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Invasive pneumococcal disease in England and Wales:
what is the true burden and what is the potential for
prevention using 7 valent pneumococcal conjugate
vaccine?
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Background: The annual reported incidence rates for laboratory confirmed invasive pneumococcal
disease (IPD) underestimate the true burden of invasive disease attributable to pneumococcal infection.
Aims: To estimate the proportion of “unspecified” mortality of infectious cause in infants and young
children aged 1 month to 4 years reported by the Office for National Statistics (ONS) in England and
Wales that could reasonably be attributed to IPD, thereby revising the total number of deaths per year
potentially attributable to IPD, and producing a more accurate figure for the number of deaths that may
be prevented by a programme of pneumococcal conjugate vaccination.
Methods: Polymerase chain reaction, latex agglutination, and other alternate methodologies to micro-
biological culture have been applied in various studies to the detection of Streptococcus pneumoniae.
Some of these tests have been shown to be more sensitive indicators of pneumococcal infection. In our
analysis the implications of these tests were applied theoretically to the “unspecified” clinical deaths
caused by septicaemia, meningitis, and pneumonia reported by the ONS, with a 20%
correction/reduction factor for nasopharyngeal carriage which these sensitive tests may coincidentally
detect.
Results: The ONS reported an average of 13 deaths per year (1989–99) in infants and children aged
1 month to 4 years caused by pneumococcal septicaemia, meningitis, or pneumonia. By applying the
rates for the more sensitive tests to the most recent ONS “unspecified” mortality data available (1999),
the actual annual number of deaths caused by IPD in the age group 1 month to 4 years is shown to be
at least as high as 43.
Conclusions: The mortality as a result of IPD in infants and young children may be at least three times
the reported rate. The 7 valent pneumococcal conjugate vaccine may have the potential to prevent up
to 26 (61%) of the IPD deaths per year in infants and young children in England and Wales alone.

The annual reported incidence rates for laboratory con-
firmed invasive pneumococcal disease (IPD) in infants
and young children underestimate the true burden of

invasive disease attributable to pneumococcal infection in
England and Wales. On average there were 12 laboratory con-
firmed deaths reported per year (1996–98) in infants and
children 2 months to 4 years of age.1 This under reporting may
be a result of several factors including prior antibiotic usage,
blood, and CSF samples not being collected, and insensitivity
of microbiological methods.

In contrast to laboratory reporting, the Office for National
Statistics (ONS) collects clinical mortality reports for IPD
from doctors which are published in tables according to the
ICD-9 code.2 Alongside this mortality as a result of IPD, the
ONS publishes data on deaths as a result of “unspecified” sep-
ticaemia, meningitis, and pneumonia. Had more sensitive
diagnostic tests been used in these latter groups, a percentage
could, in all likelihood, be attributed definitely to pneumococ-
cal infection.

A 7 valent pneumococcal conjugate vaccine covering
serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F is licensed for use in
European infants and children aged between 2 months and 2
years. Mortality as a result of pneumococcal septicaemia,
meningitis, and pneumonia, the major clinical IPD syn-
dromes, could be reduced with a programme of pneumococcal
conjugate vaccination.3 A proportion of “unspecified” septi-
caemia, meningitis, and pneumonia will also be reduced by
such a programme. For an under reported disease such as IPD,

only the successful implementation of the vaccination

programme will reveal, in retrospect, a realistic measure of

disease burden prevented.

The aims of this study were to estimate the proportion of

“unspecified” mortality in infants and young children 1

month to 4 years of age in England and Wales that could rea-

sonably be attributed to IPD, thereby revising the total number

of deaths per year potentially attributable to IPD, and to pro-

duce a more accurate figure for the number of deaths that may

be prevented by a programme of pneumococcal conjugate

vaccination.

METHODS
A number of studies in paediatric populations have ascer-

tained the sensitivity and specificity of the polymerase chain

reaction (PCR) of conserved regions, latex agglutination,

pneumolysin immune complexes, pneumolysin antibodies, C

polysaccharide antibodies, and combinations of the above for

the detection of Streptococcus pneumoniae in the following con-

ditions:

• Pneumococcal septicaemia4–6
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• Pneumococcal meningitis7

• Pneumococcal pneumonia.5 8

In only one of these studies did pneumolysin immune com-

plexes contribute towards the diagnosis in a small number of

cases,5 PCR being the mainstay in all six studies. The authors

of these studies applied these tests to subjects with culture

negative unspecified septicaemia, meningitis, or pneumonia,

thereby estimating the proportion which may be a result of

pneumococcal infection (table 1):

• 16%,4 31%,5 and 35%6 for septicaemia

• 45%7 for meningitis

• 36%5 and 38%8 for pneumonia.

