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SUMMARY

Epidemiological studies have demonstrated high hospitalization rates attributable to influenza

and RSV in children aged <24 months. We prospectively recruited 977 children, aged <6 years,

presenting with influenza-like illnesses at a hospital during two winter seasons between 2002 and

2004. Nasopharyngeal aspirates were performed and sent for viral immunofluorescence and PCR.

Influenza and respiratory syncytial virus (RSV) rates were stratified by age, in-patient/outpatient

status and clinical diagnosis. The influenza A and RSV hospitalization incidence rates were 4 and

11/10 000 person-months respectively, whereas the accident and emergency (A&E) outpatient

rates were both 32/10 000 person-months in those aged <6 years. The influenza A and RSV

hospitalization rates were highest in children aged <24 months and <12 months (9.1 and 35.7/

10 000 person-months) respectively. Infection rates were particularly high in those aged

<6 months for both viruses. The age-specific influenza A and RSV A&E admission rates were

highest in those aged >6 months and those aged <12 months, respectively (43 and 92.5/10 000

person-months, respectively). In conclusion, these high paediatric RSV and influenza incidence

rates can be used to inform UK policy on childhood influenza immunization and subsequent

RSV immunization in the future.

INTRODUCTION

Documentation of the incidence and morbidity of

paediatric influenza and respiratory syncytial virus

(RSV) infections informs immunization policy. In the

United States, such epidemiological data have been

used to great effect in bringing about recommenda-

tions for universal paediatric influenza immuniz-

ation and will be used to create RSV immunization

recommendations when an ideal vaccine becomes

available [1–5]. In continental Europe there are lim-

ited paediatric influenza data available for Germany,

[6] Spain [7] and France [8] but there is no consensus

on universal immunization. In the United Kingdom, a

recent study involving children <72 months of age in

a large hospital in Leicestershire [9] revealed that

5.4% of children presenting to the hospital with acute

respiratory illness had a diagnosis of influenza infec-

tion.

RSV remains the commonest cause of acute lower

respiratory tract infections in infants in the industrial

world. It is responsible for hospitalization rates of
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about 30–40/1000 infants per year in Europe and

North America, and 59/1000 infants per year in Japan

in those with no risk factors [10–14]. Few population-

based RSV epidemiological studies exist in Europe

and the impact has largely been demonstrated in

the context of severe disease and hospitalization

rates, particularly with regards to high-risk groups

[15, 16].

Furthermore, the interpretation of influenza and

RSV incidence rates and morbidity data is often

constrained by the knowledge that there may have

been a degree of under-reporting. In order to ob-

tain outpatient visit and hospitalization rates at-

tributable to paediatric influenza, differences from

the baseline rates in a Massachusetts health main-

tenance organization were calculated over five sea-

sonal study periods in a retrospective study [4].

The rates of outpatient visits attributable to influ-

enza and RSV among infants and children aged

6–23 months were 1.8 and 4.6/100 person-months,

respectively, while for hospitalization this excess

rate was 3.9 and 8/10 000 person-months, respect-

ively.

There still remain differences in opinion within

European countries about universal influenza vacci-

nation for children [17]. Paediatric influenza and RSV

incidence and morbidity data gathered at the local

or regional level may help to inform vaccination

policy not only at those levels but also at the national

level provided it is considered to be representative.

We gathered hospital data prospectively during two

seasons 2002–2003 and 2003–2004 from a large

paediatric population in the catchment area of the

Royal London Hospital (RLH), Tower Hamlets, East

London in the United Kingdom, a country where

universal paediatric influenza immunization is not yet

recommended.

METHODOLOGY

Study design

This study was conducted at the RLH in East

London. It was a prospective, descriptive study of

infants and young children aged <6 years presenting

with symptoms suggesting influenza. The study was

performed over two winter seasons from 14 October

2002 for 31 weeks and from 17 November 2003 for 24

weeks. The local research ethics committee of the East

London and City Health Authority gave ethical ap-

proval.

Study population

The main catchment area of the RLH is the London

borough of Tower Hamlets, which accounts for about

17 889 resident infants and children aged <6 years

[18]. Of those routinely seen at RLH Accident and

Emergency Department (A&E), about 80% reside in

Tower Hamlets. By contrast, a small proportion of

infants and children (1.3%) that were resident in

Tower Hamlets were treated routinely at the A&E

of the Homerton and Newham Hospitals during

the study periods. These are general hospitals on

the fringes of the borough of Tower Hamlets. All the

children were recruited from six paediatric hospital

wards, the high dependency unit or the paediatric

A&E of the RLH.

Inclusion and exclusion criteria

Any infant or child aged <6 years was eligible for

recruitment if presenting to the hospital with a history

of one or more of the following conditions [which

collectively define ‘ influenza-like illnesses ’ (ILI) in

children for the purpose of this study] for <7 days

(168 hours).

