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Epidemiology of community-acquired pneumonia
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SUMMARY

There is little UK data on hospital admission rates for childhood pneumonia, lobar pneumonia,
severity or risk factors. From 13 hospitals serving the catchment population, demographic and
clinical details were prospectively collected between 2001 and 2002 for children aged 0—15 years,
seen by a paediatrician with community-acquired pneumonia (CAP) and consistent chest X-ray
changes. From 750 children assessed in hospital, incidence of CAP was 14-4 (95% CI 13:4-15-4)/
10000 children per year and 33-8 (95% CI 31:1-36-7) for <5-year-olds; with an incidence for
admission to hospital of 12-2 (95% CI 11-3-13-2) and 287 (95% CI 26-2-31-4) respectively.
Where ascertainment was confirmed, incidence of CAP assessed in hospital was 16-1 (95% CI
14-9—-17-3) and 41:0 (95 % CI 37-7-44-5) in the 0—4 years age group, whilst incidence for hospital
admission was 13-5 (95% CI 12:4-14-6) and 32 (95% CI 29-1-35-1) respectively. In the <5 years
age group incidence of lobar pneumonia was 5-6 (95 % CI 4-5-6-8)/10000 per year and severe
disease 19-4 (95% CI 17-4-21-7)/10000 per year. Risk of severe CAP was significantly increased
for those aged <5 years (OR 1:50, 95% CI 1-07-2-11) and with prematurity, OR 4-02 (95% CI
1-16—13-85). It also varied significantly by county of residence. This is a unique insight into the
burden of hospital assessments and admissions caused by childhood pneumonia in the United
Kingdom and will help inform future preventative strategies.

INTRODUCTION in UK children today. There is no reliable data on
incidence from the United Kingdom, little from
developed countries, with most data over 20 years
old [1-5].

The availability of an effective conjugate pneumo-
coccal vaccine [6] and its very recent introduction into
the UK primary immunization schedule, makes
it essential to establish the current incidence of child-

hood pneumonia, lobar pneumonia and severe

Community-acquired pneumonia (CAP) in children
remains an important reason for hospital admission.
Severity ranges from a very mild illness to systemic
disease requiring ventilation, and death. It is surpris-
ing how little is known of the epidemiology of CAP
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pneumonia in Britain. Although in an individual child
chest radiograph (CXR) changes do not reliably cor-
relate with a viral or bacterial aetiology, lobar
pneumonia is more frequently bacterial [7] and could
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be used as a diagnostic indicator for bacterial
infection within populations for which vaccination
may provide an effective preventative strategy. Such
data will provide a baseline against which, in the ab-
sence of a controlled trial, vaccine effectiveness could
be measured. This would also inform health outcome
studies to determine the cost effectiveness of universal
vaccination.

PATIENTS AND METHODS

We conducted a prospective survey of paediatric
pneumonia in children aged 0-15 years seen by a
paediatrician in 13 hospitals in the North East of
England (excluding Cumbria), between 1 August 2001
and 31 July 2002.

Previously the area involved was part of a single
health administrative region (the Northern Regional
Health Authority) and hence this is a well-defined
region with established health service links and a
stable population (0-16 years: 522158) which is
served only by these hospitals.

In the United Kingdom most children are initially
seen by a General Practitioner or A&E staff and then,
if further assessment required, referred to a hospital
paediatrician.

Children were included if seen urgently by a
paediatrican, but not necessarily admitted, with
history, signs or symptoms indicative of lower respir-
atory tract infection and a CXR consistent with
infection, as determined by the local paediatrician.
Symptoms and signs included any of fever, tachy-
pnoea, dyspnoea, cough and respiratory distress and
were prospectively recorded on a standard form. Also
recorded were date of birth, postcode, parental occu-
pation, parental smoking, gestational age, clinical
history, investigations performed. Treatment includ-
ing oxygen and antibiotics as well as intensive care,
length of stay, complications and organisms isolated
were then recorded after discharge.

