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Sero-epidemiology of mumps in western Europe
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SUMMARY

Six countries (Denmark, England and Wales, France, Germany, Italy and the Netherlands)
conducted large serological surveys for mumps, in the mid-1990s, as part of the European
Sero-Epidemiology Network (ESEN). The assay results were standardized and related to the
schedules and coverage of the immunization programmes and the reported incidence of mumps.
Low incidence of disease and few susceptibles amongst adolescents and young adults was
observed in countries with high mumps vaccine coverage (e.g. the Netherlands). High disease
incidence and large proportions of mumps virus antibody negative samples in adolescent and
young adult age groups was noted in countries with poor vaccine coverage (e.g. Italy). The
build-up of susceptibles in older children and adolescents in England and Wales, France,

the former West Germany and Italy indicate the possibility of further mumps outbreaks in
secondary school environments. To control mumps in western Europe, current MMR
immunization programmes will need to be strengthened in a number of countries.
Sero-surveillance of mumps is an important component of disease control and its usefulness
will be enhanced by the development of an international mumps standard.

INTRODUCTION

The classical symptoms of mumps are unilateral
or bilateral parotitis, although many cases exhibit
non-specific or primarily respiratory symptoms
[1, 2] and approximately a third of all infections are
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asymptomatic [1, 3]. Infection is considered to pro-
vide lifelong immunity, although rare cases of re-
infection with mumps virus have been documented [4].
Mumps is often considered as a benign illness with a
low mortality, although the burden of disease should
not be underestimated [5]. Central nervous system
(CNS) complications are common, usually appearing
as aseptic meningitis, which occurs in approximately
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5% of patients with mumps [1, 2]. In younger children,
mumps was the major cause of acquired sensorineural
deafness prior to the introduction of immunization
programmes [1]. Although orchitis is a common
complication after puberty, occurring in approxi-
mately a third of cases, sterility is rare [1].

A number of live attenuated mumps vaccines have
been developed and since the 1980s these vaccines
have been used increasingly as part of a trivalent
combination vaccine for measles, mumps and rubella
(MMR). The International Task Force for Disease
Eradication identified mumps as a potential target for
eradication, and recommended that this should be
linked to the policy of combined vaccination against
measles and rubella [6]. The World Health Organis-
ation, Regional Office for Europe (WHO/EURO),
established a control target of an annual incidence of
less than one case of mumps notified per 100000 of the
population to be achieved by its member countries by
2010 [7].

The European Sero-Epidemiology Network
(ESEN) was established in 1996 with the aim of
coordinating and harmonizing the serological surveil-
lance of immunity to several vaccine-preventable dis-
eases in Europe including mumps [8]. In this paper,
the standardized mumps antibody levels measured in
national serological surveys undertaken in six west
European countries are compared. This provides a
unique opportunity to compare the results of these
mumps sero-surveys, to assess the serological and
epidemiological impact of different mumps vacci-
nation schedules, the level of vaccine coverage at-
tained and to determine progress towards mumps
control in western Europe.

METHODS
Vaccine programme structure and coverage

A questionnaire was distributed to all participating
countries to gather data on the history and the organ-
ization of the national mumps vaccine programmes,
the current and historical reported vaccine coverage,
the structure of the surveillance system for mumps dis-
ease and the age-specific incidence of notified mumps
cases. Some of these results have previously been
reported [11]. On the basis of mean reported vaccine
coverage for mumps vaccine in the 3 years prior to
the collection of the main serum banks, countries
were divided into high (vaccine coverage >90 %), me-
dium (vaccine coverage 80-90%) and low coverage
countries (<80 %).
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Serum survey collection

Six countries in ESEN undertook testing for mumps
antibody of sera specimens collected between 1994
and 1998 (Denmark, England and Wales, France,
Germany, Italy and the Netherlands). The sera were
obtained by using the residual sera collected during
routine laboratory testing except the Netherlands,
where sera were collected by population-based ran-
dom sampling, and Denmark, where both methods
were used [9]. The number of sera collected per
country ranged from 2766 to 8303, were evenly dis-
tributed between males and females and from a var-
iety of geographical locations within each country
to provide a reasonably representative age-specific
estimate of immunity to mumps in the general
population. Further details of the sera collection have
been published elsewhere [9].