Inclusion criteria were:

. acute upper respiratory tract infections including

colds, sinusitis, pharyngitis (red sore throat), ton-

sillitis (inflamed tonsils) and acute otitis media;

. acute lower respiratory tract illnesses including

croup, tracheitis, bronchiolitis (wheeze age <12

months), virally induced wheeze, asthma and

pneumonia (asthma was defined as a child aged >2

years with a history of asthma or newly diagnosed

during the study) ;

. any seizure;

. any acute febrile gastroenteritis without rebound

tenderness or guarding;

. apnoea or any life-threatening event in infants aged

<12 months;

. any acute febrile illness (temperatureo38.0 xC) but

excluding any condition with an acute rash or

known non-respiratory viral illness.

Exclusion criteria included any contraindication for

nasopharyngeal aspiration (NPA), i.e. recent naso-

pharyngeal surgery or acute epiglottitis. Those pre-

senting to A&E outside study recruiting times

(08:00–18:00 hours) were not recruited overnight but

if admitted to hospital, they were eligible for recruit-

ment the next day. Those with difficult social prob-

lems such as child protection issues were not
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approached. In order to obtain written informed

consent parents or guardians had to be fluent and

literate in English or Bengali (Bengali interpreters

were used). Patients were also excluded if consent was

refused.

Study team

One clinician and two research nurses were employed

during the two seasons. The hospital-based recruit-

ment took place between Monday and Friday in both

seasons and also on Saturday in the first season.

Patient enrolment and evaluation

Medical staff in the A&E and the paediatric wards

notified the research team about eligible participants.

These staff undertook diagnosis and management,

according to RLH standard clinical protocols. Once

informed consent was obtained enrolment required:

(1) Completion of an electronic standardized ques-

tionnaire recording patient demography, past

medical history, clinical findings, investigations

and diagnosis details. Details of pre-hospital and

hospital management were also collected.

(2) A NPA was performed within 24 h according to

standard procedures and samples were sent for

viral immunofluorescence (IF) and polymerase

chain reaction (PCR). The latter was performed

twice on every sample; molecular testing of sam-

ples was performed using the assays described for

influenza by Poddar et al. [19], for RSV by

Osiowy [20], for enterovirus by Shen et al. [21]

and for adenovirus by Echavarria et al. [22]

(3) Telephone follow-up with parents took place at 7

(¡2) days, 14 (¡2) days and 21 (¡2) days fol-

lowing discharge home and weekly until there was

objective evidence of resolution of the clinical

syndrome. A structured questionnaire was ad-

ministered during these follow-ups. During tele-

phone contacts, test results were relayed and

information was collected on:

. the child’s clinical state ;

. whether or not they required re-attendance at a

health-care facility ;

. whether or not additional medications had been

procured;

. school or day-care absenteeism;

. parental time taken off work;

. other direct societal costs of treatment.

An anonymized database was set up for all eligible

children that were not recruited so that baseline

comparisons and extrapolations could be made be-

tween the recruited and the unrecruited. This data-

base recorded the date the child was seen, the age, sex,

diagnoses and whether admitted to hospital.

Virological studies

Indirect IF methods were used to detect RSV, influ-

enza viruses A & B, parainfluenza virus and adeno-

virus on fresh NPA aspirates. Separate samples were

collected in buffer-containing Eppendorf bottles and

stored. A multiplex PCR technique was performed on

stored samples to detect RSV, influenza virus A & B,

parainfluenza 1, 2 and 3 viruses and enterovirus

RNA. PCR analysis was performed twice on each

NPA sample in the two seasons.

Statistical analysis

All statistical tests were carried out in STATA 8.0 [23].

Incidence rates were calculated for the population

of Tower Hamlets as the denominator population

was reasonably accurately described. As virology was

not available for non-recruited cases, their virology

infection rates were estimated from knowledge of

the in-patient/outpatient status, clinical diagnosis,

and age, using corresponding data of virology status

in those recruited. Numerators were corrected to

reflect the proportions of eligible cases presenting

to A&E and residing in Tower Hamlets (i.e. 80% of

all attendees resided in the borough of Tower

Hamlets). Numerators were also corrected to reflect

the fact that 86.5% and 81.5% of children with

influenza and RSV-positive virology were from the

borough, respectively. Further extrapolations were

made as some children had more than one diagnosis

and this was done by adjusting the estimated number

of cases based on the actual number of observed cases

in each age stratum. Age-specific incidence rates were

calculated as cases/10 000 person-months and 1000

person-years, and specific infection rates per total

number of ILI recruited were further calculated as

both percentages and cases/100 person-years.

Influenza and RSV incidence rates were also cal-

culated for children with asthma using the same

methods as above. The numerator was calculated

using recruited children presenting with a new diag-

nosis of asthma or known to have asthma from the

history. The age-band populations were based on an
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asthma prevalence of 9% [24]. The influenza trans-

mission period spanned 13 and 14 weeks in the re-

spective seasons and the RSV season spanned 24 and

27 weeks in the respective seasons. This accounted

for a person-time of 6.23 and 11.77 person-months

for influenza and RSV, respectively. Pearson’s and

Fisher’s exact x2 tests were used to compare differ-

ences in the Asian, White and Black ethnic groups.

