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SUMMARY

Official statistics routinely underestimate mortality from specific microorganisms and deaths are

assigned to non-specific syndromes. Here we estimate mortality attributed to specific pathogens

by modelling non-specific infant deaths from laboratory reports and codes on death certificates

for these pathogens, 1993–2000 in England and Wales using a generalized linear model. In total,

22.4–59.8% of non-specific deaths in infants (25–66 deaths a year) are attributable to specific

pathogens. Yearly deaths from Bordetella pertussis in neonates are 6.8 [95% confidence interval

(CI) 1.5–11.9]. In post-neonates 9.4 (95% CI 2.3–16.6) deaths a year are attributable to Neisseria

meningitidis, 7.3 (95% CI 2.4–12.3) to Streptococcus pneumoniae, from 2.8 (95% CI 0.8–4.9) to

15.1 (95% CI 9.4–20.9) to respiratory syncytial virus (RSV) and 3 (95% CI 0.3–5.9) to

parainfluenza type 2. Our results suggest there is substantial hidden mortality for a number of

pathogens in infants. A considerable proportion of deaths classified to infectious syndromes are

non-infectious, suggesting low specificity of death certification. Laboratory reports were the more

reliable source, reinforcing the asset of strong surveillance systems.

INTRODUCTION

Decisions to introduce or modify vaccination pro-

grammes are to a large degree based on the estimates

of the morbidity and mortality burden from a disease

[1, 2]. In many cases mortality statistics are used for

that purpose. Modelling has shown that mortality

rate and degree of underreporting of specific patho-

gens are critical parameters in estimating potential

benefit of different vaccine schedules [1]. At the same

time the burden of many pathogenic microorganisms

is routinely underestimated [3–6] and this occurs be-

cause laboratory investigations for specific organisms

are not carried out or because the tests have sensitivity

and specificity of <100%. Mueller-Pebody et al. [5]

found for instance that 74.8% of unspecified bron-

chiolitis hospital admissions were probably caused

by respiratory syncytial virus (RSV). Pertussis is

underdiagnosed because culture is insensitive, but

the diagnosis may not appear on the death certificate

even for children from whom cultures are positive

[4, 6]. Typically the cause of such disease episodes

or deaths is ascribed to a clinical syndrome such as

pneumonia, bronchiolitis, meningitis and septicaemia,

forming categories of infectious disease mortality for

which the precise causative agents are unknown.

More accurate estimates of the unrecognized burden

of specific infectious diseases contained in this com-

posite group are necessary. Thus, we aimed to esti-

mate the burden of mortality from non-specific

infectious disease or infection-like syndromes which

is attributable to one or more of a number of specific

pathogens.
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METHODS

We extracted weekly counts of deaths, containing two

categories of codes according to the 9th revision of the

International Classification of Diseases (ICD-9) from

the Office of National Statistics (ONS) dataset for

England and Wales for a period from 1 January 1993

to 31 December 2000 (see Fig. 1). The first category

consists of codes of conditions caused by 13 infectious

microorganisms of interest in individuals aged <16

years (Table 1). We retrieved from the dataset and

used in the study records mentioning any of these

codes. The second category of codes represents ill-

nesses of infectious aetiology, with no causative agent

specified. These are conditions of the respiratory or

central nervous systems, systemic or generalized in-

fections, infections of unspecified site or some more

general syndromes, suggesting an infectious cause.

Deaths in this group were in individuals up to 1 year

of age and were termed ‘non-specific deaths’. We re-

trieved and included in the study records of deaths of

infants in the post-neonatal period (age 28 days to

1 year old) where the final underlying cause of death

on the medical certificate of cause of death (MCCD)

was any of the listed conditions (Table 2). For neo-

natal deaths (at age <28 days) we included deaths

with mention of the codes anywhere on the MCCD

because the ONS does not report a final underlying

cause of death for that age group. In the age group

between 28 days and 1 year, 20 records contained a

non-specific code as the underlying cause and also

mentioned specific codes. We only included these in

the specific codes group. For ages<28 days we found

38 records mentioning both the listed specific and

non-specific codes and we included these only in the

specific group of codes for the analysis. To avoid

duplication, we included records of neonatal deaths

with mentions of more than one non-specific code

only once (73 records).