Standardization: reference panel distribution
and testing

The methodology and the results of the qualitative
and quantitative standardization of the mumps virus
antibody results has been described elsewhere [10]. In
brief, the reference centre (Robert Koch Institute,
Berlin, Germany) prepared a panel containing 150
sera that were positive, equivocal or negative as tested
using the Behring Enzygost enzyme immunoassay.
These panels were then distributed to the national
laboratory in each participant country where they
were tested with the quantitative enzyme immuno-
assay normally used to measure levels of serum mumps
antibody.

Local titres were converted to standard titres by
regressing the results of the panel testing of the
national centre against those of the reference centre
and thus obtaining standardization equations which
could then be applied to the results of the testing of
the main serum banks. The standardization of the
assays were evaluated quantitatively by determining
the fit of the equation using R? (the square of multiple
correlation coefficients) and qualitatively by assessing
the level of concordance in identifying positive,
negative and equivocal results.

Main serum bank testing

Each main national bank survey was tested using
the same validated assay method as was used for the
reference panel. The country-specific standardiz-
ation equations were then used to convert the local
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quantitative results of the serum survey into standard-
ized reference laboratory units. The reference lab-
oratory cut-offs were used to re-classify qualitatively
the standardized quantitative results as negative,
equivocal or positive.

Modelled MMR vaccine coverage

A descriptive analysis was conducted in which
country-specific sero-profiles were interpreted in the
context of that country’s mumps vaccination pro-
gramme history (Fig. 1). MMR vaccine coverage
was estimated using modelling techniques in which
ESEN serological data at the individual level were
used to calculate the proportion of individuals of a
given age who had either been vaccinated or infected
with each of the three viruses [12]. Reported mumps
vaccine coverage was used for age groups targeted by
a mumps, but not MMR, immunization programme.

RESULTS
Mumps vaccination programmes

Routine vaccination for mumps was conducted in two
countries (West Germany and France) before the
introduction of an MMR vaccine (Table 1). In the
former West Germany a combined measles—mumps
vaccine had been available since 1976. In France,
from 1983 a single mumps vaccine was targeted at
12-month-old children until 1986 when MMR was
introduced.

By 1991, MMR had been introduced in all
countries (Table 1), all of which now have a two-
dose schedule. However, in some countries the second
dose was introduced either just prior to (France
and England and Wales in 1996) or since the com-
pletion of this study (Italy in 1999). Following the
unification of Germany, a two-dose MMR schedule
was introduced in 1991 which replaced a one-dose
schedule that had been in place since 1981 in the for-
mer West Germany and the absence of any mumps im-
munization programme in the former East Germany.

In all countries, the first MMR dose is targeted at
children in their second year of life (12-18 months)
but the second dose is recommended for a wide range
of ages. The majority of countries target the second
MMR dose to children aged between 3 and 6 years
old (England and Wales, France and Germany).
However, older children are targeted in Denmark (12
years old) and the Netherlands (9 years old). The Jeryl
Lynn and derived strains of mumps virus are now
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used in most countries, and in Italy it replaced the
Rubini vaccine strain which was withdrawn in 2001
[13]. Vaccines using the Urabe mumps strain were
withdrawn from routine use in many countries in the
1990s due to an increased risk of vaccine-associated
mumps meningitis [14].

