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Abstract

Linked data is used by the public health laboratory service 
(PHLS) in England and Wales for performing enhanced disease 
surveillance and also assessing the safety of vaccines. Enhanced 
disease surveillance, which links disease data from different 
sources is important when introducing a new vaccine in order 
to assess the need for the vaccine, the impact of the vaccine 
on disease and to estimate fi eld effi cacy. This was particularly 
important when introducing the new meningococcal C disease 
conjugate vaccine because it was licensed without any formal 
effi cacy trials. Since the introduction of the vaccine at the end 
of 1999 fi eld effi cacy has been estimated at over 90% in all age 
groups indicating good short-term effi cacy. Another applica-
tion of data-linkage for surveillance is linking data on deaths 
due to a disease from different sources and then using the 
degree of overlap to estimate total deaths due to the disease 
using capture recapture methodology. This was used to estimate 
that there were a total of 46 deaths due to pertussis in England 
from 1994 to 1999.

As diseases disappear focus turns to vaccine safety and it is 
essential to be able to test hypothesised reactions to vaccina-
tion. Record linkage of hospital admissions and vaccine records, 
along with the self controlled case-series method, has been used 
many times at the PHLS in the past decade to estimate the 
relative incidence of adverse events in specifi ed risk periods 
after vaccination. Examples of such studies include looking at 
ITP after MMR, convulsions following MMR, bacterial infec-
tions after MMR and intussusception after oral polio vaccine.

1. Introduction

This paper examines how disease surveillance and adverse 
event surveillance is crucial when assessing the impact and 
safety of vaccination. The necessity of being able to link data 
in order to carry out enhanced vaccine preventable disease sur-
veillance and also assess safety is highlighted using examples 
from the PHLS in England and Wales. The recent introduc-
tion of the meningococcal group C conjugate vaccine without 
formal effi cacy studies pre-licensure highlighted the need for 
an enhanced surveillance program to monitor the impact and 
estimate effi cacy of disease post-licensure. Also the increasing 
publicity over vaccine safety means it is more important than 
ever to have active post-licensure surveillance of possible adverse 
events.

In this paper the issues that need to be considered when 
assessing a vaccine are discussed, next the use of surveillance 

data and the requirement of data linkage for enhanced surveil-
lance is examined with examples and fi nally the PHLS record 
linkage system for adverse event surveillance is presented with 
examples.

2. Vaccine assessment

Vaccines can protect individuals and the population as a whole 
against disease and may even enable the elimination of disease. 
However they may also cause adverse reactions and, if used care-
lessly, change the disease epidemiology for the worse. Having 
good systems for vaccine assessment is essential, particularly 
when introducing a new vaccine. Some of the key questions 
that need to be answered along with the information required 
are as follows:

What is the disease incidence, morbidity and mortality? This 
information is required to decide whether the disease is serious 
enough to be worth targeting, Surveillance data is required to 
determine the disease epidemiology and also data on deaths to 
determine mortality.

Does the vaccine work? This is usually measured by vaccine 
effi cacy and is determined in clinical trials. However fi eld effi cacy 
may differ from that seen in trials. Field effi cacy can be estimated 
using enhanced surveillance where the vaccination status of cases 
is determined, along with population vaccine coverage data.

How safe is the vaccine? Clinical trials will pick up common reac-
tions, however rare reactions require post-licensure surveillance.

Will the vaccine be cost effective? This can be assessed using 
mathematical and economic modelling of the likely impact of vac-
cination on disease, this requires estimates of the cost of the disease 
and the vaccine as well as vaccine effi cacy, coverage and population 
mixing patterns and also the infectiousness of the disease.

At what age should the vaccine be given? This requires infor-
mation on the disease epidemiology from surveillance data and 
also information on the immunological response and effi cacy 
seen at different ages from clinical trials.

What will the effect be on the disease epidemiology? This can 
be predicted using mathematical modelling based on vaccine 
effi cacy, coverage, and the age at which vaccine is given along 
with population mixing patterns and also the infectiousness 
of the disease. Vaccine programmes can be planned to prevent 
deleterious effects on disease epidemiology by including catch 
up campaigns or booster doses. Post-vaccination enhanced sur-
veillance will provide information on the effect of the vaccine 
on disease epidemiology.
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In England and Wales much of the information required to 
answer these questions is provided by the PHLS which reports 
to the joint committee on vaccines and immunisation (JCVI) 
which itself makes recommendations to the government.

Clearly the introduction of a new vaccine as well as continu-
ing assessment of vaccines in use requires good quality surveil-
lance data and also the ability to investigate vaccine safety post-
licensure. The next two sections highlight the use of linked 
data at the PHLS in England and Wales to perform surveil-
lance and safety assessment.

3. Data-Linkage for Enhanced disease surveillance

Data on diseases are available from many different sources. In 
England and Wales, for example, these include disease notifi ca-
tions to the offi ce of national statistics (ONS), the ONS deaths 
register, hospital episode statistics, routine and reference labo-
ratory confi rmations and general practice databases.