Confidence intervals (CI) were computed assuming

the Poisson distribution for incidences data.

RESULTS

Patient characteristics

Over the two seasons there were 7346 clinical epi-

sodes that presented with ILI out of a total of 18 415

(40%) paediatric A&E episodes, which were aged

<6 years. Complete age and diagnostic data were

available for 4593 out of 4628 ILI presenting in the

first season (over 31 weeks) and 497 clinical episodes

were screened; in 443 recruited children (10%). In

the second season complete data were available

for 2705 out of 2718 ILI (cases over 24 weeks) and

480 clinical episodes were screened: in 438 recruited

children (16%) (some children had multiple atten-

dances). Figure 1 shows a flowchart of the recruitment

process.

Table 1 shows baseline comparisons between re-

cruited and non-recruited clinical episodes. Children

with recruited episodes were on average 6 months

younger (P<0.001) and were 17 times more likely to

be admitted than those with non-recruited episodes

(P<0.001). There was an overall decrease in the pro-

portion of those with eligible clinical episodes seen in

A&E between seasons : 4628 out of 10 361 (45%)

during the first season and 2718 out of 8054 (34%) in

the second. This decline was mostly due to the large

number of the clinical episodes presenting as gastro-

enteritis during the first season. When gastroenteritis

cases were excluded eligible episodes accounted for

35% and 32% in the first and second seasons, re-

spectively. In the study, 86.5% and 81.5% of re-

spective influenza-A- and RSV-infected children

resided in Tower Hamlets. As previously stated, 80%

of all clinical episodes presenting to the A&E during

the study period were aged <72 months and resided

in the Tower Hamlets catchment area. There were 455

eligible clinical episodes that were not recruited due

to refusal of carer to give consent, non-fluency in

English or Bengali of the carer, and social problems.
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The mean age of this group was 20.4 months, the

male :female ratio was 1.65:1 and the in-patient :

outpatient ratio was 1:1.2. These clinical episodes

were included in the extrapolation exercise as were

other non-recruited episodes. There were 56 children

aged<1 year and born prematurely. Of these, 20 had

RSV and two had influenza.

Children with high-risk medical conditions for

influenza

Underlying high-risk factors were identified in 96

(9.8%) of all children recruited of which seven (7.3%)

had influenza, and 12 (12.5%) had RSV identified in

their NPA. Of the high-risk cases, 40 children had

asthma, 26 congenital heart disease, 21 broncho-

pulmonary dysplasia, six cystic fibrosis, six sickle cell

disease, six were on steroid therapy, five had chronic

renal disease, three had thalassaemia, and two suf-

fered from immunodeficiencies. Fourteen children

had more than one high-risk condition, (asthma

accounted for 42% of all high-risk conditions

recruited into the study, i.e. 4.1% of all episodes

recruited). Of the children known to have asthma, one

had influenza and two had RSV identified in their

NPA, although all three did not present with asthma

exacerbations.

Virology

Over the two seasons, a total of 315 (33%) viruses

were identified in 965 samples taken from children

aged <72 months. The viral yield was greater in

2003–2004 than in 2002–2003 (P<0.001, Fisher’s

exact test) : 28% of the samples were positive in

2002–2003 compared with 38% in 2003–2004. The

virus-specific rates/100 ILI recruited into the study

are shown in Tables 2 a and 2 b.

The overall virus-specific rate/100 ILI for influenza

A infections (aggregated 2002–2003 and 2003–2004)

(using recruited patients as the denominator) was

11.3/100 person-years (95% CI 8.6–14.6). There

Table 1. Baseline comparisons between recruited and unrecruited eligible clinical episodes added <72 months

seen in hospital A&E departments

Variable

2002–2003 2003–2004

Recruited Unrecruited Recruited Unrecruited

Number 497 4101 480 2225
Sex (M:F ratio) 1.58 (1.31–1.89) 1.46 (1.38–1.56) 1.33 (1.11–1.60) 1.45 (1.33–1.58)

Mean age (months) 17.9 (16.4–19.4) 23.1 (22.5–23.6) 16.5 (15.0–18.0) 23.3 (22.5–24.1)

Numbers by age group
0–5 months 142 (28.6) 584 (14.2) 152 (31.7) 352 (15.8)
6–11 months 94 (18.9) 832 (20.3) 93 (19.4) 431 (19.4)

12–23 months 126 (25.4) 1082 (26.4) 112 (23.3) 546 (24.5)
24–35 months 56 (11.3) 606 (14.8) 51 (10.6) 327 (14.7)
36–47 months 30 (6.0) 441 (10.8) 35 (7.3) 264 (11.7)