We obtained weekly laboratory reports of the

organisms of interest for ages <16 years from the

Health Protection Agency Communicable Disease

Surveillance Centre (CDSC) database for the period

between 1993 and 2000. For rubella laboratory
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Fig. 1. Data transformation procedures for the Office of National Statistics (ONS) model dataset.
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reports were used until 1997 inclusive, after which

saliva-confirmed reports were used. Week 53 was not

included in the analysis.

We used weekly counts of occurrences of specific

codes in the ONS database and weekly counts of

laboratory reports for the explanatory variables in

the two parts of the analysis. The outcome variable

was weekly counts of deaths containing non-specific

codes.

Statistical model

The number of non-specific deaths in a week (for 416

weeks in the period) was modelled first, by the number

of laboratory reports for specific organisms reported

in the same week, and second, by the number of

mentions of specific codes on death certificates in the

same week. We assumed that the number of labora-

tory reports and mentions of codes for a specific

pathogen in a given week were proportional to the

number of deaths due to that pathogen in the same

week. Models were of a type of generalized linear

model and assumed that non-specific deaths followed

a Poisson distribution. The use of an identity link

function allowed for the estimated contribution from

each covariate to be additive. A constant term was

always included to allow for a contribution that could

not be attributed to any of the covariates. The two age

groups of infants studied were modelled indepen-

dently of each other.

Modelling was restricted to just the inclusion of

covariates that were estimated to make a ‘positive’

contribution to non-specific deaths. Those covariates

that were estimated with a negative coefficient were

excluded from the model and so were assumed to

make no contribution to non-specific deaths.

Covariates were excluded one at a time, with the most

extreme negative contribution excluded on each oc-

casion. Estimated proportions are based on statistical

associations between two time series. The use of the

word ‘contribution’ is for convenience, and should be

interpreted with caution.

Table 1. Conditions caused by the organisms studied and their corresponding ICD-9 codes

Pathogen Included diagnoses Codes

B. pertussis,
B. parapertussis

Whooping cough, B. pertussis ; whooping cough, B. parapertussis ; whooping
cough pneumonia

0330, 0331, 4843

Streptococcus* Streptococcal – sore throat, septicaemia, meningitis, pneumonia ; scarlatina;
streptococcal infection in condition classified elsewhere and of unspecified site

0340, 0380, 3202,
4823, 0341, 0410

N. meningitidis Meningococcal – meningitis, encephalitis, carditis ; meningococcaemia ;

Waterhouse–Friderichsen syndrome; other meningococcal infection;
unspecified meningococcal infection

0360, 3205, 0361,

0364, 0362, 0363,
0368, 0369,

Staphylococcus Staphylococcal – septicaemia, meningitis, pneumonia ; staphylococcal
infection in condition classified elsewhere or of unspecified site

0381, 3203, 4824,
0411

S. pneumoniae Pneumococcal – septicaemia, meningitis, pneumonia ; pneumococcal infection
in condition classified elsewhere or of unspecified site

0382, 3201, 481,
0412

H. influenzae Haemophilus influenzae – meningitis, pneumonia ; H. influenzae infection in

condition classified elsewhere or of unspecified site

3200, 4822, 0415

Measles virus Post-measles – encephalitis, pneumonia, otitis ; measles with other
complications ; measles with unspecified complication; measles without

mention of complication; pneumonia in measles

0550, 0551, 0552,
0557, 0558, 0559,

4840
Rubella virus Rubella with neurological complications ; rubella with other complications ;

rubella with unspecified complications ; rubella without mention of
complication; congenital rubella