In our analysis, in order to be conservative, the lower rates

(16% and 36% respectively) were applied to the “unspecified”

deaths caused by septicaemia (ICD-9 code 038.9) and

pneumonia (ICD-9 codes 485, 486), and the 45% rate was

applied to the “unspecified” deaths caused by meningitis

(ICD-9 codes 320.9, 322.9), in infants and children aged 1

month to 4 years as reported by the ONS.2 This rate was

derived from a study in India, so may not be applicable in the

UK.7 The pneumonia rate is consistent with the 33% rate

found for abnormal chest radiograph in the “vaccine probe”

Northern California Kaiser Permanente efficacy trial of the 7

valent pneumococcal conjugate vaccine (PCV).9 Studies have

shown a PCR positivity rate for well children of 16–17%,6 8

probably caused by nasopharyngeal carriage of Streptococcus
pneumoniae. Because coincidental nasopharyngeal pneumo-

coccal carriage may be detected by the tests in subjects who

died of causes unrelated to pneumococcal infection, a

conservative correction/reduction factor for nasopharyngeal

carriage of 20% was applied in order to account for this.

We then calculated the preventable proportion of the 1999

deaths, the year for which the most recent ONS “unspecified”

mortality data are available, on the basis of a serotype coverage

of 76% for the age group 6 months to 4 years,1 an efficacy of

97.4%,3 a vaccine uptake of 93%, and a subtraction of an esti-

mated four deaths for those in the age group 1 to 4 months not

fully vaccinated (Dr E Miller, PHLS, personal communication).

RESULTS
There were 14 IPD deaths (three septicaemia, eight meningi-

tis, three pneumonia) in the age group 1 month to 4 years

reported to the ONS for the year 1999; this is consistent with

the average number of deaths per year of 13 for 1989–99 as

shown in table 2 and fig 1 (Glenn Meredith, Office for National

Statistics, Mortality Statistics Section, personal communica-

tion). In addition there were a total of 107 deaths caused by

“unspecified” septicaemia (n = 17), meningitis (n = 13), and

pneumonia (n = 77) in 1999. Table 3 shows the underlying

conditions present in the 14 IPD deaths and in 102 of the 107

“unspecified” deaths for which information was available

(Glenn Meredith, ONS, Mortality Statistics Section, personal

communication). In one of the 14 IPD deaths there was an

underlying condition; in 45 of the 102 “unspecified” deaths

was such a condition present. Our study cannot specify what

proportion of those with or without underlying conditions is

preventable with vaccination. Figure 1 shows that the longer

Table 1 Summary of sensitivity and specificity of PCR, latex agglutination, and other tests in the detection of
pneumococcal septicaemia, meningitis, and pneumonia, and the application of these tests to “unspecified”
septicaemia, meningitis, and pneumonia in the cited studies

Clinical syndrome
Zhang et al, 19954

n=36
Cherian et al, 19987

n=29
Dagan et al, 19988

n=79
Isaacman et al, 19986

n=480
Toikka et al, 19995

n=67

Sensitivity for IPD
Septicaemia 4/5 (80%) 9/9 (100%) 12/21 (57%)
Meningitis 7/8 (88%) 4/4 (100%)
Pneumonia 3/3 (100%)
All 3/4 (75%)

Specificity for IPD
Septicaemia 253/459 (55%)
Meningitis 10/10 (100%)
Pneumonia 17/27 (63%)*

4/4 (100%)†
All 8/9 (89%) 8/8 (100%)
Controls 34/50 (68%)‡

44/52 (85%)§
167/202 (83%)¶

87/103 (83%) 15/15 (100%)

Suspected disease/culture negative/test positive
Septicaemia 5/31 (16%) 5/16 (31%)
Meningitis 5/11 (45%)
Pneumonia 13/34 (38%) 14/39 (36%)
All 66/190 (35%)**

28/190 (15%)††
25/67 (37%)

*Nasopharyngeal culture positive; †nasopharyngeal culture negative; ‡nasopharyngeal culture positive (age 2–24 mth); §nasopharyngeal culture
negative (age 2–24 mth); ¶all controls; **all; ††pretreated with antibiotics.

Table 2 ONS 1989–99 England and Wales reported deaths due to IPD in the
age group 1 month to 4 years

Condition ICD-9 1–11 mth 1–4 y Total

Septicaemia 038.2 11 12 23 (16%)
Meningitis 320.1 57 37 94 (65%)
Pneumonia 481 16 12 28 (19%)
Total 84 61 145
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term trend for the annual “unspecified” deaths has fluctuated

around 100 per year. The five years during the period 1989 to

1999 when the lowest number of IPD deaths occurred corres-

pond to four of the five years in which the lowest number of

“unspecified” deaths occurred.
For the 17 cases of “unspecified” septicaemia, 16% were

potentially caused by pneumococcal infection, giving an addi-
tional three deaths; for the 13 cases of “unspecified” meningi-
tis, 45% were potentially caused by pneumococcal infection,
giving an additional six deaths; and for the 77 cases of
“unspecified” pneumonia, 36% were potentially caused by
pneumococcal infection, giving an additional 27 deaths.
Applying the correction factor of 20% for coincidental
nasopharyngeal carriage, these numbers are reduced to two,
five, and 22 respectively, giving a total of 29 extra deaths
potentially caused by IPD.

