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ABSTRACT

OBJECTIVE.We sought to investigate the risk of serious neurologic disease after
immunization in early childhood.

METHODS. The results of a 3-year prospective study of children (2–35 months old) in
Britain and Ireland with encephalitis and/or severe illness with convulsions and
fever were linked to each child’s vaccine history. Cases were reported via the
British Paediatric Surveillance Unit’s network. The self-controlled case-series
method was used to investigate associations between immunization and acute
potential adverse events. The risk periods investigated were 0 to 3 and 0 to 7 days
post–diphtheria, tetanus, whole cell pertussis, Haemophilus influenzae type b or
meningococcal C conjugate vaccine and 6 to 11 and 15 to 35 days post–measles,
mumps, rubella vaccine.

RESULTS.A total of 157 disease episodes from 155 children met the analytical case
definition. There were 11 cases of herpes simplex encephalitis and 23 cases of
primary human herpesvirus 6 and/or 7 infection. There was no evidence of a
raised relative incidence of serious neurologic disease in any of the specified risk
periods with the exception of a raised relative incidence of 5.68 in the 6–11 days
after measles, mumps, rubella vaccine. Based on this relative incidence, between
3 and 6 of the 6 cases in this period were estimated to be attributable to the vaccine
with a best estimate of 5. The 6 cases all had fever with convulsions lasting �30
minutes; in all but 1, there was complete recovery by discharge from hospital. Of
the 5 patients who recovered, 1 had a concurrent primary human herpesvirus 6
infection and one a primary human herpesvirus 7.

CONCLUSIONS. Six to 11 days after measles, mumps, rubella vaccine there is an
increased risk of fever and convulsions lasting �30 minutes. All 6 of the episodes
temporally related to immunization met the criteria for complex febrile convul-
sions. The estimated attributable risk of serious neurological disease was similar to
that previously found for measles vaccine.
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IMMUNIZATION IS A very effective health interven-
tion.1–5 As immunization-preventable infectious dis-

eases and thus their serious clinical complications have
become rare, more attention has necessarily been fo-
cused on vaccine-related adverse events.

Both diphtheria, tetanus, whole cell pertussis
(DTP)/Haemophilus influenzae type b (Hib) and measles,
mumps, rubella (MMR) vaccines can induce simple
febrile convulsions in young children.6–8 Such convul-
sions are common in childhood, usually with a benign
outcome,9,10 and there is good evidence that those
occurring after MMR immunization do not increase
the risk of subsequent epilepsy compared with febrile
convulsions with other etiologies.8 Nevertheless, there
is some suggestion that very rare cases of more serious
neurologic disease, such as encephalopathic illness,
may be associated with this vaccine.11 Although asep-
tic meningitis because of the Urabe strain of mumps in
the MMR vaccine was reported, no such cases have
been identified in the United Kingdom since this par-
ticular strain was removed from the vaccine.12 If seri-
ous neurologic disease occurs after MMR immuniza-
tion, it is most likely attributable to the measles
component of the vaccine; indeed, the National Child-
hood Encephalopathy Study (NCES) conducted in the
1970s13 reported an excess of cases after measles vac-
cine compared with controls.

A prospective survey of children in Britain and Ire-
land with serious neurologic disease, that is, encephalitis
and/or severe illness with convulsions and fever, was
recently conducted to assess the contribution of human
herpesvirus 6 (HHV-6) and 7 (HHV-7) to the burden of

such illness.14 Because the data collected included each
child’s vaccine history, we were able to use the self-
controlled case-series method15 to investigate whether
there was an increased risk of vaccine-related adverse
events after immunization. The MMR vaccine is given at
�13 months of age, which coincides with the age when
status epilepticus with fever attributable to primary
HHV-6 and HHV-7 infections is most likely to occur.14

Therefore, we were especially interested to determine
the contribution of these viruses to morbidity after MMR
immunization.

METHODS

Patients

Case Ascertainment
The survey used the monthly surveillance card distrib-
uted by the British Paediatric Surveillance Unit to all
consultant pediatricians in Britain and Ireland; reporting
rate at the time was 92.7%.15 Each month between
October 1998 and September 2001, pediatricians were
requested to report all children 2 to 35 months old with
suspected encephalitis and/or severe illness with fever
and convulsions.15 Details of each child’s neurologic ill-
ness were collected from the reporting pediatrician by
using a short standard questionnaire; we also asked
whether at the time of discharge the child had fully
recovered from the episode of disease. Each question-
naire was scrutinized by a physician (Dr Ward) to deter-
mine whether the details fitted the case definition (see
Table 1); difficult cases were referred to �1 pediatrician
(Drs Ohrling, Verity, and Ross) for a final decision.