Radiological findings were confirmed by the local
radiologist and children were excluded if this CXR
was deemed normal. Where reports differed between
the paediatrician and radiologist the films were
reviewed by a paediatric radiologist (blinded to the
clinical picture) and their report taken as final.
Children were excluded if there was a clinical diag-
nosis of bronchiolitis, if they had been admitted to
hospital for any reason in the preceding 3 weeks, or if
their main place of residence was not in the study
area.
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Case ascertainment audit was performed in six of
the 13 hospitals. Three were involved in a concurrent
study for aetiology and a research nurse checked and
registered all patients. Three further sites were visited
by the research nurse, ward books were searched and
coding data obtained, then cross checked with CXR
results. All patients identified through this process
were compared to those originally notified, duplicates
were removed.

CXR changes were categorized into one of three
broad groups—Ilobar, patchy consolidation, and
perihilar infiltrates using the radiologists’ reports.
These categories are very similar to the recently de-
veloped WHO criteria [8].

Severity criteria were derived from severity defi-
nitions within the management guidelines from the
British Thoracic Society [9]. Any of the following led
to a classification of ‘Severe’: tachypnoea (RR>70
for infants <1 year old, RR >50 for children >1 year
old); dyspnoea; oxygen saturation <93%; oxygen
given; nasogastric feeds; intravenous fluid infusion;
septicaemia; empyema; high dependency or intensive
care. ‘Mild’ included immediate home discharge or
hospital stay of <3 days and no oxygen, no intra-
venous or nasogastric feeds, or ‘Moderate’ (neither
category).

Social class was derived from fathers’ occupation.
Admission decisions and care were entirely by local
paediatricians according to local practice or protocol.
Data was entered onto a central database and anon-
ymized. North Tyneside Ethical Committee and
North and Yorkshire MREC chairpersons reviewed
the protocol; no formal committee approval was re-
quired.

Statistical methods

Incidence rates of CAP were determined by gender,
age and county of residence. Population estimates
were obtained from the 1991 census [10]. Risk factors
for severe CAP (compared to mild/moderate CAP)
were investigated using logistic regression. The stat-
istical package stata 8.0 (StataCorp., College Sta-
tion, TX, USA) was used for the analysis.

RESULTS

A total of 792 children were identified, 81 were re-
moved at review (six duplicates, 72 with normal
CXRs and three outside the age range), leaving 711
eligible cases. Of these, 636 were admitted, 65 sent
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home with antibiotics and 10 sent home without
antibiotics. There were no deaths.

The number notified by each hospital is illustrated
in the Figure. An audit in six hospitals found three
hospitals had complete notification, but three had
missed around half of the children admitted. The
five other hospitals notified the number expected
for their catchment area and their numbers were
accepted. The 39 further cases thus identified were
added to the dataset making 750 in total. Only
age, gender and postcode were available for these
cases, these were thus not included in the analysis of
disease severity.

To further check completeness of ascertainment, we
obtained Department of Health (England) Hospital
Episode Statistics (HES) for 2001/2002, covering
all-cause hospital admissions (1655961 in total) for
children aged 0-15 years. This information was
used in conjunction with the number of admissions
for pneumonia-related diagnoses (12412) to estimate
the proportion of pneumonia-related admissions
(0:75%). The total number of admissions for the
study area (94546) was estimated from admission
numbers for each of 16 Primary Care Trusts (admin-
istrative and funding bodies for health) in the study
area, and using the proportion of pneumonia-related
admissions previously calculated we estimated that
based on HES data, there would be 709 admissions
during the study time period for CAP in children aged
0—-15 years.

The overall observed incidence rate of children
acutely seen in hospital with CAP aged <16 years in
the Northern Region (excluding Cumbria) was 14-4
(95% CI 13:4-15-4)/10000 children per year and for
< S-year-olds, 33-8 (95% CI 31-1-36-7). Incidence for
hospital admission was 122 (95% CI 11-3-13-2) and
287 (95% CI 26:2-31-4) respectively. The incidence
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rate was highest for males and those aged 0—4 years
(Table 1).

Using only those centres where ascertainment was
confirmed, the estimated overall incidence was 16-1
(95% CI 14-9-17-3)/10000 children per year and 41-0
(95% CI 37-7-44-5)/10 000 in the 0—4 years age group
and incidence for admission to hospital was 13-5
(95% CI 12:4-14:6) and 320 (95% CI 29-1-351)
respectively.

Incidence rates by age and gender for mild, mod-
erate and severe forms of CAP are shown in Table 2.
Males have higher rates of CAP than females in both
age groups and for severe and moderate pneumonia.
Rates of CAP for both genders were six times higher
in the 0—4 years age group than the 5-15 years age
group.

