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SUMMARY

Uncertainties exist regarding the population risks of hospitalization due to pandemic influenza

A(H1N1). Understanding these risks is important for patients, clinicians and policy makers. This

study aimed to clarify these uncertainties. A national surveillance system was established for

patients hospitalized with laboratory-confirmed pandemic influenza A(H1N1) in England.

Information was captured on demographics, pre-existing conditions, treatment and outcomes.

The relative risks of hospitalization associated with pre-existing conditions were estimated by

combining the captured data with population prevalence estimates. A total of 2416

hospitalizations were reported up to 6 January 2010. Within the population, 4.7 people/100 000

were hospitalized with pandemic influenza A(H1N1). The estimated hospitalization rate of cases

showed a U-shaped distribution with age. Chronic kidney disease, chronic neurological disease,

chronic respiratory disease and immunosuppression were each associated with a 10- to 20-fold

increased risk of hospitalization. Patients who received antiviral medication within 48 h of

symptom onset were less likely to be admitted to critical care than those who received them after

this time (adjusted odds ratio 0.64, 95% confidence interval 0.44–0.94, P=0.024). In England the

risk of hospitalization with pandemic influenza A(H1N1) has been concentrated in the young and

those with pre-existing conditions. By quantifying these risks, this study will prove useful in

planning for the next winter in the northern and southern hemispheres, and for future pandemics.
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INTRODUCTION

The emergence of the first pandemic of influenza for

40 years proved less severe than had been anticipated

in many governments’ plans [1, 2]. As a result, most

people [3] who were infected with pandemic influenza

A(H1N1) suffered a short, self-limiting illness with no

complications [4]. A proportion, however, suffered a

serious illness resulting in hospitalization [5, 6]. For

some this involved time in a critical care facility

[6–10].
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Early clinical reports and, later, analysis of ag-

gregated data from around the world in the first

phase of the new pandemic, provided insight into the

nature of the complications that were arising par-

ticularly in children and younger adults [10–14]. This

age profile for severe disease was different to seasonal

influenza, which affects those aged o65 years

disproportionately [15]. Key risk factors (such as pre-

existing medical conditions, younger age and preg-

nancy) for hospitalization following infection with

pandemic influenza A(H1N1), were reported for

Mexico, North America and Australasia [5, 7, 8, 16].

Uncertainties remain about the risks for hospital-

ization at the population level and for people with

particular pre-existing conditions. Information on

these risks is essential for assessing the adequacy of

health service capacity (particularly of critical care) as

well as clinical and public health interventions. The

pandemic influenza A(H1N1) virus is expected to re-

turn in the Northern and Southern hemisphere 2010

influenza seasons [17].

We have gathered and analysed data on patients

hospitalized with pandemic influenza A(H1N1) with-

in a whole country during the main period of disease

activity with the aim of clarifying some of these key

uncertainties.

METHODS

A surveillance system for all hospital in-patients with

pandemic influenza A(H1N1) in England was estab-

lished in September 2009. It was designed to identify

and quantify the risk factors for severe illness and to

detect trends in virus behaviour. Hospitals already

participating in a research project on pandemic influ-

enza A(H1N1) were not invited to contribute to this

surveillance system, to minimize the reporting burden

on clinicians.

Consultant microbiologists in each hospital were

asked to submit a standardized dataset for any case of

pandemic influenza A(H1N1) admitted to their hos-

pital. A case was defined as any person formally ad-

mitted to hospital (regardless of duration of stay) who

had laboratory confirmation [by polymerase chain

reaction (PCR) testing] of pandemic influenza

A(H1N1) during or prior to their hospital admission.

The dataset included: demographic information

(date of birth, sex), pre-existing medical conditions

(by organ system, pregnancy and immunosuppres-

sion), treatment (antiviral medication use), dates of

admission and discharge (to hospital and to critical

care if relevant), and complications, as well as patient

identifiers [National Health Service (NHS) number,

hospital number, name]. Missing data were excluded

from the denominator where appropriate.

Data gathering was via a secure web-based portal,

which prompts clinicians for missing data fields. In-

complete records were followed up by telephone or

by linking with other laboratory and field data.