TABLE 1 Definitions of Terms Used

Onset of illness: day of hospital admission
Fever: temperature of �37.5°C; the questionnaire asked whether there was a fever and also for the maximum temperature

recorded at any site by any method
Encephalopathy: a depressed or altered level of consciousness
Case definition of serious neurologic disease: any child 2–35 mo old with a severe illness with fever and convulsions (a)

and/or encephalitis (b) was included
(a) Severe illness with fever and convulsions
(i) with a total duration of �30 min; or
(ii) followed by encephalopathy for 2–23 h; or
(iii) followed by paralysis or other neurologic signs not previously present for �24 h

(b) Encephalitis (adapted from Kolski et al16).
(i) Encephalopathy for �24 h and �2 of the following:
fever, convulsions, focal neurologic findings (�24 h), pleocytosis (�5 leukocytes per �L CSF), characteristic
abnormal results of neuroimaging (computerized tomography or MRI), herpes simplex virus nucleic acid (or nucleic
acid of any other virus proven to cause encephalitis) in CSF; or

(ii) postmortem histologic evidence of encephalitis
(c) Exclude
(i) viral (aseptic) meningitis without encephalopathy
(ii) the following confirmed causes were excluded: hypoxic/ischemic; vascular; toxic; metabolic, neoplastic, traumatic,
and pyogenic infections

(iii) uncomplicated convulsions or a series of convulsions lasting �30 min
(iv) immunocompromised children

Note that in this article, the term “convulsion” is used synonymously with “seizure.” Primary HHV-6 and HHV-7 infections were defined by using
authenticated tests,17–19 that is, viral antibody and DNA tests, to detect antibody seroconversion and DNAemia.14
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Immunization History
For those cases that met the case definition, the immu-
nization history was obtained from the child’s general
practitioner by the Immunization Department, Health
Protection Agency (HPA), Centre for Infections, London.
The history was sought sufficiently long after the event
so that immunizations given up to 1 year later were
included.

Immunization Schedules for Early Childhood

Britain
At the start of our survey in 1998, the schedule com-
prised a primary course of DTP/Hib vaccine together
with oral polio vaccine at 2, 3, and 4 months of age,
followed by MMR vaccine at 12 to 15 months of age. In
November 1999, a primary course of the meningococcal
C conjugate (MenC) vaccine was introduced for children
2, 3, and 4 months of age, with a catch-up program for
older children.5

Republic of Ireland
The schedule differed slightly from that in Britain: diph-
theria-tetanus-acellular pertussis, Hib, and oral polio
vaccines were given at 2, 4, and 6 months of age and
MMR at 12 to 15 months of age. In October 2000, a
primary course of MenC vaccine was introduced for
children 2, 4, and 6 months of age, with a catch-up
program for older children.

Statistical Analysis

Cases
All episodes of illness that met the case definition (see
above) and for which there was a sufficient vaccine
history were included in the analysis. A second episode
of illness was included as a case if the child was read-
mitted to hospital more than a month after the first.
Cases were stratified into those children aged 2 to 11
months for assessment of the risk from DTP/Hib and
MenC vaccines and those aged 12 to 35 months for
MenC vaccine, given in the catch-up campaign, and
MMR vaccine. MMR vaccine data were not required for
patients presenting in the first year of life, and DTP/Hib
vaccine data were not required for those presenting in
the second and third year of life.

Immunization Risk Periods
The periods in which fever and convulsions attributable
to the vaccine in question might be expected were 0 to 3
and 0 to 7 days for MenC and DTP5,20 and for MMR 6 to
11 days.6 Similarly 15 to 35 days after MMR vaccine was
considered a risk period for encephalitis because this is
the incubation period for postinfectious encephalitis in-
duced by wild-type measles21 and for aseptic meningitis
induced by the Urabe vaccine strain of mumps.22

Self-Controlled Case-Series Method
This statistical method23 uses data on cases only.6 In the
present study, data on episodes, that is, cases of serious
neurologic disease, in children between 2 to 35 months
of age (61–1094 days of age), and data on immunization
history were collected over a defined calendar time pe-
riod. The resulting data set consisted of the dates of
disease episodes and of vaccine administration. By using
these data for each individual, each day of age could
then be assigned as falling into a particular immuniza-
tion risk period or outside it, such as in the control
period. Similarly, each disease episode (event) fell into
either a risk or control period. This enabled us to calcu-
late person time and events within and outside the risk
periods for each individual, hence the relative incidence
in the immunization risk period compared with the con-
trol period. The effect of age was adjusted for by fitting it
as a factor in the self-controlled case-series analysis; for
the 2- to 11-month-old group, 10 sequential periods of 1
month were used, and for the 12- to 35-month-old
group, 12 sequential periods of 2 months were used. For
the older children, the analysis was also applied accord-
ing to whether or not there was coincident primary
HHV-6 and/or HHV-7 infection.