The incidence rates of CAP by CXR characteristic,
age and gender, are shown in Table 3. Patchy changes
were the most common CXR finding in both age
groups comprising approximately half of all CXR
patterns. Lobar pneumonia comprised one-sixth of all
pneumonia seen in the 0—4 years age group. Perihilar
changes were most uncommon in those older than
4 years.

Logistic regression was used to identify the
characteristics of children with severe disease, com-
pared to those with less severe disease; the results are
shown in Table 4.

Children aged <5 years were significantly more
likely to have severe disease than older children. Boys
were more likely to have severe disease than girls, but
not significantly so. Those with pneumonia in
Cleveland were significantly less likely to have severe
pneumonia than children in Tyne and Wear. Those
born at 24-28 weeks gestation were significantly more
likely to have severe disease than those with pneu-
monia born at >37 weeks. Children presenting with
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Table 1. Incidence rates per 10000 per year of hospital assessments for CAP

Overall 0-15 yr Age 04 yr Age 5-15yr

Variable IR 95% CI IR 95% CI IR 95% CI
Gender

Female 127 11-4-14-2 29-8 26-1-33-7 4-6 3-6-57

Male 159 14-5-17-5 377 33-7-42-1 5:6 4-6-6-8
County

Tyne and Wear 12-1 10-7-13-6 27-5 23-8-31-6 4-7 3:6-59

Cleveland 159 13-8-183 41-5 35-4-48-3 37 2-5-53

Durham 9-5 7-8-11-4 187 14-6-23-6 5-3 3-8-7-1

Northumberland 17-0 13-9-20-7 419 33-1-52-5 62 4-1-9-1

IR, Incidence rate; CI, confidence interval.

Table 2. Incidence rates per 10000 per year of CAP (mild, moderate and severe) by age and gender

Overall 015 yr Age 04 yr Age 5-15yr
Severity
and gender IR 95% CI IR 95% CI IR 95% CI
Female 12:0 10-7-13-5 279 24-4-31-8 4-6 3:6-57
Severe 68 5-8-79 167 14-0-19-7 22 1-6-3-0
Moderate 22 1-7-2-9 43 3-:0-60 1-3 0-8-1-9
Mild 30 2:3-3-7 7-0 5:3-9-0 10 0-7-1-7
Male 151 13-7-16-7 352 31-4-39-5 56 4-6-6-8
Severe 9:1 8:0-10-4 22-1 19-0-25-4 33 2:3-3-9
Moderate 30 2:3-3-7 63 4-7-8-2 14 1-0-2-2
Mild 30 2:3-3-7 69 5-2-89 09 0-7-1-7
Total 13-6 12:6-14-7 317 29-0-34-5 51 4-4-5-9
Severe 80 7-3-8-8 19-4 17-4-21-7 2-8 2:1-3-2
Moderate 2-6 2:2-3-1 5-3 4-3-6'5 1-3 1-0-1-8
Mild 30 2:5-3-5 69 5-7-8:3 10 0-8-1-5

IR, Incidence rate; CI, confidence interval.

Table 3. Incidence rates per 10000 per year of CAP ( patchy, lobar and perihilar) by age and gender

Overall 0-15 yr Age 04 yr Age 5-15yr
Type of CAP
and gender IR 95% CI IR 95% CI IR 95% CI
Female
Patchy 69 6-:0-8-0 160 13-4-19-0 2-7 1-9-3-5
Lobar 2-4 1-9-3-1 59 4-3-7-8 0-8 0-4-1-4
Perihilar 2-0 1-5-2-7 56 4-1-7-5 0-3 0-1-0-8
Male
Patchy 87 7-6-9-9 21-3 18-3-24-6 2-8 2-1-3-7
Lobar 2-3 1-8-3-0 53 3-8-7-0 09 0-5-1-5
Perihilar 33 2-6-4-1 88 6:9-11-0 0-7 0-4-1-2
Total
Patchy 7-9 7-1-8-7 18-7 16:7-20-9 2-7 2:2-3-3
Lobar 2-4 2:0-2-8 5-6 4-5-6-8 09 0-6-1-2
Perihilar 2-7 2:3-3:2 72 6:0-8-6 0-5 0-3-0-8