48–59 months 36 (7.2) 351 (8.6) 21 (4.4) 185 (8.3)
60–71 months 13 (2.6) 205 (5.0) 16 (3.3) 120 (5.4)
Unknown age 0 (0.0) 26 (0.6) 0 (0.0) 5 (0.2)

Discharged (D) 175 (35.2) 3565 (86.9) 153 (31.9) 2106 (94.7)
Admitted (A) 322 (64.8) 520 (12.7) 323 (67.3) 119 (5.3)

D/A ratio 0.54 (0.47–0.63) 6.86 (6.25–7.55) 0.47 (0.42–0.53) 18 (14.9–21.7)

Ethnicity*
Bangladeshi 278 (55.9) — 283 (59.0) —
White 97 (19.5) — 68 (14.2) —

Black 62 (12.5) — 47 (9.8) —
Other 60 (12.1) — 63 (13.1) —
Unknown 0 (0.0) — 19 (4.0) —

Total# 497 (443) — 480 (438) —

Values within parentheses are percentages or 95% confidence intervals.

* Only known for recruited cases.
# Total : No. of clinical episodes, ( ) no. of patients recruited.
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was no difference in the virus-specific infection rates/

100 ILI cases between the two seasons (P=0.4). RSV

infection rates were significantly higher than influenza

A infection rates in both seasons. RSV infection rates

were higher in 2003–2004 when compared with the

2002–2003 season.

Laboratory-confirmed influenza admissions were

seen in Asians (5.5%), Whites (0.9%), Blacks (8.0%)

and other groups (4.3%) (x2=5.6, P=0.03), whereas

the A&E outpatient cases were seen in Asians (9.7%),

Whites (7.3%), Blacks (7.8%) and other groups

(2.8%) (x2=0.42, P=0.87). Laboratory-confirmed

RSV admissions were seen in Asians (23.1%), Whites

(29.7%), Blacks (22.7%) and other groups (19.6%)

(x2=2.22, P=0.35), whereas the RSV A&E out-

patient cases were seen in Asians (18.9%), Whites

(27.3%), Blacks (23.5%) and other groups (16.5%)

(x2=1.95, P=0.37).

Influenza and RSV incidence rates

Extrapolated influenza A and RSV hospital incidence

rates in children aged <72 months residing in Tower

Hamlets (based on the Tower Hamlets population

size) and those seen in A&E during the study period

are shown in Tables 3 and 4. Tables 5 and 6 show the

influenza A and RSV incidence rates for children aged

between 2 and 5 years who were known to have

Table 2(a). Samples (%) detected positive for virus in 2002–2003 (first season): 491 samples tested

in children aged <6 years

Virus (hospital arm)
aged <72 months

PCR
(n=456)

IF
(n=482)

Total
(n=491)

Virus-specific

rates/100 ILI cases
per person-year

Influenza-A 27 (5.9) 9 (1.9) 30 (6.1) 10.1 (6.9–14.6)
Influenza B 0 (0.0) 0 (0.0) 0 (0.0) 0.0 (0.0–1.3)

RSV 75 (16.5) 63 (13.1) 94 (19.1) 32.1 (25.9–39.3)
Parainfluenza 1 1 (0.2) 0 (0.0) 1 (0.2) 0.3 (0.0–1.9)
Parainfluenza 2 1 (0.2) 1 (0.2) 1 (0.2) 0.3 (0.0–1.9)

Parainfluenza 3 3 (0.7) 6 (1.2) 6 (1.2) 2.0 (0.8–4.5)
Parainfluenza (unspecified) 0 (0.0) 0 (0.0) 0 (0.0) 0.0 (0.0–1.3)
Enterovirus 4 (0.9) 0 (0.0) 4 (0.8) 1.4 (0.4–3.5)

Adenovirus 0 (0.0) 1 (0.2) 1 (0.2) 0.3 (0.0–1.9)

Total positive 111 (24.3) 80 (16.6) 137 (27.9) 46.8 (39.3–55.3)

PCR, Polymerase chain reaction; IF, immunofluorescence ; ILI. Influenza-like illness ; RSV, respiratory syncytial virus.
Values within parentheses are percentages or 95% confidence intervals.