Ethics Approval
This was given by the Public Health Laboratory Service
Ethics Committee, London.

RESULTS

Number of Cases
Of the 267 episodes of serious neurologic disease re-
ported, 163 met the case definition. Because in 6 in-
stances there was an incomplete vaccination history,
only 157 cases were analyzed. These cases came from
155 children, 8 of whom were from the Republic of
Ireland and 147 from Britain; 1 child had an admission
aged under 1 year and another episode of neurologic
disease when �1 year old, and a second child had 2
episodes when �1 year old. Fifty cases were in children
aged 2 to 11 months, and 107 were in children 12 to 35
months old.

Clinical Findings

Etiology
In �90% of the cases of serious neurologic disease,
serum was available15 and was tested for primary HHV-6
and HHV-7 infection, regardless of the time from immu-
nization; in 23 cases, the illness was directly attributable
to primary HHV-6 or HHV-7 infection,14 that is, 7 chil-
dren �1 year old and 16 from the older group. There
were 9 cases (18%) of herpes simplex encephalitis in the
first year of life, and 2 (2%) in the second. No cases of
pertussis, measles, mumps, or rubella were reported.
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Short-term Outcome
Two children were dead on presentation, and an addi-
tional child died within 1 month; in none of the 3 was
either herpes simplex encephalitis or primary HHV-6 or
HHV-7 infection identified. Twenty-nine (58%) of all
cases in children 2 to 11 months old were reported to
have recovered at the time of discharge compared with
80 (75%) of the older children (P � .04, Fisher’s exact
test).

Clinical Features
Eighty-three children presented with symptoms includ-
ing encephalopathy at �24 hours. Fever was reported in
149 patients and in 135, the maximum temperature was
specified (mean: 38.8°C; range: 37.5–41). Convulsions
with fever were reported in 139 patients (120 were in
previously neurologically normal children); of the 139,
94 (68%) had seizures lasting �30 minutes, 65 (47%)
had encephalopathy lasting �24 hours, and in 113 a
cerebrospinal fluid (CSF) sample was taken (33 samples
showed pleocytosis, that is, inflammatory cells indicating
central nervous system infection). Figure 1 shows the
age distribution of all 139 patients with fever and con-
vulsions and compares the patients with CSF pleocytosis,

with the remaining 106 patients, 76 of whom had con-
vulsions lasting �30 minutes and 14 convulsions for 15
to 30 minutes. The peak incidence of the 106 cases was
in the second year of life. Fifty-two percent (17 of 33) of
patients with CSF pleocytosis were reported to have
recovered at the time of discharge compared with 79%
(84 of 106) of the remaining patients (P � .003, Fisher’s
exact test).

Immunizations and Sequelae
Forty-seven (94%) of 50 children �1 year old received 3
doses of DTP/Hib vaccine; of the 3 who had �3 doses, 1
had a single dose and 2 had 2 doses. MMR vaccine
uptake in those �1 year old was 96 (90.6%) of 106. For
the MenC vaccine, it was not possible to estimate cov-
erage because this was introduced into the immuniza-
tion program during the course of the study; of the
children �1 year old, 12 received 3 doses of MenC and
2 had 2 doses, and of the older children, 49 had a single
dose of MenC.

Table 2 shows the estimated relative incidence of
serious neurologic disease in the various specified
postimmunization periods for DTP/Hib, MenC, and
MMR vaccines. There is no evidence of a raised relative

FIGURE 1
Age distribution of the 139 confirmed patients with symptoms of both fever and convulsions: comparison of those with CSF pleocytosis with the remaining cases.
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incidence for DTP/Hib and MenC vaccines or for MMR
vaccine in the 15- to 35-day risk period. However, the
relative incidence (RI) 6 to 11 days after MMR vaccine
was raised at 5.68; the fraction of cases (RI � 1/RI)
attributable to vaccine was 82% (95% confidence inter-
val [CI]: 57%–93%), that is, between 3 and 6 of the 6
cases observed with a best estimate of 5. Because all of
the vaccine-associated cases occurred in British children,
we can estimate the vaccine-attributable risk of serious
neurologic disease after the first dose of MMR vaccine as
1 in 365 000 doses (95% CI: 1 in 1460 000 to 1 in
140 000). This is based on data for the study period: a
1-year-old population of 2.1 million (National Statistics
Office Web site; www.statistics.gov.uk/popest) and with
overall vaccine coverage at 87% (HPA Web site; www.
hpa.org.uk/cdr/archives).