IR, Incidence rate; CI, confidence interval.
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Table 4. Univariate risk factors of severe versus mild/moderate CAP

Wald LR test
Variable No. OR 95% CI P value P value
Age 0-02
0-4yr 530 1-50 1-:07-2-11 0-02
5-15yr 181 1-00 — —
Gender 0-32
Female 307 1-00 — —
Male 404 1-17 0-86-1-58 0-32
County 0-007
Tyne and Wear 266 1-00 — —
Cleveland 186 0-52 0-36-0-76 0-001
Durham 110 0-87 0-55-1-37 0-54
Northumberland 102 0-90 0-56-1-44 0-65
Social class 0-27
1and 2 117 1-00 — —
3m, 3n,4 and 5 222 1-30 0-81-2:06 0-27
Townsend score 663 0-99 0-95-1-04 0-71
Gestation 0-009
24-28 weeks 20 4-02 1-16-13-85 0-03
29-32 weeks 22 1-89 0-73-4-90 0-19
33-36 weeks 46 0-60 0-33-1-09 0-09
>37 weeks 622 1-00 — —
Parental smoking 0-62
No 501 1-00 — —
Yes 209 1-09 0-78-1-51 0-62

OR, Odds ratio; CI, confidence interval.

pneumonia had a trend to more severe disease if they
were from less advantaged socio-economic groups.

Multivariate analysis suggests that the associations
between severity of CAP and gestational age and
county were not accounted for by socio-economic
factors.

No increase in numbers of pathogens associated
with epidemics or outbreaks were noted (Table 5).

DISCUSSION

This is the largest prospective study of incidence of
children seen in hospital with pneumonia and the first
from the United Kingdom.

Our annual incidence rates for hospital admission
at 13-5/10000 for all ages and 32/10 000 for those aged
<5 years are 1-4 times higher than reported from
previous HES data in the South of England [11]. HES
data may be less reliable due to incomplete or con-
founded coding data and radiology findings and
severity cannot be evaluated. However incidence is
generally lower than other previous studies evaluating
hospital admissions due to CAP from Germany [12],
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Table 5. Numbers of pathogens identified

Pathogen No.
S. pneumoniae 52
Mycoplasma 27
Group A Streptococcus 23
S. aureus 9
HIB 4
Pertussis 2
RSV 46
Influenza A and B 16
Parainfluenza 11
Adenovirus 16

HIB, Haemophilus influenzae type B; RSV, respiratory
syncytial virus.

Finland [3], Australia [13], the United States [14] and
of European children in New Zealand [15] (Table 6).
Previous community rates, capturing all cases of
CAP, are obviously higher (Table 6), although these,
with the exception of the Finnish study [4] and US
vaccine study [6] are rarely radiologically confirmed.
Interestingly, more recent community estimates are
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Table 6. Incidence of CAP from previous studies

Incidence per 10 000

Population
First-named author  Study years size Cases 0-1yr 0-5yr All children Country
Clark [this study] P 2000-2002  Hospital 500000 750 287 (32) 122 (13-5) UK
Weigl [12] P 1996-2000  Hospital Municipal Keil 514 30 Germany
Djuretic [11] R 1994-1995  Hospital 251 22-5 UK
Henrickson [14] R 1996-1998  Hospital Milwaukee county 1285 113 655 (estimate 16:6 (estimate USA
for US pop.) for US pop.
5-18 yr)
Grant [15] R 1993-1996  Hospital 136263 2042 176 109 49 NZ
97953 (European only) 268 83 59 27
Korppi [3] P 1981-1982  Hospital 45122 195 200 (0-2 yr) 40 (<15yr) Finland
Wright [5] P 1980-1984  Hospital 961 4 34 n.a. n.a. USA
Community 961 28 291
Foy [2] P 1966—-1971  Hospital 9154-13434 1485 70 (6—11 months) 9 (4-5yr) n.a. USA
Community 499 (6-11 months) 241 (4-5yr)
Maclntyre [13] R 2000 Hospital 2020 56 42 (person years) 76 (person years) Australia
5-14 yr)
Community 2020 137 31
Weigl [16] R 1999-2001  Community 30000 1710 (average) 181 150 Germany
Black [6] P 1995-1999  Community 17379 375 105 person years 159 Asian USA
(X-ray positive) 82 White
(person years)
Jokinen [4] P 1981-1982  Community 8851 201 360 162 (5-14 yr) Finland
McConnochie [17] R 1971-1975  Community 1965 61 168 USA
Foy [18] P 1963-1975  Community 64—180 000 15141 340 160 (5-9 yr) USA
Murphy [1] P 1964-1975  Community 6500 1483 (11 yr) ~300 400 110 (9-12 yr) USA

P, Prospective, R, retrospective; n.a., not applicable.
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lower at 150/10000 per year in the <6 years age
group [6, 16].