0560, 0567, 0568,
0569, 7710

Parvovirus B19 Erythema infectiosum 0570
Mumps virus Mumps – orchitis, meningitis, encephalitis, pancreatitis ; mumps with other

complications ; mumps with unspecified complication ; mumps without

mention of complication

0720, 0721, 3215,
0722, 0723, 0727,

0728, 0729
Parainfluenza virus Pneumonia due to parainfluenza virus 4802
Respiratory

syncytial virus

Pneumonia due to RSV virus 4801

Influenza virus Influenza with pneumonia ; influenza with other respiratory manifestations ;
influenza with other manifestations

4870, 4871, 4878

* Except Streptococcus pneumoniae.
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RESULTS

Over the 8-year period from 1993 to December 2000

in England and Wales there were 888 non-specific

deaths which met our selection criteria. Of these 227

were in neonates (ages <28 days) and 661 in post-

neonates (ages between 28 days and <1 year). The

total number of laboratory reports for the studied

pathogens over the period (ages <16 years) was

141154. The total number of mentions of the patho-

gens under study in deaths reported by ONS (ages

<16 years) was 1564 ( Table 3).

Laboratory reports model

Using laboratory reports of infectious disease as ex-

planatory variables, overall 59.8% or 531 of the non-

specific deaths were attributed to specific pathogens

over the study period corresponding to 66 deaths per

year. In neonates 70.3% or 160 of the non-specific

deaths, were attributed to specific pathogens over the

study period, corresponding to 20 deaths per year.

From the covariates kept in the model in this age

group (Table 3) only Bordetella pertussis elicited a

statistically significant estimate. The yearly number

of non-specific deaths attributable to pertussis was

estimated to be 6.75 (95% CI 1.5–11.88) (Table 4).

In post-neonates 56.2% or 371 of the non-specific

deaths, were attributed to specific pathogens in the

8-year period, corresponding to 46 deaths per year.

Two organisms had significant estimates – RSV

with 15.13 non-specific deaths attributable per year

(95% CI 9.38–20.88) and parainfluenza virus type 2

with three deaths attributable per year (95% CI

0.25–5.88).

ONS mortality model

Using mentions of infectious diseases caused by spe-

cific pathogens in death certificates as explanatory

variables overall 22.4% or 199 of the non-specific

deaths were attributed to specific infections corre-

sponding to 25 deaths per year. Among neonates,

only 11.2% or 26 of the non-specific deaths could

be attributable to specific pathogens over the study

period corresponding to three deaths per year. Also

in the group of neonates no estimates of individual

burden of pathogens were statistically significant

using this model. In post-neonates 26.2% or 174 of

the non-specific deaths were attributed to specific

microorganisms over the period of the study, corre-

sponding to 22 deaths per year. There were three

organisms with significant estimates of mortality

Table 2. Non-specific infectious syndromes included in the study

Diagnosis/syndrome ICD-9 code

Unspecified septicaemia 0389
Other unspecified viral diseases of central nervous system (non-arthropod-borne) 0499

Unspecified viral infection in conditions of unspecified site 0799
Unspecified infectious or parasitic diseases 1369
Meningitis due to unspecified bacterium 3209

Non-pyogenic meningitis of unspecified cause 3220
Eosinophilic meningitis of unspecified cause 3221
Unspecified meningitis of unspecified cause 3229
Other encephalitis, myelitis and encephalomyelitis* 3238

Encephalitis, myelitis and encephalomyelitis of unspecified cause 3239
Acute tracheitis 4641
Acute laryngotracheitis 4642

Acute epiglottitis 4643
Croup 4644
Acute laryngopharyngitis 4650

Acute upper respiratory infection of other multiple sites 4658
Acute upper respiratory infection of unspecified site 4659
Acute bronchiolitis 4661
Unspecified bacterial pneumonia 4829

Bronchopneumonia with no organism specified 485
Pneumonia with no organism specified 486
Other infection specific to the perinatal period 7718

* Different code from ‘other encephalitis due to infection’ which contains specific diagnoses and is accordingly not included.
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burden among non-specific deaths. Neisseria menin-

gitidis, with 9.38 deaths attributed per year (95%

CI 2.25–16.63) ; Streptococcus pneumoniae with 7.25

deaths attributed per year (95% CI 2.38–12.25) and

RSV with 2.75 deaths attributed per year (95% CI

0.75–4.88).

