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Risk of

aseptic meningitis after measles, mumps,and
rubella vaccine in UK children

aseptic meningitis associated with
measles/mumps/rubella vaccine were sought in
thirteen UK health districts following a reported
cluster in Nottingham which suggested a risk of 1 in
4000 doses, substantially higher than previous
estimates based on cases reported by paediatricians
(4 per million). Cases were ascertained by obtaining
vaccination records of children with aseptic
meningitis diagnosed from cerebrospinal fluid
samples submitted to Public Health Laboratories or
discharged from hospital with a diagnosis of viral
meningitis. Both methods identified vaccination
15-35 days before onset as a significant risk factor
Cases of

and therefore indicative of a causal association. With
both, half the aseptic meningitis cases identified in
children aged 12-24 months were vaccineassociated with onset 15-35 days after vaccine.
The study confirmed that the true risk was
substantially higher than suggested by case reports
from paediatricians, probably about 1 in 11 000
doses. However, the possibility that the aseptic
meningitis induced by vaccination was largely
asymptomatic and a chance laboratory finding in
children investigated for other clinical conditions,
particularly febrile convulsions, could not be
excluded.
Comparison of national reports of virus-positive
mumps meningitis cases before and after the
introduction of this vaccine indicated that the risk
from wild mumps was about 4-fold higher than from
vaccine. Altogether, 28 vaccine-associated cases
in recipients of vaccines
were identified, all
the
Urabe
mumps strain. The absence of
containing
cases in recipients of vaccine containing the Jeryl
Lynn strain, despite its 14% market share, suggested
a higher risk from Urabe vaccine.
A prospective adverse event surveillance system
using the study methods is currently being
established to assess the risk, if any, from the Jeryl

Lynn strain which is
used in the UK.
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mumps vaccine

much higher.2,3 This disparity may be due in part to
differences in the methods used to ascertain and define cases
but may also reflect differences in the neurotropism of
vaccine virus strains or in host susceptibility.
To assess the risk in the UK, where both Urabe and Jeryl
Lynn strains have been used, paediatricians were asked to
report to the British Paediatric Surveillance Unit (BPSU) all
confirmed and suspected cases diagnosed during 1990-91.
The risk based on confirmed cases was estimated to be 4 per
million doses distributed; all were in Urabe vaccine
recipients.6 However, data from one district, based on 2
confirmed and 4 suspected cases identified by Nottingham
Public Health Laboratory, suggested a much higher risk,
about 1 in 4000 doses.7 To investigate whether the risk
observed in Nottingham was atypical or indicative of
substantial under-reporting elsewhere, cases were actively
sought in thirteen other districts by obtaining vaccination
histories for children with laboratory evidence or a hospital
discharge diagnosis of aseptic meningitis. In addition,
national reports of virus positive mumps meningitis cases
before and after the introduction of the combined measles,
mumps, and rubella (abbreviated generically to MMR here)
vaccine were compared. The findings have been used to
assess the true risk of vaccine-associated meningitis in the
UK and the risk from vaccine relative to wild mumps virus.

Methods

Laboratory study
CSF samples sent to Ashford, Chelmsford, Leicester, or Preston
Public Health Laboratories (PHL) from children aged 12-24
months, without a CSF shunt, who had been admitted to hospitals
exclusively within the catchment areas of those laboratories were
identified retrospectively for a period of at least 2 years after the
introduction of MMR vaccine. Second episodes in the same child
were included. CSF samples from children resident in the
Nottingham health district were identified as previously described.7
Samples with < 5 leucocytes/pL corrected for red blood cells and
with no bacterial isolate were considered normal. Lymphocytic
samples (5leucocytesj ilL, predominantly lymphocytes with no
bacterial isolate) were considered indicative of aseptic meningitis.
Dates of MMR vaccination and batch numbers were sought for all
study children from health authority and general practice records.
The temporal association with vaccination was investigated by
survival methods8 with interval from vaccination as a timedependent variable. Aseptic meningitis 15-35 days after vaccine
was defined as vaccine-associated. Denominator information on the
number of doses and types of MMR vaccine given in the study

Introduction

Aseptic meningitis is a well-recognised complication of
mumps vaccine’ typically occurring 2-4 weeks after
immunisation and resolving without sequelae. The
diagnosis can be confirmed in about one-third of temporally
associated cases by isolating mumps virus from
cerebrospinal fluid (CSF).2.3 North American studies have
shown

a

risk of between 0-4 and 10 per million doses4,5

although work from Japan suggests that the true risk may be
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TABLE I-CSF SAMPLES FROM 432* CHILDREN AGED 12-24 MONTHS SUBMITTED TO FIVE PHLS LABORATORIES

I

*8 children had

a

second illness

resulting

1

1

in lumbar puncture.

districts was obtained from official statistics9 and health authority
records. Proportions were compared by Fisher’s exact test (twotailed) and lymphocyte counts were compared by the Mann-

Whitney test.