Reported mumps vaccine coverage

A reported coverage for the first dose of the MMR
vaccine was available for all countries, except
Germany, and was calculated using routine data
sources except in France and Italy. In France, prior to
1993, mumps vaccine coverage at 2 years of age was
reported from routine data sources and, 1993 on-
wards, from annual surveys of 3—4 year-old children.
In Italy, regional cluster surveys using the Expanded
Programme on Immunization methodologies were
conducted in 1984, 1991 and 1998 [15, 16].

Using the reported mumps vaccine coverage in the
3 years prior to the serological surveys, England and
Wales and the Netherlands had high vaccine coverage
of greater than 90% and Denmark and France, a
medium coverage of between 80 and 90 % (Table 2).
Italy and Germany were considered as countries with
low vaccine coverage. In Italy, the most recent report
of mumps vaccine coverage was less than 60 %. Re-
ported MMR vaccine coverage was not available for
Germany, though modelled estimates of recent MMR
vaccine coverage was approximately 60 % [12].

Mumps surveillance data

In the most recent years, the annual reported inci-
dence of mumps cases has been less than one per
100000 of the population in Denmark and in the
Netherlands (Table 1). In England and Wales, the
reported incidence of mumps in 1996 was only just
above this target (3-4/100000), although by 2000
the incidence of mumps had increased slightly to
4/100000 [17]. In Italy and France, the incidence of
reported disease was very much higher than the target
of one case per 100000 of the population. In Italy, the
incidence of mumps disease was 113/100000 in 1996.
In France, the reported annual incidence of mumps
was 84/100000, although since 1996 it has continued
to decline and in 2000 the incidence was reported as
29/100000 [18].

Mumps assay standardization

The standardization of the mumps panel was suc-
cessful with R? values greater than 0-85. For the
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Fig. 1. For legend see page 697.

Mumps serum bank testing and modelled MMR

semi-quantitative comparison after standardization, .
vaccine coverage

agreement was very good except for Denmark in
which 12 of the 69 positive sera identified by the In the Netherlands, despite an MMR vaccine cover-
reference centre were tested negative [10]. age estimated to be consistently above 90%, the
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Fig. 1. (cont.)
sero-prevalence of mumps virus antibodies in younger ~ who had received a second MMR dose (9-12 years
children is relatively low (Fig. 1). The sero-prevalence old; 89%, x*=14-40, P<0-001). In England and

was 81% in younger birth cohorts (2-8 years old) Wales, a sero-prevalence of mumps virus antibodies
who had received one dose MMR, lower than those greater than 80 % was only found in samples collected
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Fig. 1. Seroprevalence of mumps virus antibody for each country (dark bars, mumps virus antibody positive; light bars
equivocal). The vaccine coverage in each age group is either estimated from modelling studies (when immunization is
with MMR vaccine) or reported data when mumps vaccine is used alone (France in 15-18 year olds) or in combination
with a measles vaccine (West Germany in 16-34 year olds). Vaccine history was defined as MMRI1 (single dose MMR
mass vaccination programme); MMR2 (second dose MMR mass vaccination programme); catch-up MMR: mumps or

measles—mumps.

from adolescents or adults (Fig. 1). Amongst young
children (2-9 years of age), the sero-prevalence is less
than 70 % (Table 3), even though in these age groups
the MMR vaccine coverage has been estimated at
over 90 % (Fig. 1).