Adding this number to the 14 deaths reported as being
caused by IPD, there were thus 43 deaths in 1999 in this age

group for which Streptococcus pneumoniae could reasonably be

given as the cause. The 7 valent PCV is reported to provide a

serotype coverage of 76% for IPD in England and Wales for the

age group 6 months to 4 years.1 With 97.4% efficacy,3 93%

uptake, and subtracting an estimated four deaths in the age

group 1–4 months (those not fully vaccinated), this would

represent 26 (61%) preventable deaths per year in the age

group 5 months to 4 years in the event of a 7 valent pneumo-

coccal conjugate infant vaccination programme. Limiting the

same calculation process to the age group 5–11 months, one

obtains 26 deaths, of which 14 (54%) would be preventable

with an infant vaccination programme.

DISCUSSION
Vaccination programmes targeted at Haemophilus influenzae
type b (Hib) (fig 2) and Neisseria meningitidis group C have

resulted in substantial reductions in mortality in vaccinees.

Further reduction in infant and child mortality is an

achievable public health aim. The full extent of such a reduc-

tion and the inherent cost–benefit ratio can be predicted when

the true burden of disease is calculated. Although the

methodology described herein could be applied to the consid-

erable morbidity attributable to IPD, it is the application to

mortality that this analysis addresses.

Our calculation estimates the annual death rate from IPD to

be 43 infants and children in the age group 1 month up to and

including 4 years, which is around three times the rate

published for laboratory confirmed cases or clinical reports.

This may be a conservative estimate based on the application

of alternate tests, mainly PCR, which may be more specific and

sensitive than culture, to clinical syndromes potentially

caused by pneumococcal infection, combined with actual

clinical reports for pneumococcal mortality. Although the

actual mortality may be higher than 43 per year it is possible

that it is lower and closer to the ONS rate of 13 per year; the

true mortality savings should be revealed by the application of

a pneumococcal immunisation programme which would

include those under the age of 2 years. A US study based on

the Active Bacterial Core surveillance and the National Vital

Statistics System for the period 1996–98 concluded that IPD

Table 3 Underlying conditions in deaths in 1999, age group 1 month to 4 years
(ONS)

Condition No. Underlying condition Details

Pneumococcal septicaemia 3 0 –
Pneumococcal pneumonia 3 1 Atrial septal defect
Pneumococcal meningitis 8 0 –

Unspecified septicaemia 17 10 Prematurity (6)
Congenital heart disease (2)
Down’s syndrome (1)
Neuroblastoma (1)

Unspecified pneumonia 77 34 Cerebral palsy (7)
Prematurity (6)
Dysmorphic syndrome (4)
Metabolic syndrome (3)
Cerebral malformation (3)
Myopathy/muscular atrophy (3)
Developmental delay (1)
I cell disease (1)
Hirschprung’s disease (1)
Myelodysplasia (1)
Atrial septal defect (1)
Panhypopituitarism secondary to neonatal
streptococcal meningitis (1)
Tuberculosis (1)
Failure to thrive (1)

Unspecified meningitis 9 1 Prematurity (1)

Figure 1 IPD and unspecified meningitis, septicaemia, and
pneumonia deaths, 1989–99, in England and Wales reported to
ONS.
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deaths in all age groups may be underestimated by 15–45%.10

Enhanced surveillance proved an effective means for estimat-

ing the true burden of Hib disease in the UK between 1985 and

1991.11

The proportion of “unspecified” disease (septicaemia, men-

ingitis, and pneumonia) attributable to pneumococcal infec-

tion was calculated using paediatric studies from various

countries: USA,4 6 India,7 Israel,8 and Finland.5 Such studies

have not been performed in the UK. Perhaps the greatest gen-

eralisation we have made is in applying Indian data to the UK.

However, even if the estimate of 45% for “unspecified” menin-

gitis is substantially reduced to 20%, the estimated number of

“unspecified” deaths would be little affected: 26 instead of 29.

Most of the “unspecified” deaths are attributable to pneumo-

coccal pneumonia, for which we have more robust data in the

form of the large Northern California Kaiser Permanente

study,9 where 33% of “abnormal chest radiograph” pneumonia

was prevented by the 7 valent pneumococcal conjugate

vaccine.