Hospital study
Statistical records of children aged under 6 years discharged from
hospitals in the eight districts in the Oxford region between
October, 1988, and December, 1991, with a diagnosis of aseptic
meningitis were identified in hospital systems on ICD codes 072-1
(mumps meningitis), 047 (aseptic meningitis), or 321 (meningitis
due to unspecified viruses) and then linked to immunisation data
held in child health systems. Evidence of temporal clustering after
vaccination was sought and denominator data were obtained, as
described above.

National reports
All children aged 12-24 months with mumps virus isolated from
CSF and reported to the PHLS Communicable Disease
Surveillance Centre (CDSC) by a laboratory in England and Wales
between January, 1980, and September, 1992, were identified and
MMR vaccination histories sought for those diagnosed since
January, 1989. The incidence of natural mumps in children aged
12-24 months before the introduction of vaccination was estimated
from age-specific antibody prevalence data in a national serological
survey during 1987.&deg; The number of doses of MMR vaccine given
in England and Wales to children aged 12-24 months was estimated
from official statistics and the national distribution of Urabe and
Jeryl Lynn containing vaccines was obtained from the Department
of Health.

Results

Laboratory study
440 CSF samples from 432 children aged 12-24 months
admitted to district hospitals were identified by the five
laboratories during the study period; 348 samples (79%)
were normal (table I). The lumbar puncture rate per 10 000
children was significantly higher in Nottingham and
Leicester, the two laboratories serving teaching hospitals
(p < 0-001), largely because of 2-fold higher rates for normal
CSF; there was no significant difference in the rates for
aseptic and bacterial meningitis. MMR vaccination histories
were obtained for 418 (97 %) children; of the 380 (91 %) who
were vaccinated, 303 had received Urabe and 62 Jeryl Lynn
vaccine (15 strain not known). The proportion of Urabe
recipients among study children (83%) was similar to the
proportion of Urabe vaccine distributed in the study
districts (81 %).
Vaccination histories were obtained for all 32 children
with laboratory evidence of aseptic meningitis. Of the 27
vaccinated before 24 months of age, 13 (48%) had received
Urabe vaccine 15-35 days before lumbar puncture.
Vaccination in this period was a significant risk factor
(p < 0-001). The median interval to onset was 23 days (range
18-34). Mumps virus was isolated in 2 Nottingham and 2

Leicester cases; no other viruses were isolated. The median

lymphocyte count in the 9 virus-negative vaccine-associated
cases was 225 (range 16-800) compared with 10-5 (range
5-1250)/pL in non-vaccine-associated cases (p < 0,001). All
13 vaccine-associated cases presented with a febrile
convulsion usually accompanied by vomiting, drowsiness,
or irritability; only 2 had meningism and none had parotitis.
The risk of vaccine-associated aseptic meningitis per
10 000 doses of vaccine (table II) was higher in Nottingham
than in the other four laboratories-2-6 and 0-95,
respectively, for all vaccine types and 3-2 and 1-2 for Urabe
vaccines-though these differences were not significant
(p = 0-09 for both comparisons). The difference in risk
between Urabe and Jeryl Lynn vaccines (13/78 300 and
0/18400 doses) was not significant (p=0-15), but a
substantial risk difference cannot be excluded in view of the
low study power.
Among children with normal CSF, 13 (5%) of the 275
vaccinated before 24 months of age had a lumbar puncture
6-11 days after vaccination, the expected time of onset of
convulsions attributable to the measles component of the
vaccine.ll Vaccination in this period was a significant risk
factor (p = 0&deg;021) for first episodes. The risk per 10000
doses of vaccine was 0-88 in Nottingham and 1elsewhere
(p 0-75). 1 of the 13 vaccine-associated cases had received
Jeryl Lynn vaccine.
12 of the children with normal CSF had a lumbar
puncture 15-35 days after vaccination, about half the
number expected on the basis of the rate of occurrence of
such episodes in the control period. When cases with normal
and lymphocytic CSF in the 15-35 day post-vaccination
period were combined, there was no evidence of a significant
excess of events relative to the control period (p
0-6)
=