These data sources can be used individually to provide infor-
mation on disease epidemiology, however a complete picture 
can only be obtained through enhanced surveillance which 
links together various data sources. In order to link the data 
sources patient identifi ers are required such as NHS number or 
sex/dob/post-code. Ethical approval is required to use and link 
the data sources. Some advantages of data linkage for surveil-
lance are listed below:

 • Better estimation of disease incidence

 • Estimation of correction factors for under-reporting by a 
 single data source.

 • Prevention of double counting

 • Identifi cation of repeat episodes

 • Reduction of missing information.

 • Potential use of capture re-capture methods for estimating 
 overall incidence.

 • Combination of data only available from different data 
 sources (e.g. deaths, sero-groups, vaccination status).

In the England and Wales enhanced surveillance exists for all 
diseases for which vaccination is routinely used as well as other 
diseases for which vaccines may be available in the future.

Two examples follow which demonstrate how data-linkage is 
used for surveillance. The fi rst shows how capture re-capture 
methodology can be used to estimate total deaths in England 
from pertussis. The second gives details of the enhanced sur-
veillance system for meningococcal disease.

3.1 Example: Deaths in England due to Pertussis 1994–1999

In order to improve the estimate of mortality due to pertussis 
in England and identify reasons for under ascertainment a 
study was performed which involved linking data from labora-
tory reports of pertussis, hospital episode statistics (HES) and 
ONS death registrations [1]. Data were obtained from 1994 
to 1999 and a total of 33 deaths were identifi ed. Figure 1 

shows that there was overlap between all the sources. Twenty-
two deaths were identifi ed from laboratory reports, 18 in ONS 
mortality data, and 9 in HES.

Using capture-recapture analysis [2], the total deaths from 
pertussis in the fi ve and a half year period of the study was 
estimated to be 46 (95% CI 37 to 71), or around nine deaths 
per year. Further examination of the children who had died 
from pertussis without mention of pertussis on the death cer-
tifi cate showed that they were more likely to have been certifi ed 
by coroners than those with mention of pertussis (p=0.005). 
Data-linkage has therefore shown that less than half the deaths 
due to pertussis are identifi ed by any single data source.

Figure 1 Overlap of deaths due to pertussis from three 
data-sources

3.2 Example: Enhanced meningococcal disease surveillance

During the 1990s meningococcal group C disease incidence 
increased steadily with frequent outbreaks and high mortality. 
Vaccination against group C disease was only available with a 
polysaccheride vaccine which gave short term protection and 
it was only recommended for use with close contacts. Also the 
vaccine did not produce an immune response in infants. Fol-
lowing the success of the HiB conjugate vaccine and conjugate 
vaccine was developed for Meningococcal group C which gave 
immune responses in infants and was also likely to give long 
term protection. The rarity of meningococcal disease made 
effi cacy trials impractical, however the immune response to the 
vaccine was shown to be good [3] and the vaccine became the 
fi rst to be licensed without formal effi cacy trials. This made the 
need for enhanced surveillance of the disease even more impor-
tant in order to monitor the effect and effi cacy of the vaccine.

In 1999 the surveillance of meningococcal disease was therefore 
enhanced with information from the data sources shown in 
fi gure 2 linked into one database. The vaccine was introduced in 
November 1999 with priority given to infants and 15–17 year 
olds in whom death rates were highest. During 2000 all other age 
groups up to age 17 received the vaccine as it became available.
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Figure 2 Enhanced Meningococcal disease surveillance

Before the vaccine was introduced the enhanced surveillance 
system enabled estimates of disease due to group C to be 
obtained with a correction for unconfi rmed cases. Many cases 
of meningococcal disease are never confi rmed because blood 
samples are not taken or are taken too late, these unconfi rmed 
cases can be assumed to be distributed across sero-groups in the 
same proportion as seen with confi rmed cases. This gave cor-
rected estimates of group C incidence approximately twice as 
high as those obtained just using confi rmed cases. The results 
showed that the 1999 incidence varied from 0.09 per 10,000 
in over 25s to 3.7 per 10,000 in under ones.

Since the vaccine was introduced the enhanced surveillance 
database has since been used to measure the effect of the vaccine 
on disease rates and deaths, look at any changes to the sero-
epidemiology, identify vaccine failures and estimate vaccine 
effi cacy when used with vaccine coverage data. Analyses com-
paring data from January to September 1999 with data from 
January to September 2000 show a decline in deaths of 90% 
and disease in under 20’s of over 80%. Current (unpublished) 
vaccine effi cacy estimates using the screening method [4] are 
above 90% for all age groups. Sero-epidemiology shows that 
there is no evidence of common group C strains switching 
capsules to become other capsular groups.