Among neonates there are three variables in com-

mon for the two models – pertussis, parvovirus and

RSV. In the post-neonatal group meningococcus,

pneumococcus, measles virus, RSV, influenza virus

and parainfluenza virus were the variables in common

for the two models. Estimates of attributable deaths

to pathogens common to the two models are

presented for comparison in Figure 2. In the neo-

natal group the confidence intervals of two of the

estimates –parvovirus B19 and RSV overlapped very

Table 3. Numbers of specific, non-specific deaths and laboratory reports used as well as regression coefficients

and significance of the estimates from the two models

Pathogen

Laboratory reports model Office of National Statistics

(ONS) model
Number of
laboratory
reports

Regression
coefficient P value*

Number of
specific codes

Regression
coefficient P value*

Neonates (aged<28 days)
B. pertussis 2246 0.024 0.01 3 0.146 0.8
Streptococcus — — — 285 0.034 0.5

S. pneumoniae — — — 209 0.013 0.8
N. meningitidis 9474 0.003 0.2 — — —
H. influenzae — — — 40 0.149 0.3

Measles virus — — — 4 0.629 0.3
Mumps virus 1103 0.005 0.6 — — —
Parvovirus B19 1505 0.014 0.086 8 0.368 0.3
RSV 83 036 0.0001 0.4 34 0.036 0.8

Influenza virus group B# 1278 0.001 0.8 — — —
Influenza virus – ungrouped 18 0.124 0.5
Parainfluenza virus type 1$ 599 0.016 0.4 — — —

Parainfluenza virus type 3 2843 0.003 0.6
Parainfluenza virus type 4 40 0.097 0.5
Parainfluenza virus – untyped 243 0.061 0.2

Non-specific deaths· 227 0.162 0.1 227 0.485 <0.001

Post-neonates (aged 28 days to 1 yr)
N. meningitidis 9474 0.01 0.097 832 0.091 0.01
S. pneumoniae 5165 0.007 0.6 209 0.278 0.004
H. influenzae — — — 40 0.223 0.3

Measles virus 428 0.023 0.5 4 0.016 0.98
Rubella virus 431 0.051 0.2 — — —
RSV 83 036 0.002 <0.001 34 0.659 0.007

Influenza virus group A# 3809 0.003 0.5 10 0.43 0.3
Influenza virus group B 1278 0.011 0.2
Parainfluenza virus type 1$ 599 0.01 0.8 4 1.078 0.2

Parainfluenza virus type 2 244 0.1 0.03
Parainfluenza virus type 3 2843 0.002 0.8
Parainfluenza virus type 4 40 0.223 0.3

Parainfluenza virus – untyped 243 0.101 0.1
Non-specific deaths· 661 0.696 <0.04 661 1.172 <0.001

* Wald test.
# The laboratory reports data presented are for influenza virus by group while the ONS data are for influenza virus all
groups.

$ The laboratory reports data presented are for parainfluenza virus by type while the ONS data are for parainfluenza virus all
types.
· This field contains the number of non-specific deaths included in the study, the regression constant and P value for

estimates of deaths not attributable to specific microorganisms.
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Table 4. Yearly numbers of deaths and proportions of deaths with unknown cause attributed to specific pathogens as estimated from the two models

in comparison

Pathogen

Laboratory reports model Office of National Statistics (ONS) model

Number of yearly
attributed deaths

Proportion of non-specific
deaths attributed (95% CI)

Number of yearly
attributed deaths

Proportion of non-specific
deaths attributed (95% CI)