In Denmark the sero-prevalence of mumps virus
antibodies greater than 80 % was only found in sam-
ples collected from adolescents or adults (Fig. 1). In
children aged between 6 and 10 years old, there was a
decline with age in the sero-prevalence of mumps virus
antibodies (Fig. 1, yisi-for-trend=16:00, P<0-001),
with a low of 62 % in 10-year-old children. In 13-year-
old children, the sero-prevalence was over 90 %,
which coincided with an increase in the estimated
vaccine coverage as well as a second dose adminis-
tered at 12 years old. In those birth cohorts who had
received a second MMR dose (aged 12-19 years),
both the proportion of equivocal samples was lower
(Fig. 1, 47% vs. 14:5%, ¥*=22-60, P<0-001) and
the geometric mean titres were larger (714; 95%CI
655-778 vs. 2:308; 95%CI 2-107-2-52580, P<0-001)
than in those who had received only one dose of
MMR (aged 2-9 years).
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In France, amongst younger children between 2
and 4 years of age, the sero-prevalence of mumps
virus antibodies was nearly 90% (Fig. 1). However,
amongst older children and adolescents (i.e. 615
years of age), the sero-prevalence of mumps virus
antibodies declined to less than 80%, which corre-
sponded with a decline in the estimated vaccine cover-
age. In Italy, the modelled vaccine coverage of the
one dose MMR vaccine programme exceeded 50 %
only in recent years, an increase from the initial cover-
age of 25 % (Fig. 1). Of all the six countries, the lowest
sero-prevalence amongst children was observed in
Italy and a sero-prevalence of mumps virus antibodies
greater than 80 % was observed only amongst those
older than 14 years of age (Table 3, Fig. 1).

The sero-profiles of the former German states are
presented separately (Table 3, Fig. 1) as only in the
former West Germany was a mumps vaccination
programme in place until reunion in 1991, even
though vaccine coverage was estimated to be low
(approximately 30 %). The sero-profiles of the former
East and West Germany were similar, the proportion
of sero-negative samples declined with age, from
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Table 1. Immunization strategies for mumps in six European countries at the time of the ESEN study, 1998

England and

Denmark France ITtaly Wales Germany Netherlands
Strategy prior to MMR  None Yes* None None Yest None
introduction
Year of MMR 1987 1986 1982 1988 1991 1987
introduction
Recommended number 2 2% 1§ 2|l 2 2
of doses of MMR
Age groups targeted 15 months 12 months  12-15 months  12-18 months  12-15 months 14 months
12 years 3—6 years 4 years 6 years 9 years
Mumps strains used in Jeryl Lynn  Jeryl Lynn  Rubini Jeryl Lynn** Jeryl Lynn Jeryl Lynn
MMR Urabe

* A one-dose mumps vaccine at 12 months introduced in 1983.

1 In the former West Germany, a measles-mumps vaccine was introduced in 1976 and replaced by a single MMR dose at

15 months in 1981.

1 In 1996 introduction of second MMR dose targeted at 11-13 year olds and then 3—6 year olds in 1997.
§ A second MMR dose introduced in 1999 for children aged 6—12 years of age.

|| Single dose MMR until 1996.

4 Rubini strain vaccines replaced by Jeryl Lynn strains in July 2001.

** Urabe strain vaccines withdrawn in 1992.

Table 2. Incidence of reported mumps disease (/100000) and reported coverage of MM R vaccine by 2 years
of age in five European countries, from 1990 to the end of the ESEN study in 1998

Denmark England and Wales France Italy Netherlands
Incidence Vaccine Incidence Vaccine Incidence Vaccine Incidence Vaccine Incidence Vaccine
Year (/100000) coverage (/100000) coverage (/100000) coverage* (/100000) coverage (/100000) coverage
1990 8-8 84 26-0 86 187-9 54 106-3 02 95
1991 6-1 86 20-8 90 221-5 52 71-4 9-53+ 0-3 94
1992 36 85 15-6 92 2429 62 51-1 03 94
1993 29 81 4-2 91 1599 80 510 0-3 95
1994 05 88 4-8 91 93-1 84 663 02 94
1995 02 88 3-7 92 84-1 85 115-1 02 94
1996 0-8 85 34 92 83-8 88 1129 0-2 94
1997 06 84 3-7 91 70-0 89 516 0-3 96
1998 04 88 3-0 88 45-0 91 256 26-87% 02 96

* Up to 1992, vaccine coverage was reported for 2-year-old children, and from 1993 for 3—4-year-old children.
t Vaccine coverage estimated using cluster sampling of 2-year-old children.

approximately a third of children aged 24 year olds
to less than 10 % amongst adults. Only amongst 15—
19 year olds was a difference in the sero-profiles noted
(Table 3) with the proportion of mumps virus anti-
body negative samples greater amongst those in the
former West Germany than in the former East (16 %
vs. 6%, x*=17-79, P<0-:001).