Additional cases were identified through the Health

Protection Agency’s (HPA) regional microbiology

network.

Explicit ethical approval was not sought as this

data collection was part of routine pandemic surveil-

lance. Surveillance was carried out under the NHS

Act 2006 (section 251), which provides statutory

support for disclosure of such data by the NHS, and

their processing by the HPA, for communicable

disease control.

Prevalence of pre-existing medical conditions

The population prevalence of specific pre-existing

medical conditions (excluding pregnancy) was esti-

mated from information provided by English general

practitioners (GPs) to the Department of Health-

HPA (DoH-HPA) influenza vaccine uptake moni-

toring system [18]. For the population aged 6 months

to 64 years, a breakdown by individual pre-existing

condition is available (based on data provided by

96.2% of all English GP practices) [3]. For the

population aged o65 years, the number of people

with a pre-existing medical condition was extrapo-

lated from data provided by 79.4% of GP practices

(provisional data provided by the DoH). A break-

down by pre-existing condition was not available for

people aged o65 years.

The point prevalence of pregnant women was

estimated using the sum of the published number of

maternities (births and stillbirths) and an estimate of

the number of miscarriages and abortions each year

[19]. An estimate of the female population of child-

bearing age (15–44 years) was used to estimate the

annual number of miscarriages or abortions,

assuming a 4% abortion/miscarriage rate [20]. To

calculate the point prevalence of pregnant women,

9/12 of the annual number of maternities (assuming a

pregnancy of 9 months’ duration) was added to 3/12

of the annual number of miscarriages or abortions

(assuming a mean duration of 3 months). The number

of pregnancies in each trimester was calculated, as-

suming that maternities were divided equally between

Influenza A(H1N1) hospitalizations 1561

https://doi.org/10.1017/S0950268810002657 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268810002657


trimesters and that all miscarriages and abortions

occurred in the first trimester.

Estimated hospitalization rates for cases of pandemic

influenza A(H1N1)

Estimated hospitalization rates for cases of sympto-

matic pandemic influenza A(H1N1) within the popu-

lation were calculated for the period 1 April 2009 to

6 January 2010. A 1-week lag period was assumed

from disease onset to hospital admission.

Throughout the pandemic, the HPA provided esti-

mates of the total number of symptomatic cases of

pandemic influenza A(H1N1). This cumulative esti-

mate was used as the denominator to calculate the

estimated hospitalization rates for cases with pan-

demic influenza A(H1N1). The method of estimating

the number of symptomatic cases incorporates the

number of people consulting their GP with influenza-

like illness, the number using a national internet

and telephone-based system to obtain antiviral medi-

cation (the National Pandemic Flu Service), the

proportion of each of these groups with laboratory-

confirmed pandemic influenza A(H1N1) in a tested

sample (the positivity rate) and an estimate of the

proportion of those with symptomatic illness in the

population who do not seek medical attention via

either of these routes [21]. Positivity and consultation

rates were stratified by age, providing case estimates

by age group. Upper and lower estimates around

the central estimate reflect the uncertainty inherent in

estimating case numbers.

Estimated hospitalization rates for cases of

pandemic influenza A(H1N1) were calculated using

the central estimate of cases as the denominator. The

upper and lower estimates of cases were used to

calculate lower and upper estimates, respectively, of

the estimated hospitalization rate for cases. A 95%

confidence interval (CI) was calculated around these

estimates to account for the uncertainty around the

observed number of hospitalizations. The ranges

presented in this paper refer to the upper 95% confi-

dence limit of the upper estimated rate and the lower

95% confidence limit of the lower estimated rate.

In addition to the calculating the estimated hospi-

talization rates for cases of pandemic influenza

A(H1N1), estimated hospitalization rates for the

population were calculated. The estimated hospitali-

zation rate for the population was estimated by

dividing the number of hospital admissions due to

pandemic influenza A(H1N1) by the population.

Population estimates were taken from the Office for

National Statistics for 2007 [20].

To estimate the number of clinical cases with dif-

ferent pre-existing conditions, it was assumed that the

risk of acquiring pandemic influenza A(H1N1) was

the same for the general population and for those with

pre-existing medical conditions. It was assumed that

infants aged <6 months represent half the cases aged

<1 year.