Neonates (aged<28 days)
B. pertussis 6.8 (1.5 to 11.9) 0.236 (0.053 to 0.418) 0 (x0.3 to 0.4) 0.002 (x0.01 to 0.014)
Streptococcus — — 1.3 (x1.9 to 4.4) 0.043 (x0.068 to 0.153)

S. pneumoniae — — 0.4 (x2.5 to 3.2) 0.012 (x0.088 to 0.112)
N. meningitidis 4 (x2.1 to 10) 0.139 (x0.074 to 0.353) — —
H. influenzae — — 0.8 (x0.6 to 2.1) 0.026 (x0.021 to 0.073)
Measles virus — — 0.4 (x0.3 to 0.9) 0.011 (x0.009 to 0.031)

Mumps virus 0.8 (x1.6 to 3) 0.024 (x0.058 to 0.106) — —
Parvovirus B19 2.63 (x0.4 to 5.6) 0.093 (x0.013 to 0.199) 0.4 (x0.3 to 1) 0.013 (x0.01 to 0.036)
RSV 1.1 (x1.6 to 3.8) 0.038 (x0.055 to 0.132) 0.1 (x1 to 1.3) 0.005 (x0.033 to 0.044)

Influenza virus group B 0.1 (x1.3 to 1.5) 0.005 (x0.044 to 0.053) — —
Influenza virus – ungrouped 0.3 (x0.6 to 1.1) 0.01 (x0.02 to 0.04)
Parainfluenza virus type 1 1.1 (x1.5 to 4.1) 0.041 (x0.062 to 0.144) — —

Parainfluenza virus type 3 1 (x2.4 to 4.4) 0.034 (x0.085 to 0.152)
Parainfluenza virus type 4 0.5 (x0.8 to 1.8) 0.017 (x0.028 to 0.062)
Parainfluenza virus to untyped 1.9 (x0.8 to 4.4) 0.065 (x0.025 to 0.156)
Non-attributable deaths 8.4 (x2.2 to 19.1) 0.297 (x0.077 to 0.671) 25.2 (19.7 to 30.7) 0.888 (0.694 to 1.082)

Post-neonates (aged 28 days to 1 yr)
N. meningitidis 11.3 (x2 to 24.4) 0.136 (x0.024 to 0.296) 9.4 (2.3 to 16.6) 0.114 (0.026 to 0.201)
S. pneumoniae 4.3 (x11.8 to 20.3) 0.052 (x0.142 to 0.245) 7.3 (2.4 to 12.3) 0.088 (0.028 to 0.148)
H. influenzae — — 1.1 (x1.1 to 3.3) 0.013 (x0.013 to 0.04)

Measles virus 1.3 (x2.3 to 4.8) 0.015 (x0.028 to 0.058) 0 (x0.6 to 0.6) 0 (x0.008 to 0.008)
Rubella virus 2.8 (x1.3 to 6.8) 0.033 (x0.015 to 0.081) — —
RSV 15.1 (9.4 to 20.9) 0.183 (0.114 to 0.252) 2.8 (0.8 to 4.9) 0.034 (0.009 to 0.058)

Influenza virus group A* 1.5 (x3.1 to 6.1) 0.018 (x0.039 to 0.074) 0.5 (x0.5 to 1.5) 0.007 (x0.006 to 0.019)
Influenza virus group B 1.6 (x1 to 4.4) 0.02 (x0.012 to 0.053)
Parainfluenza virus type 1# 0.8 (x4 to 5.5) 0.009 (x0.049 to 0.067) 0.5 (x0.3 to 1.4) 0.007 (x0.003 to 0.016)

Parainfluenza virus type 2 3 (0.3 to 5.9) 0.037 (0.003 to 0.071)
Parainfluenza virus type 3 0.6 (x4.5 to 5.9) 0.008 (x0.055 to 0.071)
Parainfluenza virus type 4 1.1 (x1 to 3.3) 0.013 (x0.013 to 0.04)
Parainfluenza virus to untyped 3.1 (x0.6 to 6.9) 0.037 (x0.009 to 0.084)