DISCUSSION

This report describes the comparative sero-epidemi-
ology of mumps infection in six European countries.

https://doi.org/10.1017/50950268803008768 Published online by Cambridge University Press

The aim of the ESEN project was to standardize
serum bank testing so that by establishing a common
standardized unitage for assay titres, international
comparison could be made. In this study, all partici-
pant countries used the presence of mumps virus
serum IgG antibodies, as measured by enzyme
immuno-assays, as a marker of immunity.

In the pre-vaccination age groups, mumps was a
childhood illness and most individuals had acquired
immunity by early adulthood [19]. The MMR vaccine
programmes, introduced in most west European
countries during the 1980s, have targeted children. In
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Table 3. Percentage mumps virus antibody negative by age group for countries participating in ESEN, 1994-98.
(n is the number of samples tested).

Percentage mumps virus antibody negative by age group

12-23 months 2-4 years 5-9 years 10-14 years 15-19 years 20+ years

Country Y% (n) % (n) % (n) % (n) % (n) % (n)

Denmark 531 (96) 32:3 (269) 193 (458) 155 (497) 68 (340) 5-8  (1409)
England and Wales 420 (100) 32-1 (299) 312 (500) 236 (499) 90 (500) 9-4  (1400)
France 385 (65) 129 (194 180 (294) 190 (274) 10-2 (364) 33 (1644)
East Germany 884 (153) 31-8  (327) 191 (634) 133 (445) 5-8 (295) 56 (144)
West Germany 80-4 (56) 366 (227) 208 (419) 164 (397) 161 (429) 69  (1373)
Ttaly 79-8 (100) 525 (339) 332 (542) 213 (520) 12-7 671) 63 (1455)
Netherlands 50-8 (250) 180 (573) 186 (559) 133 (580) 88 (455) 75 (5261)

some countries, notably Denmark, England and
Wales and the Netherlands, the sero-prevalence of
antibodies to mumps virus in these age groups was
much lower than either reported or estimated vaccine
coverage. The discordance between vaccine coverage
and immunity in the population may be due to the
assay employed, including problems in the standard-
ization procedure, or due to primary or secondary
vaccine failure.

The standardization of assay results permitted the
comparison of immunity to mumps in several differ-
ent European countries, although there remained
variations in laboratory cut-offs and some residual
lack of comparability [10]. For example, despite the
standardization of the Danish assay results, a lower
sero-positivity was observed [10], which may explain,
in part, the discordance between sero-prevalence and
vaccine coverage data. The EIA are more sensitive
than other techniques [20, 21], probably due to the
detection of antibodies involved in complement-
mediated immunity [20, 21]. Different EIAs were used
in the Netherlands and England and Wales to that of
the reference centre, and as mumps antibody titre can
vary with the virus antigen used in the assay [22], this
may also explain the observed discordance in sero-
prevalence and vaccine coverage [10]. The develop-
ment of an international mumps reference antibody
preparation will further enhance the comparability of
mumps sero-prevalence data [10, 23].

Failure of the mumps vaccine has been attributed
to primary vaccine failure [24]. Sero-conversion rates
following mumps vaccination, estimated by modelling
ESEN sero-prevalence data, varied in the different
countries [12]. For example, in the Netherlands, the
sero-conversion rate was estimated to be 82 % [12]
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and this may explain some of the observed discor-
dance in vaccine coverage and sero-prevalence. In
Italy, where until recently the Rubini strain was
commonly used, modelled sero-conversion rates were
very low —approximately 60% [12]. The Rubini
strain has been shown not to offer good protection
against the disease [25, 26], and the use of this strain in
the MMR vaccine, as well as the poor vaccine cover-
age, may have contributed to the low mumps virus
antibody positivity observed.