Relative risk

Pooled Mantel–Haenszel age-adjusted relative risks

were calculated for each pre-existing condition

with the exception of pregnancy. The denominator

data were available in the age groups 6 months to

<16 years and 16–64 years. Consequently, children

have been defined as being aged <16 years. The rela-

tive risk for pregnancy was calculated by comparing

the hospitalization rate for pregnant women with the

rate for women of childbearing age. In all cases the

comparison group was those with no risk factors. The

attributable fraction in the exposed and the popu-

lation attributable fraction were estimated for each

pre-existing condition.

RESULTS

In total, 2416 hospitalized cases were reported from

1 April 2009 to 6 January 2010. Reports were made by

77% of eligible hospital trusts (129/168). Many of the

trusts which did not submit data were already re-

porting to a separate research project. Those trusts

that did not make reports were no different from

those that did in complexity of referrals (secondary vs.

tertiary facility) or number of beds (mean 619 vs. 711,

P=0.2).

The crude overall rate of hospitalizations for the

8-month period encompassing the two waves of the

pandemic was 4.6/100 000 population (Table 1).

The rate of hospitalization decreased markedly with

increasing age. The median age of admitted patients

was 20 years [interquartile range (IQR) 6-38] and

48% (1160/2411) were male. The median length of

hospital stay was 2 days (IQR 1-5). Length of stay was

greater for adults (median 3 days, IQR 1-6) than for

children (median 1 day, IQR 1-3), P<0.001.

Estimated cases and hospitalizations occurred in

two waves (Fig. 1). The first wave peaked in mid-July

2009, the second in late October 2009. The greatest

number of admissions within the ten English NHS
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regions was reported from hospitals in the West

Midlands (477, 8.8 cases/100 000 population) and in

London (401, 5.3 cases/100 000 population).

The estimated hospitalization rate for cases of

pandemic influenza A(H1N1) fell over the course of

the pandemic. In June 2009 it was 1580/100 000 cases

and by October 2009 it had fallen to 260/100 000

cases (test for trend P<0.0001). Overall, 310 (range

120–680) of every 100 000 estimated cases were ad-

mitted to hospital. Those at the extremes of age had

the highest rates of hospitalization (Fig. 2).

Risk factors for hospitalization

Information on pre-existing medical conditions

was available for 91% (2209/2416) of hospitalized

patients. Of these 58% (1296/2209) had one or more

pre-existing conditions. This proportion increased

with age (Fig. 3a). Patients with pre-existing con-

ditions had a greater length of stay (median 3 days,

IQR 1-6) than those without (median 1 day, IQR 1-3)

(P<0.001).

The relative risk of hospitalization was ten times

greater for those with a pre-existing medical condition

compared to those without, in those aged 6 months to

64 years (Table 2). The pre-existing conditions con-

ferring the highest relative risks of hospitalization in

those aged 6 months to 64 years were immunosup-

pression, chronic renal disease, chronic neurological

disease and chronic respiratory disease (Table 2).

Twenty-one percent of all women aged 15–44 years

were pregnant at the time of admission. Pregnancy
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Fig. 1. Estimated cases (——) of pandemic influenza A(H1N1) within the population and number of laboratory-confirmed
hospitalizations ( ) by week.

Table 1. Laboratory-confirmed hospitalization and critical care admission

rates for pandemic influenza A(H1N1) by age group

Age
group
(years)

Hospitalized
cases

Hospitalization
rate/100 000
population
(95% CI)

Critical care

admissions
(percent of
hospitalized
patients)

Critical care

admission
rate/100 000
population
(95% CI)

<1 184 27.6 (24.0–32.2) 5 (2.7%) 0.7 (0.4–2.2)
1–4 305 12.4 (11.0–13.9) 5 (1.6%) 0.2 (0.1–0.5)
5–14 476 8.1 (7.5–8.9) 31 (6.5%) 0.5 (0.4–0.7)