Non-attributable deaths 36.2 (17.9 to 54.5) 0.438 (0.216 to 0.660) 60.9 (50.8 to 71.1) 0.738 (0.615 to 0.860)

* The laboratory reports data presented are for influenza virus by group while the ONS data are for influenza virus all groups.
# The laboratory reports data presented are for parainfluenza virus by type while the ONS data are for parainfluenza virus all types.
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closely across the two models. All of the estimates of

the numbers of deaths attributable to pathogens in the

post-neonatal group except for RSV had substantially

overlapping confidence intervals, with most of the

estimates being very close to each other. The estimates

which were significant in both models (although dif-

ferent in magnitude) were only in the group of

post-neonates. These were the number of deaths

attributed to RSV and the estimation of number

of deaths that are not attributable to any of the

pathogens studied.

In both age groups all estimates from the model

based on the laboratory reports were higher both in

value and in significance from the estimates of the

model based on death certificates with the exception

of N. meningitidis, S. pneumoniae in post-neonates,

and the non-attributable deaths in both age groups.

DISCUSSION

The number of children who die during infancy in the

United Kingdom, particularly in the neonatal period

is small, and this makes it more challenging to pro-

duce a robust analysis. We assumed that completeness

of laboratory surveillance was constant during the

study period. This is broadly true in that there were

no abrupt changes. The approach we have taken

works best for diseases with clearly defined and dis-

tinct seasonality [7]. We are dependent for the model

on including diseases for which surveillance provides

good laboratory data or enough mortality data for

the specific causes of death in either model to explain

those without a specific cause. This method will not

detect the impact of infections for which hardly any

laboratory reports are made although the infection is

frequent, or infections which rarely appear on death

certificates although they are a frequent cause of

death. It is not possible to measure or adjust for the

potential impact on non-specific deaths of pathogens

about which we do not have information. This is

especially valid for viral pathogens such as pneumo-

virus, metapneumovirus, rhinovirus and others [8],

which have a marked seasonality closely mirroring

that of pathogens included in the study, e.g. RSV.

Importantly as the information available determines

the outcome for any model and the two data sources

differ considerably, the different approaches yield

different results.

An additional challenge for neonatal deaths is that

we do not have underlying cause of death reported

and have to use any mention of a code as a proxy.

As we do not know what was the main cause of death

we are likely to have included some deaths for which

infection was not important and hence lost power to

measure the impact of infection. This factor also

makes it hard to compare the results for neonatal and

post-neonatal deaths. With the small numbers of

neonatal deaths, caution should be exercised in inter-

preting the results for these in particular.

The data used in the study are of grouped nature so

we must be careful not to overinterpret results. But

because it is difficult to know post factum the aetiolo-

gical agent responsible for these infectious deaths

directly, statistical modelling presents an invaluable

method for inferring the likely burden of different

pathogens. The inclusion of all ‘positive’ contri-

butions is appropriate even though in many cases the

contribution of a covariate to the model was not

statistically significant. To exclude such contributions

would be to assume no contribution, and potentially

bias the results. Non-significant contributions are

quite likely to be non-significant simply because of

the small number of non-specific deaths available for

the analysis.

A strength of the analysis which used only ONS

mortality data is that the sequence of events in specific

and non-specific causes are synchronous. With the
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Fig. 2. Yearly number of deaths attributed to specific
pathogens for neonates and post-neonates – the estimates

present in both models and their 95% confidence intervals
in comparison.
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laboratory data we do not know the exact temporal

relationship between the time the sample is taken and

the time of death. We could have introduced a time

lag to account for delay between laboratory sampling

and deaths, but in reality the lag is likely to vary

between pathogens and between deaths assigned to

specific and non-specific causes. For example, it may

be that deaths with a specific infectious cause occur

later than those for which no diagnosis is made, giving

time for laboratory investigation. We chose for sim-

plicity not to introduce any lags into the analysis.

This is a conservative approach as it risks negative

findings.