Table 3 shows the clinical details of the 6 children
whose illness occurred 6 to 11 days after MMR immu-
nization. One child had concurrent primary HHV-7 in-
fection and 1 a primary HHV-6 infection. Three children
were ventilated because of seizures, and 1 of these had
not recovered fully at the time of discharge.

Table 4 compares the risk of serious neurologic dis-
ease after MMR vaccine in the presence or absence of
primary HHV-6 or HHV-7 infections and shows that the
relative incidences are similar.

DISCUSSION
In this analysis, we linked the results of a 3-year pro-
spective survey of children with serious neurologic dis-
ease, that is, encephalitis and/or severe illness with fever
and convulsions, to each child’s vaccine history to de-
termine the risk of adverse events associated with im-
munization. The primary aim of the survey was to in-
vestigate the relationship between HHV-6 or HHV-7
infections and neurologic illness.14 No mention was
made in the reporting instructions for pediatricians of
the secondary aim of linkage with vaccine histories as
described above, thus excluding any bias toward immu-
nization. The coverages for DTP/Hib and MMR vaccines
were 95.9% and 90.6%, respectively, which is similar to

vaccine coverage data for 1998 to 2001 (HPA Web site,
www.hpa.org.uk/cdr/archives).

The majority of our patients had convulsions with
fever (in more than half, the seizures lasted �30 min-
utes), most recovered fully, and in about three quarters
of patients, there was no evidence of inflammatory cells
in the CSF, all of which is suggestive of febrile convul-
sions rather than encephalitis. Indeed, 23 of our pa-
tients, a significant proportion, had primary HHV-6 or
HHV-7 infection, both of which are well-established
causes of febrile convulsions.24,25 Moreover, the peak
incidence of our cases without CSF pleocytosis was in
the second year of life, with an age distribution (Fig 1)
the same as that of febrile convulsions, which occur
mainly between the ages of 6 months and 3 years, peak-
ing at around 18 months.26

Febrile convulsions may be simple or complex and are
defined as “An epileptic seizure occurring in childhood
after age 1 month, associated with a febrile illness not
caused by an infection of the CNS, without previous
neonatal seizures or a previous unprovoked seizure, and
not meeting the criteria for other acute symptomatic
seizures.”27 Between 2% and 4% of all children in Eu-
rope and the United States experience �1 convulsion
associated with a febrile illness before the age of 5 years.
Of children who have febrile convulsions, 25% have
complex febrile convulsions (as opposed to less severe or
simple febrile convulsions); these have �1 of the follow-
ing characteristics: �15 minutes duration, �1 convul-
sion in 24 hours, or a convulsion with focal features.28

Thus, many of our patients met the criteria for com-
plex febrile convulsions and fell within our definition of
severe illness with fever and convulsions rather than
that of encephalitis. This impression is confirmed by a
recent report that about half of the episodes of status
epilepticus in previously neurologically normal British
children 0 to 4 years old were in fact complex febrile
convulsions lasting �30 minutes.29 Nevertheless, it may
be impossible in an ill child with fever and convulsions
to exclude viral encephalitis, even if there are no inflam-
matory cells in the CSF. This distinction was especially
difficult for the children with primary HHV-6 or HHV-7
infections in whom viral DNA is sometimes detected by
polymerase chain reaction in the CSF,24,25 despite a clin-
ical diagnosis of febrile convulsions and where recovery
is the norm. An additional difficulty in excluding en-
cephalitis was encountered because the management of
complex febrile convulsions may include drug therapy
and sedation for ventilation, both of which may result in
a depressed level of consciousness without there being
underlying intracerebral pathology. It was therefore de-
cided to include all our cases in the single category of
serious neurologic disease.