15–24 408 5.9 (5.4–6.5) 35 (8.6%) 0.5 (0.4–0.7)
25–44 558 3.9 (3.6–4.3) 73 (13.1%) 0.5 (0.4–0.6)
45–64 351 2.7 (2.5–3.0) 77 (21.9%) 0.6 (0.5–0.8)

o65 98 1.2 (1.0–1.5) 18 (18.4%) 0.2 (0.1–0.5)
All ages 2380 4.6 (4.4–4.9) 244 (10.3%) 0.5 (0.4–0.6)

CI, Confidence interval.
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conferred a 7.8-fold greater risk of admission than

that for all females of childbearing age (Table 3). The

risk of admission was greater during the second and

third trimesters than the first trimester. The majority

of pregnant women had no other pre-existing con-

ditions (72%, 97/135). The most common pre-existing

conditions in pregnancy were asthma (23/135), im-

munosuppression (5/125) and diabetes (4/133).

Critical care admission

Overall, 33 of every 100 000 estimated cases within

the population were admitted to critical care. Of the

patients admitted to hospital, 10.5% were admitted

to critical care. The proportion of hospital patients

admitted to critical care increased with age (Table 1).

The median length of stay in critical care was 5 days

(IQR 2–12 days, n=136). The length of stay in critical

care was not affected by the presence of pre-existing

conditions (median 5 days vs. 4.5 days for no pre-

existing condition, P=0.55).

Pre-existing conditions were significantly more

common in patients admitted to critical care than

in hospitalized cases as a whole (79% vs. 54%,

P<0.001; Fig. 3). Of patients admitted to critical

care, the proportion with a pre-existing condition was

similar across the age groups for those aged <65

years (test for trend P=0.59; Fig. 3b). A lower pro-

portion of those aged o65 years had a pre-existing

conditions than those aged f64 years (60% vs. 82%,

P=0.01). By contrast, for hospitalized patients as a

whole, the proportion with a pre-existing condition

increased with age (Fig. 3a).

Use of antiviral medication

Data on antiviral medication was available for

81% (1959/2416) of cases. Antiviral medication was

administered during the hospital stay for 67%

(1299/1927) of patients. Antiviral medication had

been started within the recommended 48-h window

after symptom onset in 44% (617/1416) and prior to

admission in 12% (213/1826) of cases. Patients who

received antiviral medication within the recom-

mended 48 h after onset of symptoms were less likely

to be admitted to critical care than those who received

them after 48 h, after adjusting for age, sex and

underlying risk factors [odds ratio (OR) 0.68, 95%

CI 0.47–0.99, P=0.047]. No effect on mortality was

observed (OR 0.77, 95% CI 0.42–1.43, P=0.41).

Complications

Complications were reported in 349 cases. The most

commonly reported complications were pneumonia

(321/2416, 13.3%), acute respiratory distress syn-

drome (44/2416, 1.8%), renal failure (31/2416, 1.3%),

shock (25/2416, 1.0%) and encephalopathy (10/2416

0.4%).

Information on the conclusion of the hospital

admission was available in 93% of cases (2242/2416).

Of these, 79 deaths were reported. This gives a hos-

pital case-fatality rate of 3.5%. The hospital case-

fatality rate was highest in those aged >64 years

(20%) and lowest in those aged<5 years (0.4%). The

hospital case-fatality rate was significantly higher for

those with pre-existing conditions compared to those

without (5.1% vs. 1.4%, P<0.001).

DISCUSSION

Over two waves, pandemic influenza A(H1N1) in

England caused 4.7/100 000 people to be hospitalized.

This rate is lower than that reported in other coun-

tries, including Australia (22.8/100 000 population),

The Netherlands (13.1) and Argentina (27.5) [16, 22].

England has taken an aggressive approach to the

pandemic, including a media campaign promoting

hand-washing and early widespread access to anti-

viral medication for cases within the community. This

may have contributed to the low hospitalization rate.

Alternatively, the lower rate of hospitalization in

England may be explained by international differ-

ences in case definition, reporting systems or thresh-

olds for admission.
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We have calculated the relative risk of hospitaliz-

ation associated with different pre-existing conditions.