=

Hospital study
10 children aged 12-24 months with a discharge diagnosis
of viral meningitis were identified in the Oxford region and
their vaccination status ascertained. 9 had received MMR
vaccine by 24 months of age of whom 5 (56%) were
TABLE II-RISK OF VACCINE-ASSOCIATED ASEPTIC MENINGITIS
IN VACCINATED CHILDREN AGED 12-24 MONTHS

*All

cases

in this penod

were in

Urabe vaccine

recipients.
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TABLE III-FREQUENCY OF VACCINE-ASSOCIATED ASEPTIC
MENINGITIS IN VACCINATED CHILDREN AGED 12-24 MONTHS
ACCORDING TO SOURCE AND CASE DEFINITION

difference in the likelihood of conducting lumbar punctures
in recently vaccinated children.
The findings of the laboratory study were supported by
the hospital study. In both, half the aseptic meningitis cases
in vaccinated children aged 12-24 months were vaccineassociated and most had not previously been recognised as
such. The lower risk estimated from hospital discharge data
may reflect imprecision in ICD coding and suggests that
more complete ascertainment of cases would require the
selection of a wider range of ICD codes and study of hospital
notes.

*Includes 5

cases

also identified in

admitted 15-35

laboratory and hospital studies

days after

vaccination

(significant

risk

factor, p 0-003). The estimated risk per 100 000 doses was
47 (95% CI 0-8-8). Mumps virus, identified as Urabe-like
by nucleotide sequencing,12 was isolated from the CSF in 1
child; 3 others had received a Urabe-containing vaccine
(vaccine type in the remaining child was not known).
=

National reports
19 children aged 12-24 months with
virus
isolated
from CSF were reported to CDSC,
mumps
an
estimated
risk
giving
per 100 000 cases of wild mumps in
this age group of 2-7. During January, 1989, to September,
1992, 18 children aged 12-24 months were reported of
whom 16 had been vaccinated 15-35 days before onset
(median interval to sample 21 days, range 17-33), giving an
estimated risk per 100 000 doses in this age group of 0-7
(95% CI 036-10). All had received a Urabe vaccine as
evidenced by the batch number and/or strain characterised
by nucleotide sequencing. The proportion of Urabe cases
(16/16) is not significantly different from that expected on
the basis of UK vaccine distribution figures (86 %) (p 0 -18;
2 x one-tail binomial
An excess of males was
found both among vaccine-associated (10/16)andwild cases
(12/18; 1 sex not known).
The different estimates of the risk of vaccine-associated

During 1980-87,

=

probability).

aseptic meningitis

(expressed

as

frequencies)

are

summarised in table III, according to source and case
definition. Combining all cases of known vaccine type from
the various sources, a total of 28/28 were identified in Urabe
recipients, a higher proportion than expected from the
national share (p 0-03).
=

Discussion
The active ascertainment methods used in the five study
laboratories identified 13 cases of vaccine-associated aseptic
meningitis in children aged 1-2 years. Although mumps
virus was identified in only one-third, the characteristically

high lymphocyte counts in the remainder, together with the
significantly increased risk 15-35 days after vaccination,
provides evidence in favour of causal association. The study
therefore confirms that the risk of aseptic meningitis after
MMR vaccine is substantially higher than previously
supposed in the UK. The risk estimate of 1 per 11 000 doses,
based on the results from four independent laboratories,
shows that the cases reported by Nottingham PHL were not
a chance cluster. The slightly higher risk found in
Nottingham than elsewhere may reflect local policy
differences in investigating children presenting with a
convulsion but no meningism, as evidenced by the higher
lumbar puncture rates in the two districts with teaching
hospitals. However, the risk of adverse neurological events
associated with the measles component of MMR vaccine
was not higher in Nottingham, suggesting no major

The risk estimate for virus-positive cases based on
national reports was the lowest and is consistent with the
incomplete reporting to CD SC, especially by laboratories in
the London area. Comparison with national reports before
the introduction of vaccination indicated a risk of viruspositive meningitis from vaccine relative to wild mumps of
about 1 to 4. However, this comparison may overestimate
the neurotropism of vaccine virus because of the greater
likelihood of a lumbar puncture being done in vaccineattributable cases. Children with wild mumps meningitis,
unlike vaccine-associated meningitis, will usually have
parotitis, permitting diagnosis on clinical grounds alone.
Both vaccine-attributable and wild cases showed a 2-fold
excess in males, confirming other observations2&deg;3 and
suggesting that host factors influence neurotropism.
Lymphocytic CSF without clinical evidence of
meningitis has been reported in over 80% of children
infected with wild mumps virus13 and it has been suggested
that this frequently happens with vaccine virus, the
laboratory diagnosis of aseptic meningitis being made by
chance if the child has a lumbar puncture for other clinical
reasons in the 15-35 day post-vaccination period.14 If the
aseptic meningitis induced by the vaccine is largely
asymptomatic, no overall excess of neurological events
should be found in this time period. Our observation that
the excess of lymphocytic CSF 15-35 days after vaccination
was compensated by a deficit of normal CSF is consistent
with this prediction. A further study to test this hypothesis is
now

underway.