As regards MMR vaccine, we found no evidence of a
raised relative incidence of serious neurologic disease 15
to 35 days after immunization. In contrast, we identified

TABLE 2 Relative Incidence of Severe Neurologic Disease in Various
Specified Postimmunization Risk Periods

Age and
Vaccine Given

Risk Period
Days

No. of Cases
in Period

Relative Incidence
(95% CI)

2–11 mo
DTP/Hib 0–3 0 0.00 (0.00–1.92)

0–7 2 0.97 (0.22–4.30)
MenC 0–3 0 0.00 (0.00–25.5)

0–7 0 0.00 (0.00–1.70)
12–35 mo
MMR 6–11 6 5.68 (2.31–13.97)

15–35 5 1.34 (0.52–3.47)
MenC 0–3 0 0.00 (0.00–7.92)

0–7 1 1.28 (0.17–9.75)
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6 cases that arose 6 to 11 days after MMR vaccine; all
had convulsions for �30 minutes with fever and all met
the criteria for complex febrile convulsions. The raised
relative incidence of serious neurologic disease in this
period was 5.68 above background which is similar to
the previous estimates of 2 to 4 times background for the
more common simple rather than complex febrile con-
vulsions.6–8,12 Five (95% CI: 3–6) of 6 cases observed
were estimated as attributable to MMR vaccine. Three
children received MenC vaccine at the same time, but
there is no reason to suppose that this latter vaccine
contributed to the illness because the expected time
course of reactions to MenC vaccine would be earlier,
that is, maximal within the first 3 days.5 Two of 6 pa-
tients had coincident infections, a primary HHV-6 and a
primary HHV-7, both of which are common causes of
febrile convulsions and are known to increase the risk of
severe illness with fever and convulsions in young chil-
dren by 7- to 10-fold, especially at the age when MMR
vaccine is given.14 Five of 6 children, including the 2
with primary HHV-6 or HHV-7 infection, were reported
as recovered on discharge from hospital, but the child
who had the longest inpatient stay was not fully recov-
ered at this time. The natural history of febrile convul-
sions is generally benign,9,10 even if the convulsions last
�30 minutes30,31 and perhaps, therefore, this child had
some other explanation for its illness. The data available
to us do not allow us to conclude whether or not there
was a causal relationship between MMR immunization
and the outcome in this child who did not recover by the
time of discharge from hospital.

Our case definition was derived from that of the
NCES, a prospective study of children 2 to 35 months old
in England, Scotland, and Wales from 1976 to 1979,13

but which encompassed a narrower spectrum of disease.
Thus, the NCES case definition included severe illness
with fever and convulsions and encephalitis but also
encephalopathy, epilepsy, Reye’s syndrome, and infan-
tile spasms. In both our survey and that of the NCES,
acceptance of the case definition was based on the his-
tory and physical examination as recorded on a short
standard questionnaire. Approximately 60% of the
NCES patients had encephalitis and/or severe illnessTA
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TABLE 4 Relative Incidence of Severe Neurologic Disease in
Specified Prevaccination and Postvaccination Risk Periods
for MMR Vaccine: Comparison in the Presence or Absence
of Concurrent Primary HHV-6 or HHV-7 Infection

Concurrent Primary
HHV-6 or HHV-7

Infection

Risk Period
Days

No. of Cases
in Period

Relative Incidence
(95% CI)

No 6–11 4 5.80 (1.98–16.99)
15–35 4 1.52 (0.52–4.41)

Yes 6–11 2 5.55 (1.12–27.63)
15–35 1 0.86 (0.10–7.23)
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with fever and convulsions13 and as with our patients,
over half of this subset consisted of complex febrile
convulsions. The NCES reported a relative risk of serious
neurologic illness of 3.9 in previously neurologically
normal children admitted to the hospital 7 to 14 days
after measles vaccine, all of whom fell within the defi-
nition of encephalitis and/or severe illness with fever
and convulsions and notably had a normal outcome in
both the short13 and longer term.32 In our survey, we
observed a raised relative incidence of 5.68 of serious
neurologic disease in children admitted to hospital 6 to
11 days after MMR vaccine, all of whom had fever with
convulsions �30 minutes. Therefore, the outcome of the
2 studies was very similar and, although the difference
between the 2 relative incidences is not significant, our
slightly higher value may reflect the greater specificity of
our case definition for vaccine-attributable events.