Table 2(b). Samples (%) detected positive for virus in 2003–2004 (second season): 474 samples tested

in children aged <6 years

Virus (hospital arm)
aged <72 months

PCR
(n=469)

IF
(n=444)

Total
(n=474)

Virus-specific
rate/100 ILI cases
per person-year

Influenza-A 21 (4.5) 27 (6.1) 28 (5.9) 12.8 (8.5–18.5)
Influenza B 1 (0.2) 1 (0.2) 1 (0.2) 0.5 (0.0–2.5)
RSV 107 (22.8) 113 (25.5) 130 (27.0) 59.4 (49.6–70.5)

Parainfluenza 1 0 (0.0) 0 (0.0) 0 (0.0) 0.0 (0.0–2.5)
Parainfluenza 2 0 (0.0) 0 (0.0) 0 (0.0) 0.0 (0.0–2.5)
Parainfluenza 3 0 (0.0) 0 (0.0) 0 (0.0) 0.0 (0.0–2.5)
Parainfluenza (unspecified) 4 (0.9) 4 (0.9) 5 (1.1) 2.3 (0.7–5.3)

Enterovirus 0 (0.0) 5 (1.1) 5 (1.1) 2.3 (0.7–5.3)
Adenovirus 6 (1.3) 5 (1.1) 9 (1.9) 4.1 (1.9–7.8)

Total positive 137 (29.2) 156 (35.1) 178 (37.6) 81.4 (69.8–94.1)

PCR, Polymerase chain reaction; IF, immunofluorescence ; ILI. Influenza-like illness ; RSV, respiratory syncytial virus.
Values within parentheses are observed numbers, percentages or 95% confidence intervals.
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asthma. Table 7 shows the age-specific band influenza

and RSV rates/1000 per year for the borough popu-

lation and hospital population. Figure 2 shows the

periods of influenza and RSV circulation by week.

DISCUSSION

RSV and influenza infections are the two most com-

mon viral causes of ILI in childhood in the industrial

world but their exact contributions are unknown [25].

We prospectively studied infants and young children

presenting with respiratory illnesses and other influ-

enza-related presentations to the Royal London

Hospital paediatric A&E over two winter seasons.

The percentage of laboratory-confirmed influenza

in children enrolled into our study was 6% which is

similar to the 5.4% estimated for Leicestershire in the

2001–2002 season [9], suggesting low influenza trans-

mission over three consecutive seasons in the United

Kingdom. These findings are further supported by

Health Protection Agency influenza surveillance stat-

istics [26, 27].

Our influenza hospitalization rates, and laboratory-

confirmed influenza percentages were comparable to

those documented in the United States [1, 3, 28, 29],

Germany [30], France [8, 31], Italy [32] and South

Korea [33]. Noticeably, these were lower than those

documented in a number of other studies carried out

in Spain [7], the United States [34, 35], Japan [36] and

Hong Kong [37]. In contrast, our rates were higher

than some studies performed in the United States,

Finland and a study performed in the United

Kingdom in the late 1970s [2, 4, 38, 39]. Some of these

studies may have been carried out during different

intensities of influenza transmission when compared

to our study. Part of the discrepancy in rates may also

be explained by the different methodologies used in

some of these studies, as most of the large studies were

retrospective and/or ecological studies.

RSV hospitalization rates in infants were compar-

able to previous studies ; 21/1000 infants per year vs.

30–40/1000 infants per year in most studies in

Europe and the United States. But lower than that

documented in Japan and a US study in Alaskan

Native American Indians [1, 10–14, 40, 41]. Our RSV

rates were higher than the rates reported in retro-

spective studies performed in Germany and Sweden

[15, 16].

The age-specific pattern for hospitalization rates

was similarly reflected in the RSV A&E outpatient

incidence rates where the burden was also highest in

the <2 years age group and particularly exaggerated

Table 3. Age-specificinfluenza incidence rates

Age
band

Observed

no. of
cases

Estimated

no. of
cases

Total

no. of
cases

Adjusted

no. of
cases

Age

band
population

Person-
months

Incidence
rate
per 10 000

person-
months 95% CI

Incidence
rate
per 1000

person-
years

Influenza hospitalization incidence rates

0–5 mo. 10 5.98 15.98 13.43 1517.7 6.23 14.21 7.61–24.16 17.05
6–23 mo. 13 12.33 15.33 21.11 4553.1 6.23 7.44 4.61–11.38 8.93
2–3 yr 3 2.34 5.34 4.47 3035.4 6.23 2.36 0.68–5.82 2.83
3–4 yr 2 2.38 4.38 3.63 3035.4 6.23 1.92 0.45–5.19 2.31

4–5 yr 3 3.00 6.00 5.00 3035.4 6.23 2.64 0.83–6.22 3.17
5–6 yr 1 0.00 1.00 0.87 2712.0 6.23 0.51 0.00–3.26 0.61
<6 yr 32 25.64 57.64 48.19 17889.0 6.23 4.32 3.19–5.73 5.19

Influenza accident & emergency outpatient incidence rates

0–5 mo. 1 17.54 18.54 14.90 1517.7 6.23 15.76 8.77–26.10 18.91
6–23 mo. 8 118.71 126.71 101.89 4553.1 6.23 35.92 29.28–43.62 43.10
2–3 yr 7 132.71 139.71 112.22 3035.4 6.23 59.34 48.87–71.40 71.20

3–4 yr 4 73.82 77.82 62.51 3035.4 6.23 33.05 25.37–43.35 39.66
4–5 yr 6 71.32 77.32 62.25 3035.4 6.23 32.91 25.24–42.19 39.50
5–6 yr 0 0.00 0.00 0.00 2712.0 6.23 0.00 0.57–2.32 0.00