The absence of proven cases of meningitis associated with
Jeryl-Lynn-containing vaccine in our investigation,
together with the low risk of vaccine-associated meningitis
reported in countries exclusively using this strain, led to the
decision to replace Urabe with Jeryl Lynn vaccine in the
UK.15 However, neither the laboratory study nor the
analysis of CDSC reports showed a significantly higher risk
of meningitis after Urabe than Jeryl Lynn vaccines. The
absence of cases in Jeryl Lynn recipients was consistent with
the low market share of this vaccine in the UK. Although
evidence of a significant difference in risk between vaccines
emerged when confirmed and suspected cases ascertained
from all sources were combined, this finding should be
interpreted with caution because of the different methods
and case definitions used. The risk reported in the US with
Jeryl Lynn vaccine of 1 per million doses4 should not be
compared with the risks for Urabe vaccine found in our
study because of the different methods used to ascertain
cases. The true relative risk of meningitis from Urabe as
compared with Jeryl Lynn vaccine remains uncertain.
However, the reported reduction in vaccine-associated
aseptic meningitis in Canada which followed the change
from Urabe to Jeryl Lynn-containing MMR vaccine in
1989 supports the recent UK decision.16
National decisions about which MMR vaccine to use
must take account of relative immunogenicity as well as
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safety.l’

Immediate seroconversion

component

are

rates to

the mumps

generally higher (about 4%)

with Urabe

than with Jeryl Lynn17 but comparative data on longer-term
antibody persistence and protective efficacy are lacking. The
relative immunogenicity of the different measles
components of Urabe and Jeryl Lynn-containing vaccines
must also be considered. A serological follow-up of a cohort
of children who received Urabe and Jeryl Lynn containing
MMR vaccines in 1988, before the launch of the national
programme in the UK,11 is in progress and a similar study is
underway in Canada. Information on the relative risk of
other adverse events, such as idiopathic thrombocytopenic
purpura,18 is also required for a full assessment of the relative
merits of different MMR vaccines.
The study demonstrates the importance of using active
case ascertainment methods for adverse event surveillance.
Although audit of the reporting system operated through
the British Paediatric Surveillance Unit has shown high
levels of case ascertainment for other disorders (S. M. Hall,
personal communication), reporting of vaccine-associated
meningitis cases was incomplete, probably due to failure to
inquire routinely about the date of vaccination in children
with relevant symptoms. Development of an adverse event
surveillance system which allows automatic linkage of
vaccination records held on local child health computer
hospital discharge data is being
systems with
explored and extension of the laboratory-based system is in
progress. Following the decision to change to Jeryl Lynncontaining vaccine in the UK, these systems will allow the
risk of meningitis associated with this mumps strain to be
assessed.
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Recessive inheritance of von Willebrand’s disease

type I

The inheritance of type I von Willebrand’s disease
thought to be autosomally dominant. The
laboratory profile may, however, vary between
affected people, even within a single family. There is
also a large variation in the severity of clinical
symptoms. To see if there is an association between
the von Willebrand factor genotype, the laboratory
profile, and the severity of the clinical symptoms we
did a genetic analysis of four families with type I von
Willebrand’s disease.
The proband of each family proved to be a
compound heterozygote for defects in the von
Willebrand factor gene. Simple heterozygotes in
these families were either symptomless or only mildly
affected. One of the identified mutations, which was
shared by the probands of three of the four families,
may have a carrier prevalence of 1:50 in the general
is

population.
These results suggest that the inheritance of von
Willebrand’s disease is often recessive rather than

dominant and so have important
diagnosis and genetic counselling.

implications for

Introduction
Von Willebrand’s disease (vWD) is the most common
hereditary bleeding disorder, and results from a qualitative
or quantitative defect in the von Willebrand factor (vWF).
The vWF is a multimeric plasma protein2 that is required
for normal primary haemostasis since it mediates the
adhesion and aggregation of platelets. The vWF is also
needed for secondary haemostasis because it is a carrier
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