Differences in these rates may be explained by
several factors. Hospital admission patterns may have
changed over the last 20 years, with fewer children
being admitted. However, community rates also ap-
pear to have declined suggesting that changes in
admission policies are not the only reason for the
current lower rates. Hospital data depends on local
referral and admitting patterns which will vary even
within countries [4] as well as between them. There is
likely to be differences in the underlying rate between
countries and ethnic groups as described in New
Zealand, where the average annual incidence was 140/
10000 for Pacific Island children, 67/10 000 for Maori
children but only 27/10000 for children of European
descent [15]. Annual incidence can also be affected by
epidemics and local outbreaks, but no evidence to
support any unexpected increase in particular patho-
gens such as Mycoplasma or influenza was noted over
the study period.

We found substantial variation in incidence across
counties. While some variation may be due to in-
complete ascertainment, other factors such as differ-
ences in ethnic groups, primary care, hospital-seeking
behaviour and hospital admissions procedures can
produce regional variation in hospital presentation.
Hospital data depends on local referral and admitting
patterns which will vary even within countries [4] and
between ethnic groups [15]. The differences we ob-
served remained after socio-economic factors were
considered.

Perihilar CXR changes are seen in the <5 years age
group more frequently than in older children. Lobar
pneumonia is only seen in 5-6/10000 per year of
<5-year-olds, less than the 10/10000 per year ident-
ified by HES data [11] and in 0-9/10 000 per year in the
5-15 years age group.

Risk factors previously associated with any CAP
include being a boy and a history of attending child
care, passive smoking, overcrowding [19, 20], wheez-
ing, previous acute respiratory tract infections and
acute otitis media [21], diminished airway function
[22], asthma, bronchitis and chronic illness [13],
deprivation [23, 24] and malnutrition [25]. Household
smoking has a recognized impact on children’s
respiratory infections [26].

Risk factors for severe pneumonia have not been
explored, although deprivation has been associated
with severe bronchiolitis [27]. We found that a history
of significant prematurity (possibly reflecting chronic
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lung disease) indicated a greater risk of severe
disease, as did being of a young age (<5 years). There
was also a trend for severe disease to be associated
with being male and from a lower socio-economic
class. Parental smoking did not have a definable
impact in our figures, although recording may have
been unreliable.

Younger children have higher rates of pneumonia
in all surveys including ours and are also more likely
to be hospitalized [4]. This may be because they are
more likely to have severe disease, as we have shown,
but there may also be different admission criteria for
young children compared with older children.

There were significantly proportionately fewer
severe cases admitted in Cleveland than elsewhere.
There is no obvious explanation for this as this was an
area where ascertainment was high and it is not an
especially affluent county. It cannot be explained by
the inclusion of nasogastric and intravenous fluids
within the severity criteria as no one was classified as
severe only on the basis of either of these. There was
always at least one other factor which would have de-
noted them as severe. It may reflect a local population
seeking hospital-based rather than primary-care
emergency care (hence earlier hospital presentation),
primary-care referral practices or hospital admission
policies.

This dataset gives a unique insight into the burden
of paediatric assessments and hospital admissions
caused by childhood pneumonia in the United
Kingdom. Rates are lower than described 20 years
ago in Finland but consistent with US rates in the
1990s [14] before the introduction of the conjugate
pneumococcal which decreased radio-
logically proven pneumonia by 32% in the first year
of life [6]. There is a definite association of disease
severity with young age and being born prematurely
and variation exists in rates of severe CAP with gen-
der and socio-economic factors. We have suggested
that admission rates and severity may depend on local
factors. These are important health economic factors
and should be taken into account when considering
future preventative strategies for childhood pneu-
monia.
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