<6 yr 26 417.13 443.13 356.19 17889.0 6.23 31.96 28.72–35.46 38.35

CI, Confidence interval.
The influenza adjusted no. of cases : observed and estimated number of cases were multiplied by a factor of 0.865 and 0.80
respectively to reflect the number of cases residing in Tower Hamlets borough.
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in those aged <1 year, this is similar to findings in

other studies [1, 16, 42, 43]. Our study also documents

that influenza hospitalization rates were highest in the

<2 years age group and particularly exaggerated in

those aged <6 months. In contrast, the influenza

A&E outpatient rates were highest in those who were

aged 6–59 months and these patterns were similar to

those seen in other prospective studies.

Overall RSV and influenza infections in the <2

years age group accounted for almost 14% and 3% of

all hospitalizations and 7% and 2% of all A&E out-

patient visits, respectively, supporting the important

epidemiological burden of both infections on hospital

services.

Of note the overall influenza A&E rates were seven

times higher than the hospitalization rates [28, 31, 36]

and the age-specific A&E outpatient rates peaked in

the 2–3 years age group. It has been inferred that

pre-school centres play a role in the transmission of

influenza. However, in our study population the util-

ization of these centres was extremely low in the <3

years age group, most children making their first

contact with groups at the age of 3–4 years when they

first start nursery school. We cannot exclude an

element of bias as observed numbers were small and a

number of adjustments were made in calculating the

incidences but every effort was made to collect robust

data.

Interpretation of influenza incidence rates is

constrained by under-reporting and this is further in-

hibited by the impracticability of performing respir-

atory viral testing on all children presenting with an

ILI. Our study suffered to a lesser degree from this

problem because of its prospective design and our use

of diagnostic knowledge for all those seen in A&E.

The criteria for eligible children were based on the fact

that most of the specific diagnoses included are as-

sociated with influenza. Less common associations

such as febrile gastroenteritis were included to enhance

the robustness of the results. But the latter did not

affect the overall incidence estimates, as the influenza

proportion positivity was low in this diagnosis. The

recruited children were younger and more likely to

be admitted when compared to those unrecruited and

Table 4. Age-specific respiratory syncytial virus (RSV ) incidence rates

Age
band

Observed

no. of
cases

Estimated

no. of
cases

Total

no. of
cases

Adjusted

no. of
cases

Age band
population

Person-
months

Incidence
rate per
10 000

person-
months 95% CI

Incidence
rate
per 1000

person-
years

RSV hospitalization incidence rates

0–5 mo. 75 29.47 104.47 84.70 1517.7 11.77 47.44 37.87–58.70 56.92
6–11 mo. 32 19.53 51.53 41.71 1517.7 11.77 23.36 16.81–31.63 28.03
<1 yr 107 50.52 157.52 127.62 3035.4 11.77 35.72 29.80–42.50 42.7
1–2 yr 28 31.62 59.52 48.12 3035.4 11.77 13.47 9.93–17.86 16.16

2–3 yr 11 15.89 26.89 21.68 3035.4 11.77 6.07 3.78–9.23 7.28
3–4 yr 7 18.95 25.95 20.87 3035.4 11.77 5.84 3.60–8.95 7.01
4–5 yr 1 1.47 2.47 1.99 3035.4 11.77 0.56 0.05–2.06 0.67

5–6 yr 0 0.00 0.00 0.00 2712.0 11.77 0.00 0.00–1.23 0.00
<6 yr 54 125.42 279.42 225.85 17889.0 11.77 10.73 9.37–12.22 12.87

RSV accident & emergency outpatient incidence rates

0–5 mo. 22 186.02 2087.02 166.75 1517.7 11.77 93.38 79.75–108.70 112.06

6–11 mo. 14 184.44 198.44 158.96 1517.7 11.77 89.02 75.72–104.00 106.83
<1 yr 36 376.26 412.26 330.35 3035.4 11.77 92.47 82.77–103.01 110.96
1–2 yr 17 159.92 176.92 141.79 3035.4 11.77 39.69 33.43–46.80 47.63

2–3 yr 7 131.53 138.53 110.93 3035.4 11.77 31.05 25.54–37.40 37.26
3–4 yr 4 46.39 50.39 40.37 3035.4 11.77 11.30 8.08–15.38 13.56
4–5 yr 4 37.67 41.67 33.40 3035.4 11.77 9.35 6.45–13.12 11.22
5–6 yr 1 7.00 8.00 6.42 2712.0 11.77 2.01 (0.76–4.30) 2.41

<6 yr 69 774.43 843.43 675.78 17889.0 11.77 32.10 (29.72–34.61) 38.52

CI, Confidence interval.
The RSV adjusted no. of cases : observed and estimated number of cases were multiplied by a factor of 0.815 and 0.80
respectively to reflect the number of cases residing in Tower Hamlets borough.
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Table 5. Age-specific influenza incidence rates in children aged 2–5 years with asthma