It seems likely that the number of cases we collected
in the 3 years of our survey was an underestimate be-
cause many more cases of encephalitis and/or fever with
convulsions were accrued by the NCES in the same
length of time.13 Measles, mumps, rubella, and pertussis
were common childhood illnesses when the NCES was
conducted but have almost disappeared from Western
countries in the last 20 years because of effective immu-
nization programs resulting, as reported from Finland, in
fewer cases of encephalitis.33 However, this change does
not explain the discrepancy between the NCES and our
survey; even when the above infectious diseases are
excluded from the NCES data, there remain �3.3 times
more cases. Furthermore, this impression is confirmed
on analysis of Hospital Episode statistics for England
from 1998 to 2001, because the number of children aged
1 to 35 months admitted to hospital with encephalopa-
thy/encephalitis from 1998 to 2001 is �2.9 times more
than the number we identified (data not shown). This
threefold underascertainment of cases means that our
estimated attributable risk of serious neurologic disease
of 1 in 365 000 doses of MMR vaccine is in fact closer to
1 in 100 000, similar to the NCES value of 1 in 87 000
doses of measles vaccine.

Others have investigated the relationship between
MMR vaccine and encephalitis or encephalopathy by
using large linkage databases. A record-linkage study in
Finland34 of over half a million children aged between 1
and 7 years found no evidence of a risk of developing
encephalitis compared with background rates. The risk
period investigated was broad being within 3 months of
MMR vaccine. More recently, a retrospective case-con-
trol study of encephalopathy using health maintenance
organizations found an odds ratio of 0.40 within 7 to 14
days of MMR vaccine for cases compared with controls.35

This lack of identification of adverse events contrasts
with the findings of our survey and that of the NCES.
The difference probably results from the inclusion not
only of encephalitis/encephalopathy but also severe ill-

ness with fever and convulsions consisting mainly of
complex febrile convulsions in both the present survey
and the NCES.

Finally, it should be noted that we found no evidence
of an increased relative incidence of serious neurologic
disease with DTP/Hib vaccination given at 2, 3, and 4
months of age. This differs from the findings of the
NCES, set up in response to concerns about pertussis
vaccine and neurologic disease and which reported a
relative risk of 3.0 within 3 days of DTP vaccine. At the
time of the NCES, the DTP vaccine schedule was 3, 5,
and 10 months. Farrington et al6 found a raised relative
incidence for convulsions limited to the third dose of
DTP vaccine. During the course of their study, the timing
of DTP immunization was changed in 1990 to an accel-
erated schedule at 2, 3, and 4 months, and comparison
with the previously used schedule showed a fourfold
decrease in febrile convulsions. On the basis of this ob-
servation, the authors6 suggested that the raised inci-
dence after the third dose of DTP vaccine was probably
because of immunization at the late age of 10 months
and that the risk of a simple febrile convulsion would be
remote if the DTP vaccine schedule was completed by 4
months; our findings confirm this for complex febrile
convulsions.

CONCLUSIONS
We have investigated the risk of severe neurologic dis-
ease after immunization by relating the results of a pro-
spective survey of such illness to the patient’s vaccine
history. There was no evidence of a risk after DTP/Hib or
MenC vaccines or 15 to 35 days after MMR vaccine.
However, 6 to 11 days after MMR vaccine, we identified
a raised relative incidence of adverse events because of
children having attacks meeting the criteria for complex
febrile convulsions. Our findings are comparable to
those of the NCES; in that study, the estimated attribut-
able risk of serious neurologic disease for measles vac-
cine was similar to that found by us for MMR vaccine.

ACKNOWLEDGMENTS
We thank the Wellcome Trust for generous funding
(project grant 051350/Z; to Dr Ward). Dr Ward is the
guarantor for the article.

We thank the British Paediatric Surveillance Unit for
invaluable assistance and access to its network in Britain
and the Republic of Ireland. We also thank the many
pediatricians, microbiologists, and virologists who took
time and trouble to send reports and specimens in sup-
port of the survey, Gloria Charter for excellent assistance
as data coordinator for the survey, and Joan Vurdien for
invaluable help in the collection of immunization histo-
ries.

REFERENCES
1. Fenner F, Henderson DA, Arita I, et al. Smallpox and Its Eradi-

cation. Geneva, Switzerland: World Health Organization; 1988

320 WARD et al
 at University of Sydney on September 4, 2014pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


2. Aylward RB, Sutter RW, Heymann DL. Policy. OPV cessation:
the final step to a “polio-free” world. Science. 2005;310:625–626

3. Health Protection Agency. Protecting the health of England’s
children: the benefit of vaccines—first national report on the
current status of the universal vaccine programmes from the
Centre for Infections, 2005. Available at: www.hpa.org.uk/
publications/PublicationDisplay.asp?PublicationID�8. Accessed
June 6, 2007