While 44% of the “unspecified” deaths were associated with

an underlying condition as shown in table 3, the majority did

not have such a condition identified. Nevertheless, had more

extensive microbiological investigations been possible, a

definitive cause may have been found, although empiric anti-

biotic treatment may have rendered such investigations nega-

tive. Because of the theoretical nature of our study we do not

specifiy which of the deaths were preventable, only that a pro-

portion is preventable.

The Department of Health National Health Inequalities

Targets12 stated that there were 109 deaths as a result of infec-

tion in the year 1999 in infants 1 month to 1 year of age. If 14

of these deaths are caused by IPD, as estimated by the present

study, a 13% reduction in infant deaths caused by infection

could be achieved by means of a robust pneumococcal conju-

gate infant vaccination programme.

In conclusion, the total number of deaths per year caused by

IPD in infants and young children 1 month to 4 years of age in

England and Wales is estimated to be 43. The number of

deaths each year that may be prevented by a programme of 7

valent pneumococcal conjugate infant vaccination may be as

high as 14 for the age group 5–11 months and 26 for the age

group 5 months to 4 years. The vaccine has the potential to

contribute towards additional mortality savings that will only

become evident after its introduction.

. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
E D G McIntosh, Senior Medical Adviser, Wyeth Vaccines, and
Honorary Clinical Senior Lecturer, Imperial College Faculty of Medicine,
London, UK
R Booy, Professor and Head, Academic Department of Child Health, St
Bartholomew’s and the Royal London School of Medicine and Dentistry,
Queen Mary, Whitechapel, London E1 1BB, UK

Competing interest: The first author is employed by Wyeth, which owns
and markets 7 valent pneumococcal conjugate vaccine. The second
author is a paid consultant to Wyeth.

REFERENCES
1 Miller E, Waight P, Efstratiou A, et al. Epidemiology of invasive and

other pneumococcal disease in children in England and Wales
1996–1998. Acta Paediatr 2000;435(suppl):11–16.

2 ONS. Table 3, Series DH2 no. 26, 1999. http://www.statistics.gov.uk/
downloads/theme_health/DH3No32book_v2.pdf.

3 Black S, Shinefield H, Fireman B, et al, and the North California Kaiser
Permanente Vaccine Study Center Group. Efficacy, safety and
immunogenicity of heptavalent pneumococcal conjugate vaccine in
children. Pediatr Infect Dis J 2000;19:187–95.

4 Zhang Y, Isaacman DJ, Wadowsky RM, et al. Detection of Streptococcus
pneumoniae in whole blood by PCR. J Clin Microbiol 1995;33:596–
601.

5 Toikka P, Nikkari S, Ruuskanen O, et al. Pneumolysin PCR-based
diagnosis of invasive pneumococcal infection in children. J Clin Microbiol
1999;37:633–7.

6 Isaacman DJ, Zhang Y, Reynolds EA, et al. Accuracy of a polymerase
chain reaction-based assay for detection of pneumococcal bacteraemia
in children. Pediatrics 1998;101:813–16.

7 Cherian T, Lalitha MK, Manoharan A, et al. PCR-enzyme immunoassay
for the detection of Streptococcus pneumoniae DNA in cerebrospinal
fluid samples from patients with culture-negative meningitis. J Clin
Microbiol 1998;36:3605–8.

8 Dagan R, Shriker O, Hazan I, et al. Prospective study to determine
clinical relevance of detection of pneumococcal DNA in sera of children
by PCR. J Clin Microbiol 1998;36:669–73.

9 Black S, Shinefield H, Ray P. Efficacy of heptavalent conjugate
pneumococcal vaccine (Wyeth Lederle) in 37,000 infants and children:
impact on pneumonia, otitis media, and an update on invasive
disease—results of the Northern California Kaiser Permanente Efficacy
Trial [abstract]. In: Programme and abstracts of the 39th Interscience
Conference on Antimicrobial Agents and Chemotherapy (ICAAC), San
Francisco, 26–29 September 1999. Washington, DC: American Society
for Microbiology, 1999:379.

10 Moore MR, Gamble ML, Zell ER, et al. Deaths due to invasive
Streptococcus pneumoniae, United States 1996–1998 [abstract 875].
39th Annual Meeting of the Infectious Diseases Society of America,
25–28 October 2001, San Francisco.

11 Booy R, Hodgson SA, Slack MPE, et al. Invasive Haemophilus influenzae
type b in the Oxford regions (1985–91). Arch Dis Child
1993;69:225–8.

12 Department of Health. The national health inequalities targets.
February 2001. www.doh.gov.uk

Figure 2 H influenzae deaths,
1979–99, in England and Wales
reported to ONS.
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