successfully 
targeting this group provides potential to reduce over-
all pandemic deaths. The majority of these cases were 
children and young adults with neuro-developmental 
problems such as cerebral palsy or neuro-muscular-
skeletal problems such as muscular dystrophy. The 
US Centers for Disease Control and Prevention have 
reported that 92% of the children who died with lab-
oratory-confirmed infection and who had an underly-
ing risk factor had neuro-developmental conditions 
[24]. This population (particularly under 16 years) is 
not large in the UK and is often clustered in residen-
tial special school settings, further increasing their 
vulnerability. They have been recognised as a group at 
higher risk of severe disease from seasonal influenza 
[25]. Our findings highlight the importance of delivery 
of pandemic influenza A(H1N1) vaccine to this group. In 
addition, these individuals should have rapid access 
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to antiviral drugs to modify the clinical course of their 
infection and should be considered for prophylaxis if 
exposed. 

Those with underlying respiratory disease were the 
second largest group of deaths with an underlying risk 
factor. However, as this population, which includes 
people with asthma and chronic obstructive airways 
disease, is large, the CFR is considerably lower than 
for other risk factors such as neurological disease. 
Asthma and other chronic respiratory diseases have 
long been recognised as important risk factors for 
severe illness from influenza infection [26,27], and tar-
geting people with these risk factors with vaccination 
and early antiviral treatment can prevent a significant 
number of deaths. 

Pregnant women were overrepresented amongst fatal 
cases in the UK compared with the general population 
and are at increased risk of death. These observations 
are similar to what has been seen in the US [7], with 
reports of deaths usually in the third trimester of preg-
nancy. Deaths amongst pregnant women have also 
been observed in other countries [6] e.g. South Africa 
[28]. More recent work from the US has also shown the 
benefit of early antiviral treatment [8], and these find-
ings reinforce the importance that pregnant women 
remain a priority group for the UK pandemic influenza 
A(H1N1) vaccine programme.

The findings from this paper, and in particular the 
information from the RRs and population attributable 
fractions show that the most vulnerable groups for 
fatal pandemic influenza virus infection are younger 
adults with chronic neurological, immunosuppressive 
and respiratory diseases. Assuming causality, the 
results suggest that many deaths can be prevented if 
risk groups are targeted early with effective prevention 
programmes such as pandemic influenza vaccination. 
The success of such prevention programmes is contin-
gent upon them achieving rapid high coverage. 
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