Neonatal deaths attributable to B. pertussis were

estimated from the model using laboratory reports

at 6.8 per year (95% CI 1.5–11.9). This is consistent

with results from a previous study [4], which esti-

mated pertussis deaths to be 9 per year among young

infants (almost 90% were under 4 months of age)

using capture–recapture methods and with other

studies also supporting our finding that pertussis is

underestimated in young infants [3, 6]. For com-

parison the ONS reported only 1 death from pertussis

in their official figures during 1999 for the entire infant

age group and none during 2000 [9, 10]. In the same

model and age group, parvovirus B19 was estimated

to be responsible for 2.6 (95% CI x0.4 to 5.6) deaths

with unknown cause per year and the confidence

interval of this estimate overlaps with that of the

ONS mortality-based estimate. The low significance

of the latter must be viewed in the light of the

extremely small number of observations on which it

is based.

The only microorganism with an estimated contri-

bution to infant deaths with unknown cause in the

post-neonatal age group which was significant in both

models (although with very different estimates) was

RSV. This is also the pathogen with the highest

number of yearly attributable deaths in the study.

The laboratory reports-based model estimated the

yearly deaths attributable to RSV to be 15.1 (95% CI

9.4–20.9) and the mortality-based model estimated

2.8 (95%CI 0.8–4.9) deaths per year. For comparison

the number of RSV infant deaths reported by the

ONS was 0 in 1999 and 3 in 2000. A previous study

found 4 deaths from RSV in four London clinical

units alone over one year (N. S. Crowcroft, unpub-

lished observations), also indicating that RSV deaths

are likely to be much more frequent than officially

reported and supporting our finding that RSV deaths

are underestimated. The fivefold difference between

our laboratory-based and mortality-based estimates is

again likely to be due to the very low counts available

from the ONS source to model this organism.

After RSV the microorganisms with the highest

number of attributed deaths were N. meningitidis with

9.4 (95% CI 2.3–16.6) and S. pneumoniae with 7.3

(95% CI 2.4–12.3) attributed deaths per year in post-

neonates from the mortality-based model. The num-

ber of meningococcal infant deaths reported by the

ONS was 30 in 1999 and 23 in 2000. For the

pneumococcus these figures were 9 and 8, respectively

[9, 10]. Both of the estimates for these bacteria are

statistically significant in the model using the ONS

data and not in the laboratory reports-based model

even though the statistical power of the latter is in

general much higher. The explanation of this appar-

ent anomaly may lie in the very small numbers of

deaths in the ONS data for RSV, influenza and

parainfluenza viruses. As a result, we have not been

able to control properly for the effect of these im-

portant seasonal pathogens which is likely to have

inflated the significance or effect of the bacterial

pathogens which exhibit similar seasonal variation,

especially pneumococcus. For N. meningitidis this

effect is probably of a lesser importance as suggested

by the close estimates from the two models and the

P value of the laboratory-based estimate.

As many as three deaths of post-neonates per year

were attributed to parainfluenza virus type 2 by the

model based on laboratory reports and this was a

statistically significant estimate. This is an important

finding as parainfluenza virus type 2 has not pre-

viously been shown to be underestimated or associ-

ated with mortality among infants [11] and official

mortality statistics do not report any parainfluenza

infant deaths [9, 10].

Our model included a parameter allowing for vari-

ation in the non-specific infectious deaths that could

not be accounted for by the variation in weekly counts

of the studied microorganisms. In neonates (Table 4)

the mortality-based model elicited a significant esti-

mate of 25.2 (95% CI 19.7–30.7) deaths per year not

attributed to any of the pathogens studied. In the

group of post-neonates the estimates from both

models were statistically significant. The laboratory-

based model estimated the non-attributable deaths at

36.2 (95% CI 17.9–54.5) and the mortality-based

model, at 60.9 (95% CI 50.8–71.1) deaths per year.