4. Data Linkage for Vaccine Safety

The ability to detect and investigate possible adverse reactions 
to vaccination is becoming increasingly important as more 
vaccine are licensed and as the diseases themselves disappear 
and focus turns to possible adverse reactions.

Pre-licensure clinical trials can detect and estimate the risk 
of common reactions to vaccination such as fever and local-
ised rashes and swelling. Rare reactions however may only be 
detectable and quantifi able in post-licensure surveillance.

Possible reactions may be identifi ed from clinical trial data, 
passive post-marketing surveillance systems and through the 
biological mechanism by which the vaccine gives protection. 
Once a possible reaction has been identifi ed it is important 
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to be able to carry out a formal study of the hypothesis 
in which bias can be minimised. Possible study designs are 
cohort studies, case-control studies or self-controlled case-
series studies. In these studies the relative incidence (RI) 
of the reaction in a specifi ed post vaccination risk period 
compared to the background risk is estimated. If there is an 
increased risk then the risk per dose attributable to vaccina-
tion also needs to be estimated. Ongoing systems that have 
been developed for this active surveillance include US vaccine 
safety data-link system [5] which is a cohort method and the 
UK record-linkage system which use the self controlled case 
series method [6].

The UK record linkage system for active surveillance is used to 
test hypothesised reactions to vaccines by identifying hospital 
admissions for the event from ICD codes and linking these 
records with child health vaccine databases. In the UK ethical 
approval has been obtained to use hospital episode data from 
the south east of England and three child-health vaccine data-
bases covering a similar area.

Figure 3 gives details of the record linkage. These data have 
been used in the past decade to perform many studies and the 
SCCS method [6,7,8] was developed to analyse the data. This 
method, which only uses data on cases, has been shown to 
have similar power to a cohort study and also has the advan-
tage of minimising bias because cases act as there own controls. 
An example of a record linkage study was the investigation of 
MMR and ITP.

Figure 3 Data-linkage for vaccine safety

4.1 Example: MMR and ITP [Miller et al 9]

Idiopathic thrombocytopenic purpura (ITP) is a blood disorder 
related to the immune system. Some observational evidence 
as well as biological plausibility suggested that there may be 
an increased risk of ITP in the 6 weeks after MMR vaccina-
tion. Record linkage was therefore used to link individuals with 
hospital admission with an ICD code for ITP (ICD 278.3) 
with vaccine records. At the time of the study data were avail-
able between 1991 and 1994.
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Figure 4 shows the distribution of events according to the 
number of weeks from vaccination. The fi gure suggests there is 
an increase in the risk period, and this was confi rmed in the self 
controlled case series analysis with a RI of 3.27 and 95% confi -
dence interval 1.49 to 7.16. Based on the estimated number of 
MMR doses given to the population from which the study cases 
arose the estimated risk per dose of MMR was 1 in 32000.

Figure 4 ITP cases by weeks from MMR vaccination 
to hospital admission

4.2 Other record-linkage studies

Details of some other Record-linkage studies performed by the 
PHLS are given in table1. Note that the MMR-Autism study 
differed slightly from the other studies because in this case dis-
ability registers and special school were used to identify cases 
rather than hospital admissions. These studies have enabled 
quantifi cation of the risks of vaccination and have also shown 
where hypothesised adverse reactions have been false alarms. 
The studies have been highly infl uential in global decisions 
about the safety of MMR.

Clearly it is important to be able to investigate reactions as 
quickly as possible to prevent public concern causing a drop in 
coverage and the re-emergence of the disease.

Table 1 PHLS Record Linkage Studies
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Study [Reference] Result

MMR and Autism with regression [12] RI = 0.85 (0.45 –1 .60) within 6 months of MMR

MMR and Convulsions [6] RI=3.0  6-11 days post MMR

Risk per dose 1 in 3000

DTP and Convulsions [6] RI = 3.0  0-3 days post DTP

Risk per dose 1 in 12,500

MMR and Aseptic Meningitis [6] RI = 38.1  15-35 days  post MMR

Risk per dose 1 in 16,000 (Urabe mumps strain

only)

MMR and Bacterial Infections [11] No increased risk  6 weeks post vaccination

OPV and Intussusception [10] No increased risk 6 weeks post vaccination

Men C Vaccine and Purpura In Progress

Men C Vaccine and Convulsions In Progress

5. Conclusions

Linked data contributes to enhanced disease surveillance which 
is essential for assessing the impact of vaccination as well as 
other health interventions. The linkage of hospital admissions 
data and vaccine data along with the SCCS analysis method 
provides a rapid, cost effective and powerful tool for investigat-
ing hypothesised adverse reactions to vaccination. This system 

is currently only used in the UK but may provide 
other Countries with a relatively inexpensive method 
for assessing vaccine safety. There are clearly diffi cul-
ties with ethical approval, however investigating adverse 
events will be increasing important as diseases disap-
pear and attention is turned to these adverse events.
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