Age
band

Observed

no. of
cases

Estimated

no. of
cases

Total

no. of
cases

Adjusted

no. of
cases

Asthma

age band
population

Person-
months

Incidence
rate per
10 000

person-
months 95% CI

Incidence
rate per
1000

person-
years

Influenza hospitalization incidence rates

2–3 yr 0 0.00 0.00 0.00 273.2 6.23 0.00 0.00–23.03 0.00
3–4 yr 0 0.00 0.00 0.00 273.2 6.23 0.00 0.00–23.03 0.00
4–5 yr 1 2.00 3.00 2.47 273.2 6.23 14.48 2.05–47.43 17.38
5–6 yr 0 0.00 0.00 0.00 244.1 6.23 0.00 0.00–25.78 0.00

<6 yr 1 2.00 3.00 2.47 1063.6 6.23 3.72 0.53–12.18 4.46

Influenza accident & emergency outpatient incidence rates

2–3 yr 0 0.00 0.00 0.00 273.2 6.23 0.00 0.00–23.03 0.00
3–4 yr 0 0.00 0.00 0.00 273.2 6.23 0.00 0.00–23.03 0.00

4–5 yr 0 0.00 0.00 0.00 273.2 6.23 0.00 0.00–23.03 0.00
5–6 yr 1 3.47 4.25 3.47 244.1 6.23 22.78 5.11–62.91 27.34
<6 yr 1 3.47 4.25 3.47 1063.6 6.23 6.27 1.17–14.44 6.27

CI, Confidence interval.

The influenza adjusted no. of cases : observed and estimated number of cases were multiplied by a factor of 0.865 and 0.80
respectively to reflect the number of cases residing in Tower Hamlets borough.
The asthma age-band population was based on a prevalence of asthma of 9% in children aged 2–5 years in the United

Kingdom.
The definition of a child with asthma for the purpose of the study was a child diagnosed with asthma during the study or a
child known to have asthma.

Table 6. Age-specific respiratory syncytial virus (RSV ) incidence rates in children aged 2–5 years with asthma

Age
band

Observed
no. of
cases

Estimated
no. of
cases

Total
no. of
cases

Adjusted
no. of
cases

Asthma
age band
population

Person-
months

Incidence
rate per

10 000
person-
months 95% CI

Incidence
rate per

1000
person-
years

RSV hospitalization incidence rates

2–3 yr 0 0.00 0.00 0.00 273.2 11.77 0.00 0.00–12.19 0.00
3–4 yr 1 2.50 2.82 2.82 273.2 11.77 8.76 1.51–26.76 10.51
4–5 yr 1 2.00 2.42 2.42 273.2 11.77 7.51 1.02–24.87 9.01

5–6 yr 0 0.00 0.00 0.00 244.1 11.77 0.00 0.00–13.65 0.00
<6 yr 3 8.00 6.45 6.45 1063.6 11.77 5.15 1.94–10.99 6.18

RSV accident and emergency outpatient incidence rates

2–3 yr 0 0.00 0.00 0.00 273.2 11.77 0.00 0.00–12.19 0.00

3–4 yr 0 0.00 0.00 0.00 273.2 11.77 0.00 0.00–12.19 0.00
4–5 yr 1 1.82 2.82 2.27 273.2 11.77 7.06 0.86–24.18 8.47
5–6 yr 0 0.00 0.00 0.00 244.1 11.77 0.00 0.00–13.65 0.00

<6 yr 4 6.32 10.32 8.31 1063.6 11.77 6.64 2.89–12.99 7.97

CI, Confidence interval.
The RSV adjusted no. of cases : observed and estimated number of cases were multiplied by a factor of 0.815 and 0.80
respectively to reflect the number of cases residing in Tower Hamlets borough.
The asthma age-band population was based on a prevalence of asthma of 9% in children aged 2–5 years in the United

Kingdom.
The definition of a child with asthma for the purpose of the study was a child diagnosed with asthma during the study or a
child known to have asthma.
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therefore the study was open to selection bias in fa-

vour of selecting more severe patients because only

those admitted to hospital ‘after hours’ were included.

Adjustments have been made in the analyses to

correct for these biases but an element of bias may

remain resulting in an underestimate of the true rate

of the diseases as both infections are known to be

largely community-based infections.
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Fig. 2. Weekly influenza-like illnesses (ILI) and specific viruses in 2002–2003 and 2003–2004 winter seasons. %, Weekly

number of influenza-like cases ; –&–, weekly (%) of respiratory syncytial virus cases ; –m–, weekly (%) of influenza cases
recruited.