4. Adams WG, Deaver KA, Cochi SL, et al. Decline of childhood
Haemophilus influenzae type b (Hib) disease in the Hib vaccine
era. JAMA. 1993;269:221–226

5. Miller E, Salisbury D, Ramsay M. Planning, registration, and
implementation of an immunisation campaign against menin-
gococcal serogroup C disease in the UK: a success story. Vaccine.
2002;20(suppl 1):S58–S67

6. Farrington P, Pugh S, Colville A, et al. A new method for active
surveillance of adverse events from diphtheria/tetanus/
pertussis and measles/mumps/rubella vaccines. Lancet. 1995;
345:567–569

7. Barlow WE, Davis RL, Glasser JW, et al. The risk of seizures
after receipt of whole-cell pertussis or measles, mumps, and
rubella vaccine. N Engl J Med. 2001;345:656–661

8. Vestergaard M, Hviid A, Madsen KM, et al. MMR vaccination
and febrile seizures: evaluation of susceptible subgroups and
long-term prognosis. JAMA. 2004;292:351–357

9. Ellenberg JH, Nelson KB. Febrile seizures and later intellectual
performance. Arch Neurol. 1978;35:17–21

10. Verity CM, Greenwood R, Golding J. Long-term intellectual
and behavioral outcomes of children with febrile convulsions.
N Engl J Med. 1998;338:1723–1728

11. Weibel RE, Caserta V, Benor DE, Evans G. Acute encephalop-
athy followed by permanent brain injury or death associated
with further attenuated measles vaccines: a review of claims
submitted to the National Vaccine Injury Compensation Pro-
gram. Pediatrics. 1998;101:383–387

12. Miller E, Andrews N, Stowe J, et al. The risk of convulsions and
aseptic meningitis after MMR vaccination in the UK. Am J
Epidemiology. 2007;165:704–709

13. Alderslade R, Bellman MH, Rawson NSB, et al. The National
Childhood Encephalopathy Study: A Report on 1000 Cases of Serious
Neurological Disorders in Infants and Young Children From the
NCES Research Team. Whooping Cough: Reports From the Committee
on Safety of Medicines and the Joint Committee on Vaccination and
Immunisation. London, United Kingdom: Her Majesty’s Statio-
nery Office, 1981:79–169

14. Ward KN, Andrews NJ, Verity CM, Miller E, Ross EM. Human
herpesviruses-6 and -7 each cause significant neurological
morbidity in Britain and Ireland. Arch Dis Child. 2005;90:
619–623

15. British Paediatric Surveillance Unit. 16th Annual Report. 2002.
Available at: www.rcpch.ac.uk/Publications/Publications-list-
by-title. Accessed June 6, 2007

16. Kolski H, Ford-Jones EL, Richardson S, et al. Etiology of acute
childhood encephalitis at the Hospital for Sick Children, To-
ronto, 1994–1995. Clin Infect Dis. 1998;26:398–409

17. Ward KN, Gray JJ, Fotheringham MW, Sheldon MJ. IgG anti-
bodies to human herpesvirus-6 in young children: changes in

avidity of antibody correlate with time after infection. J Med
Virol. 1993;39:131–138

18. Ward KN, Turner DJ, Couto Parada X, Thiruchelvam AD. Use
of immunoglobulin G antibody avidity for differentiation of
primary human herpesvirus 6 and 7 infections. J Clin Microbiol.
2001;39:959–963

19. Ward KN, Couto Parada X, Passas J, Thiruchelvam AD. Eval-
uation of specificity and sensitivity of indirect immunofluores-
cence tests for IgG to human herpesviruses-6 and -7. J Virol
Methods. 2002;106:107–113

20. Miller DL, Ross EM, Alderslade R, Bellman MH, Rawson NS.
Pertussis immunisation and serious acute neurological illness
in children. Br Med J (Clin Res Ed). 1981;282:1595–1599

21. Perry RT, Halsey NA. The clinical significance of measles: a
review. J Infect Dis. 2004;189(suppl 1):S4–S16

22. Miller E, Goldacre M, Pugh S, et al. Risk of aseptic meningitis
after measles, mumps, and rubella vaccine in UK children.
Lancet. 1993;341(8851):979–982

23. Whitaker HJ, Farrington CP, Spiessens B, Musonda P. Tutorial
In biostatistics: the self-controlled case series method. Stat Med.
2006;25:1768–1797

24. Hall CB, Long CE, Schnabel KC, et al. Human herpesvirus-6
infection in children: a prospective study of complications and
reactivation. N Engl J Med. 1994;331:432–438