Chronic kidney disease, chronic neurological disease,

chronic respiratory disease and immunosuppression

are associated with a 10- to 20-fold increased risk of

hospitalization. Reports of pregnancy as a risk factor

for pandemic influenza were also substantiated by

this study with the greatest risk for those in the third

trimester. Other studies have identified chronic res-

piratory disease and chronic neurological disease as

the most common pre-existing conditions in those

hospitalized or dying [23–25]. These studies have not

quantified the risk of hospitalization for people with

these conditions. By contrast, our study takes account

of chronic disease prevalence in the population. In so

doing, we show that other, less common, pre-existing

conditions, such as chronic kidney disease and im-

munosuppression, are associated with a similar, or

even greater, risk of hospitalization than chronic

respiratory disease and chronic neurological disease.

It is possible that different admission criteria applied

to those with pre-existing conditions could contribute

to the higher hospitalization rates. However, the high

risk of severe disease in this group suggests this con-

tribution is likely to be small. Quantifying these risks

is important. It can guide advice to the public, par-

ticularly for those with existing illnesses. Quantifying

the risks can also help clinicians in decisions about the

timing of treatment of high-risk patients. It can also

guide policy decisions about vaccination.

A small number of studies have estimated the total

number of cases of pandemic influenza A(H1N1)

within the population so that it could be used as a

denominator for calculating hospitalization rates for

affected people. Our study found that an estimated

0.31% of cases of pandemic influenza A(H1N1) were

hospitalized. This is similar to New Zealand (0.30%)

and the USA (0.44%) [16, 26]. Our age-specific
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Table 2. Hospitalization rates, relative risk and attributable fractions for different pre-existing conditions

Population
(1000s)

Estimated
cases
(1000s)

Hospital
admissions

Hospitalization

rate/100 000
population
(95% CI)

Relative risk
(95% CI)

Estimated

hospitalization rate/
100 000 cases within
the population (range)

Attributable
fraction among
exposed (%)

Population
attributable
fraction (%)

6 months to 64 years

No pre-existing conditions 39 370 683.8 1005 2.6 (2.4–2.7) 1.0 147.0 (66.1–329.2)
Any Pre-existing conditions 4579 79.5 1016 22.2 (20.8–23.6) 10.3 (9.4–11.3) 1277.4 (574.6–2858.4) 88.5 44.5
Chronic kidney disease 182 3.2 58 31.7 (24.1–41.0) 17.5 (13.4–22.9) 1826.8 (664.6–4943.9) 85.9 2.5

Chronic heart disease 688 11.9 85 12.4 (9.9–15.3) 6.1 (4.8–7.6) 711.6 (272.2–1849.7) 63.8 2.7
Chronic respiratory disease 2015 35.0 593 29.4 (27.1–31.9) 12.1 (10.9–13.4) 1693.6 (747.1–3859.9) 88.4 25.9
Chronic liver disease 139 2.4 22 15.8 (9.9–23.9) 8.9 (5.8–13.5) 908.3 (272.7–2882.1) 71.1 0.8

Diabetes 1010 17.6 75 7.4 (5.8–9.3) 4.2 (3.3–5.3) 427.4 (161.0–1126.9) 38.9 1.4
Immunosuppression 373 6.5 132 35.4 (29.6–41.9) 18.4 (15.3–22.1) 2035.8 (816.1–5063.5) 87.7 5.7
Chronic neurological disease 430 7.5 120 27.8 (23.1–33.3) 14.3 (11.8–17.2) 1603.2 (636.8–4024.0) 84.3 5.0

Total 43 949 763.3 2217 5.0 (4.8–5.3) 290.4 (133.3–637.6)

o65 years

No pre-existing conditions 4051 2.6 22 0.5 (0.3–0.8) 1.0 853.0 (256.3–2710.9)
Any pre-existing conditions 4234 2.7 65 1.5 (1.2–2.0) 2.8 (1.7–4.6) 2411.0 (892.9–6437.0) 64.6 48.3
Total 8285 5.3 101 1.2 (1.0–1.5) 1914.7 (748.0–4885.5)

CI, Confidence interval.
Population estimates are mid-2008 estimates [18]. Cases may have more than one pre-existing condition. The relative risk is calculated relative to the group with no pre-
existing conditions for that age group. For the age group 6 months to 64 years a pooled Mantel–Haenszel age-adjusted relative risk was calculated.
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estimated hospitalization rates for cases of pandemic

influenza A(H1N1) show a U-shaped distribution by

age. Both the elderly and the young have high rates of

admission when infected with pandemic influenza.