Table 7. Burden of influenza A and respiratory syncytial virus (RSV ) childhood infections

Category

Adjusted
no. of
cases

Borough
population

No. per
1000
population

Hospital
admissions/A&E
attendances

No. per 1000
hospital/A&E
cases per year

Influenza admissions
<6 months 13.4 1517.7 4.4 515 26.1
6–23 months 21.1 4553.1 2.3 711 29.7

24–71 months 13.7 11818.2 0.6 667 20.5
<72 months 48.2 17889.0 1.3 1893 25.5

Influenza A&E outpatients
<6 months 14.9 1517.7 4.9 2034 7.3
6–23 months 101.9 4553.1 11.2 4858 21.0

24–71 months 239.4 11818.2 10.1 5781 41.4
<72 months 356.2 17889.0 10.0 12673 28.1

RSV admissions
<12 months 127.6 3035.4 21.0 790 161.5

<24 months 175.7 6070.8 14.5 1226 143.3
<72 months 225.9 17889.0 6.3 1893 119.3

RSV A&E outpatients
<12 months 330.4 3035.4 54.4 3989 82.8

<24 months 472.1 6070.8 38.9 6992 67.5
<72 months 675.8 17889.0 18.9 12673 53.3

A&E, Accident and Emergency department.
The no. of influenza and RSV cases per 1000 population is per year (i.e. is divided by a factor of 2).

The <2-year-old influenza hospitalization rate per 1000 is 2.8/1000.
The <2-year-old influenza A&E outpatient rate per 1000 is 9.6/1000.
The number of hospital admissions and A&E attendances are over the winter season (i.e. the study periods).
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It has been suggested that ethnicity may play a

role in the epidemiology of both influenza and RSV

infections. Asian (Bangladeshi) was the most pre-

dominant ethnic group in our recruited study popu-

lation and the highest laboratory-confirmed influenza

hospitalization infection proportions were docu-

mented in those of Black ethnicity. This was 9.5 and

1.5 times higher than the White and Asian groups,

respectively. A study in the United States showed that

the influenza hospitalization proportions were higher

in Blacks and Hispanics when compared to Whites

[28]. Adjustments were not made for ethnicity but our

recruited population was a reflection of the Tower

Hamlets borough childhood population. Notwith-

standing there may be some limitation for general-

izability when applied across the United Kingdom,

particularly as regards influenza hospitalization rates.

One strength of the study was that it was conducted

over two seasons. We note the difference in both the

length of the study periods and time of commence-

ment and as a result there may have been some limi-

tation in interpretation of the data. We believe this

is minimal as time-frames and commencement of the

influenza seasons in both study periods are compar-

able with the national UK data. A caveat was that

entry onto the eligible non-recruits’ database was

based on the attending clinician’s clinical diagnosis, as

the research team in the hospital performed no inde-

pendent evaluation for accuracy and consistency of

diagnosis. Analyses for discharge diagnosis of those

admitted were based on the final diagnosis.

The current recommendation for paediatric influ-

enza immunization in the United Kingdom is to tar-

get clinical risk groups in those aged o6 months.

These risk groups comprise children with asthma and

other chronic respiratory conditions, haemoglobino-

pathies, the immunosuppressed, children with chronic

cardiac, renal and liver disease, and those with dia-

betes.

In our study 10% of all the children had underlying

high-risk conditions of which almost half had asthma.

It is to be noted that influenza and RSV incidence

rates in children with asthma were extremely low in

our study in contrast to healthy children and similar

findings have been seen in other studies conducted

in the United Kingdom [44]. Therefore it can be as-

sumed that our rates are well-matched with those

for healthy children. It is not clear why our findings

differ from those seen in the United States.

Controversy exists as to whether influenza infec-

tions trigger asthma exacerbations in children and a

number of studies in the United States have supported

the role of influenza in causing substantial burden in

these children [1, 2, 45, 46]. Christy et al. and Bueving

et al. in the United States and The Netherlands re-

spectively demonstrated that influenza vaccination

did not reduce the incidence of asthma exacerbations

[47, 48]. These latter findings are supported by a

Cochrane review on the benefits of influenza vacci-

nation in asthmatics [49]. Unfortunately there was

no background data collected to analyse the overall

influenza incidence rates in those with other high-risk

conditions in our study.

The United States based the expansion of the in-

fluenza vaccination programme to cover children

aged 6–23 months on evidence that showed that

they had influenza hospitalization and outpatient in-

cidence rates similar to those children with high-risk

conditions. More recently this has been further ex-

panded to include all children aged <5 years. This

is the first comprehensive prospective study in the

United Kingdom on the hospital burden of influenza

and RSV in childhood, which clearly details the rates

of both viruses in the population during two low-

intensity transmission seasons. Further studies are

required to document these rates in the community

and during varying degrees of intensity using the same

methodology.

Expanding the current vaccination programme

to include healthy children aged <23 months should

be considered as hospitalization rates are highest in

those aged <2 years. Furthermore, we recommend

that all children aged <2 years be immunized against

RSV when the ideal vaccine arrives on the market as

RSV creates an important burden in the hospital.
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