25. Caserta MT, Hall CB, Schnabel K, et al. Primary human her-
pesvirus 7 infection: a comparison of human herpesvirus 7 and
human herpesvirus 6 infections in children. J Pediatr. 1998;
133:386–389

26. Hauser WA. The prevalence and incidence of convulsive dis-
orders in children. Epilepsia. 1994;35(suppl 2):S1–S6

27. Commission on Epidemiology and Prognosis, International
League Against Epilepsy. Guidelines for epidemiologic studies
on epilepsy. Epilepsia. 1993;34:592–596

28. Nelson KB, Ellenberg JH. Prognosis in children with febrile
seizures. Pediatrics. 1978;61:720–727

29. Chin RFM, Neville BGR, Peckham C, et al. Incidence, cause,
and short-term outcome of convulsive status epilepticus in
childhood: prospective population-based study. Lancet. 2006;
368:222–229

30. Verity CM, Ross EM, Golding J. Outcome of childhood status
epilepticus and lengthy febrile convulsions: findings of national
cohort study. BMJ. 1993;307:225–228

31. Shinnar S, Pellock JM, Berg AT, et al. Short-term outcomes of
children with febrile status epilepticus. Epilepsia. 2001;42:
47–53

32. Miller D, Wadsworth J, Diamond J, Ross E. Measles vaccina-
tion and neurological events. Lancet. 1997;349:730–731

33. Koskiniemi M, Vaheri A. Effect of measles, mumps, rubella
vaccination on pattern of encephalitis in children. Lancet. 1989;
1(8628):31–34

34. Makela A, Nuorti JP, Peltola H. Neurologic disorders after
measles-mumps-rubella vaccination. Pediatrics. 2002;110:
957–963

35. Ray P, Hayward J, Michelson D, et al. Encephalopathy after
whole-cell pertussis or measles vaccination. Lack of evidence
for a causal association in a retrospective case-control study.
Pediatr Infect Dis J. 2006;25:768–733

PEDIATRICS Volume 120, Number 2, August 2007 321
 at University of Sydney on September 4, 2014pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


DOI: 10.1542/peds.2006-3743
 2007;120;314Pediatrics

Ohrling, Christopher M. Verity, Euan M. Ross and Elizabeth Miller
Katherine N. Ward, Naomi J. Bryant, Nick J. Andrews, Jennifer S. Bowley, Anu

Britain and Ireland
Risk of Serious Neurologic Disease After Immunization of Young Children in

 
 

 Services
Updated Information &

 ml
http://pediatrics.aappublications.org/content/120/2/314.full.ht
including high resolution figures, can be found at:

References

 ml#ref-list-1
http://pediatrics.aappublications.org/content/120/2/314.full.ht
at:
This article cites 31 articles, 9 of which can be accessed free

Citations

 ml#related-urls
http://pediatrics.aappublications.org/content/120/2/314.full.ht
This article has been cited by 5 HighWire-hosted articles:

Subspecialty Collections

 munization_sub
http://pediatrics.aappublications.org/cgi/collection/vaccine:im
Vaccine/Immunization

 diseases_sub
http://pediatrics.aappublications.org/cgi/collection/infectious_
Infectious Diseases
the following collection(s):
This article, along with others on similar topics, appears in

Permissions & Licensing

 ml
http://pediatrics.aappublications.org/site/misc/Permissions.xht
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://pediatrics.aappublications.org/site/misc/reprints.xhtml

Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.
Grove Village, Illinois, 60007. Copyright © 2007 by the American Academy of Pediatrics. All 
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
publication, it has been published continuously since 1948. PEDIATRICS is owned, published, 
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly

 at University of Sydney on September 4, 2014pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/content/120/2/314.full.html
http://pediatrics.aappublications.org/content/120/2/314.full.html
http://pediatrics.aappublications.org/content/120/2/314.full.html#ref-list-1
http://pediatrics.aappublications.org/content/120/2/314.full.html#ref-list-1
http://pediatrics.aappublications.org/content/120/2/314.full.html#related-urls
http://pediatrics.aappublications.org/content/120/2/314.full.html#related-urls
http://pediatrics.aappublications.org/cgi/collection/infectious_diseases_sub
http://pediatrics.aappublications.org/cgi/collection/infectious_diseases_sub
http://pediatrics.aappublications.org/cgi/collection/vaccine:immunization_sub
http://pediatrics.aappublications.org/cgi/collection/vaccine:immunization_sub
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/reprints.xhtml
http://pediatrics.aappublications.org/