The administration of a second MMR dose has
been shown to boost serum IgG antibody levels [27,
28], although it remains unclear whether waning anti-
body levels represents secondary vaccine failure or
if other mechanisms of immunity exist [24, 28]. In
Denmark and in the Netherlands, an increase
in mumps virus antibody positivity was observed in
those birth cohorts in whom a second MMR dose
had been administered. However, no consistent trend
was observed, although, at the time of the study, three
of the six countries had only just implemented a two-
dose MMR immunization strategy. In countries
with well-established vaccine programmes, the lack
of circulating wild virus may not boost immune re-
sponses, resulting in waning immunity. In contrast,
there would be circulation of wild virus in countries
with poor vaccine programmes. This may partly ex-
plain the discrepancy between vaccine coverage and
mumps virus antibody prevalence noted in Denmark,
Netherlands, England and Wales, but not in Italy and
Germany.

The level of population immunity required to block
transmission of mumps has been estimated using
mathematical models to be between 85 and 90 % [19,
29, 30]. In countries with high vaccine coverage, such
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as the Netherlands, the proportion of older children
and adolescents with antibodies to mumps virus was
above these levels. In contrast, in countries with poor
vaccine coverage, such as Italy, large proportions of
susceptibles were noted in these older age groups,
although almost all individuals had become immune
by early adulthood due to the continued circulation
of the wild virus. We noted large proportions of sus-
ceptibles amongst older children and adolescents
in England and Wales, France, the former West
Germany and Italy, and it is in older age groups that
the sequelae of mumps are more serious [31]. Recent
outbreaks of mumps in secondary educational estab-
lishments [32, 33] demonstrate the continuing possi-
bility of outbreaks in these older age groups [30].

Denmark and the Netherlands have achieved the
WHO/EURO target of less than one case of mumps
annually per 100000 of the population. England and
Wales are close to achieving this target, although this
is not the case in France or Italy. These discrepancies
in incidence of disease between countries with similar
vaccine coverage may be due to different histories of
immunization programmes. However, the use of sur-
veillance data for either setting targets or to compare
disease epidemiology between different countries is
fraught with difficulties [11]. For example, in France,
unlike other countries, the mumps incidence data is
extrapolated to account for the incompleteness of
mumps notifications [34]. Although laboratory con-
firmation of mumps cases has been recommended,
especially in countries with a low incidence, to mini-
mize the poor sensitivity of clinical case definitions [5],
only in England and Wales is this practiced using
salivary samples [30].

To control mumps in the countries involved in this
study, MMR immunization programmes will need to
be either strengthened or maintained by ensuring that
a two-dose immunization schedule is employed and
that vaccine coverage of the first dose is greater than
90 %. Alongside the enhancement of the MMR vac-
cine programmes, measures to improve the surveil-
lance of both the mumps immunization programme
and disease, such as routine vaccine coverage, age-
and sex-specific incidence data including the labora-
tory confirmation of cases, will need to be introduced
in many countries. Sero-surveillance of mumps is an
important component in the monitoring of disease
elimination targets as, unlike reported surveillance of
disease, a clearer picture of population susceptibility
is obtained and these data are less open to biases.
In future, the sero-surveillance of mumps will be
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enhanced by the development of an international
standard [23].

ACKNOWLEDGEMENTS

We wish to thank the following for technical as-
sistance: C. Blondeau (France); I. Deitemeier,
V. Wagner (Germany); R. Cerruti, N. Nigro, C.
Penna (Italy). This project was funded by a grant
from DGXII of the European Union under project
number PL95-1039.

REFERENCES

1. Plotkin SA, Wharton M. Mumps vaccine. In: Plotkin
SA & Orenstein WA, eds. Vaccines, 3rd edn. Phila-
dephia, London, Toronto, Montreal, Sydney, Tokyo:
WB Saunders Company, 1999: 267-292.