This distribution is similar to that observed for deaths

in the current and previous pandemics [1, 24, 27]. In

contrast, the hospitalization rate within the overall

population declines as age increases. This reflects the

very low clinical incidence of infection in older people,

probably due to pre-existing immunity [28].

Overall, 10.5% of hospitalized cases were admitted

to critical care, with the proportion requiring critical

care increasing with age. Those who received antiviral

medication within the recommended 48-h window

after symptom onset were less likely to be admitted to

critical care than those receiving antiviral medication

after this window. It is of concern, therefore, that

early antiviral use in this study was low. Use of anti-

viral medication at any point during the hospital stay

(67%) was lower than observed in France (81%) and

the USA (75%) [5, 29]. This may reflect lack of fa-

miliarity with antiviral medication, a perception of

low efficacy among clinicians, or a generally negative

attitude fuelled by media coverage of ‘side-effects ’.

Alternatively, it may reflect poor documentation in

clinical notes.

England had a targeted vaccination campaign. In

the first phase, vaccination was offered to those with

pre-existing medical conditions including pregnancy.

In the second phase, vaccination was offered to all

children aged <5 years. This paper supports this

prioritization. Those with pre-existing medical condi-

tions had the highest rates of hospital admission. By

age group, hospitalization rates were highest for those

aged <5 years.

Our study has a number of strengths. We have

collected data on a whole country, capturing key epi-

demiological characteristics for a large number of

hospital admissions. By using an estimate of the

prevalence in the community, we have been able to

quantify the relative risks associated with pre-existing

conditions. As with similar surveillance systems op-

erating during a pandemic, under-ascertainment of

cases may have occurred. This is likely to have oc-

curred equally across age and pre-existing conditions.

While the absolute rate of hospitalization may be an

under-estimate, the relative risk estimates are likely to

be valid. The case estimates used to calculate the es-

timated hospitalization rates for cases of pandemic

influenza A(H1N1) are uncertain. This is reflected in

the large confidence intervals.

Setting up and maintaining a national surveillance

system for hospitalizations due to pandemic influenza

A(H1N1) requires high level political support. By

using a secure electronic portal for reporting an ad-

ditional burden was placed on clinicians in acute

hospitals who were busy responding to the pandemic.

In including so many hospitals it was difficult to

quality-assure the system. While the system was able

to capture key data, a sentinel hospital surveillance

network is being piloted to capture data for the

forthcoming influenza season.

CONCLUSIONS

In England the risk of hospitalization with pandemic

influenza A(H1N1) has been concentrated in the

young and those with pre-existing conditions. Estab-

lishing a national hospital surveillance system

has allowed us to quantify the risk factors for

Table 3. Hospitalization rates and relative risk for pregnant women (aged 15–44 years)

Women (aged 15–44 years)
Population
(1000s)

Estimated
cases
(1000s)

Hospital
admissions

Hospitalization

rate/100 000
population
(95% CI)

Relative risk
(95% CI)

Estimated
hospitalization
rate/100 000

cases within
the population
(range)

No pre-existing conditions 9449 168.9 286 3.0 (2.7–3.4) 1.0 1.7 (0.7–4.0)
Pregnant women 600 11.0 141 23.0 (19.4–27.1) 7.8 (6.4–9.6) 12.9 (5.2–31.8)
First trimester 270 4.9 13 4.7 (2.5–8.1) 1.0 2.6 (0.7–94.8)
Second trimester 165 3.0 25 14.8 (9.6–21.8) 3.1 (1.6–6.1) 8.3 (2.6–25.5)

Third trimester 165 3.0 58 34.3 (26.1–44.3) 7.2 (4.0–13.2) 19.2 (7.0–51.7)

CI, Confidence interval.
The number of women of childbearing age (15–44 years) with no pre-existing conditions is an estimate based on the
proportion of the whole population aged 6 months to 64 years who do not have any pre-existing conditions.
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hospitalization. This is valuable for patients, clin-

icians and policy makers, informing decision-making.

This information will be essential when planning for

the next winter, both in the southern and northern

hemispheres, and for future pandemics.
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