Some proportion of this group of unattributed deaths

thus obtained could be due to infectious agents

not included in the study. Probably at least some
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of the deaths in this group though are there because

they were genuinely not caused by an infectious agent.

Conversely, the low laboratory or ONS specific

counts with the associated reduction in power could

have led to an overestimation in the number of

deaths not attributable to an infectious cause. This is

supported by the much higher number of non-

attributable deaths in both age groups in the model

based on ONS mortality – a marked exception from

the rest of the estimates in common to the two models,

where the ones based on laboratory reports have

higher significance and magnitude.

Another factor which could partially account for

non-attributable deaths is the opposite seasonal

variation of some of the pathogens (parainfluenza

virus type 3, for example, peaks in late spring–early

summer unlike most other seasonal pathogens which

peak in the winter period) which may partly cancel

each other out, reducing the estimates of covariates

and increasing the constant (non-attributable deaths)

(N. J. Andrews, personal communication, May 2004).

Although apparently composite, estimates of non-

attributable deaths are an indicator for a proportion

of non-infectious deaths wrongly classified as infec-

tious by the process of death certification. This has

an important implication for policy in this area be-

cause it suggests strongly that low specificity is at least

as important a problem for the system of death certi-

fication as low sensitivity. These issues also have

important methodological consequences for any epi-

demiological study which uses ONS mortality data,

by introducing noise and decreasing the power to de-

tect real effects.

The fact that the estimations from the models based

on laboratory reports and ONS data differ so much

partly reflects the different quality of each dataset.

The much larger number of attributed deaths in

the laboratory reports model, the overall higher

level of significance in both age groups (apart from

N. meningitidis and S. pneumoniae), and the higher

number of weekly counts available, suggests labora-

tory reports may be more reliable. Among other

things this reinforces the importance of good surveil-

lance and the benefits of laboratory reporting es-

pecially when other reliable sources of data are

lacking. It shows that ONS data have scope for im-

provement in the precision of assigning cause of

death. In part this is a question of information from

laboratory results being included in the medical

certificate of cause of death. The sophistication of

routine and reference microbiological methods is such

that it should be less and less frequent for there to be

no precise cause of death for infants who die. How-

ever, such methods may not always be applied [12].

Regardless of the differences in the power of the

two models to estimate the deaths attributable to

this group of microorganisms, many of the individual

estimates agree across the two models as illustrated

very convincingly in Figure 2. The confidence inter-

vals for all of them, except two, overlap, most of these

to a substantial degree. Bearing in mind the vastly

different nature of the two information sources used,

this reinforces the validity of our approach. Our work

utilizes the temporal variation of a large number of

pathogens over 8 years, which makes our estimates

quite robust.

To appreciate the magnitude of the yearly deaths

attributed to these pathogens it is important to keep

in mind that these deaths are unaccounted for

through the procedure of death certification and

traditional methods of surveillance and are thus

likely to be deaths in excess of those already identified

from each of the pathogens. As the annual number

of deaths from most of the microorganisms studied

is small, the yearly deaths identified with our

method for most of these pathogens are a substantial

addition.

In our opinion future, more specialized, studies

should concentrate on pathogens for which our

explorative work has found deaths to be under-

estimated, especially RSV, pertussis and parain-

fluenza virus type 2. An important message from

our study is the value of good quality surveillance

information and future studies should strive to

acquire better quality and larger datasets or perhaps

to collect primary data. Of course our analysis could

be explored further, attempting to ensure better

quality data, and also by including more of the

pathogenic organisms important in infants, such as

pneumovirus, metapneumovirus, rhinovirus. This

method could also be used for looking into potential

infectious causes of sudden infant death syndrome

(SIDS).

Our approach has been able to estimate consider-

able hidden burden from a number of infectious

pathogens in infants. This will inform surveillance

and future epidemiological studies. As most of this

mortality is preventable through existing or currently

developed vaccines [13, 14], we hope the study results

will help to inform priority setting and to tailor

specific public health interventions, including vacci-

nation, to the aetiology of infant deaths.
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