2. Falk WA, Buchan K, Dow M, et al. The epidemi-
ology of mumps in southern Alberta, 1980-1982. Am J
Epidemiol 1989; 130: 736-749.

3. Philip RN, Reinhard KR, Lackman DB. Observations
of a mumps epidemic in a virgin population. Am J Hyg
1959;69: 91-111.

4. Nojd J, Tecle T, Samuelsson A, Orvell Cl. Mumps
virus neutralizing antibodies do not protect against re-
infection with a heterologous mumps virus genotype.
Vaccine 2001; 19: 1727-1731.

5. Galazka AM, Robertson SE, Kraigher A. Mumps and
mumps vaccine; a global review. Bull WHO 1999; 77:
3-14.

6. Centres for Disease Control and Prevention. Rec-
ommendation of the International Task Force for
Disease Eradication. MMWR 1993; 42 (RR-16): 1-25.

7. WHO Regional Office for Europe. Operational targets
for EPI diseases. Unpublished document EUR/ICP/
CMDS 01 01 14 Rev 1 Copenhagen, World Health
Organisation, 1996.

8. Osborne K, Weinberg J, Miller EM. The European
Sero-Epidemiology Network Eurosurveillance 1997; 2:
29-31.

9. Edmunds WIJ, Pebody RG, Aggerback H, et al. The
sero-epidemiology of diphtheria in western Europe.
Epidemiol Infect 2000; 125: 113-125.

10. Andrews N, Pebody RG, Berbers G, et al. The
European Sero-Epidemiology Network: standardizing
the enzyme immunoassay results for measles, mumps
and rubella. Epidemiol Infect 2000; 125: 127-143.

11. Levy-Bruhl D, Pebody RG, Veldhuijzen I, et al. ESEN:
a comparison of vaccination programmes— Part 3:
measles, mumps and rubella. Eurosurveillance 1998;
3:115-119.

12. Gay N. Analysis of sero-prevalence for measles, mumps
and rubella in six European countries: estimation of
MMR vaccine coverage and prevalence of past infec-
tion. Epidemiol Infect. In press.

13. Ministero della Sanita, Italia. Verbale Commissione
Unica dal Farmaco, 20 June 2001.


https://doi.org/10.1017/S0950268803008768

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

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

Italian Vaccine Coverage Survey Working Group.
Childhood vaccination coverage in Italy: results of a
seven-region survey. Bull WHO 1994 ; 72; 885-895.
Salmaso S, Rota MC, Ciofi degli Atti M, et al. Infant
immunistion coverage in Italy: estimates by simul-
taneous EPI cluster surveys of the region. Bull WHO
1999; 77: 843-851.

Anonymous. Vaccine preventable diseases In: Review
of communicable diseases, England and Wales,
1999/2000 London: Public Health Laboratory Service,
49-58.

Institut National de la Santé et de la Recherche
Meédicale — Réseau Sentinelles — 2000 Annual Report
available on www.b3e.jussieu.fr/sentiweb/fr/bulletins/
bilans/2000/oreillon2000.html

Edmunds WIJ, Gay NJ, Kretzschmar M, Pebody RG,
Wachmann H. The pre-vaccination epidemiology of
measles, mumps and rubella in Europe: implications
for modelling studies. Epidemiol Infect 2000; 125:
635-650.

Sakata H, Hishiyama M, Sugiura A. Enzyme-linked
immunosorbent assay compared with neutralization
test for the evaluation of live mumps vaccines. J Clin
Microbiol 1984; 19: 21-25.

Christenson B, Bottiger M. Methods for screening the
naturally acquired and vaccine-induced immunity to
mumps virus. Biologicals 1990; 18: 213-219.

Pipkin PA, Afzal MA, Heath AB, Minor PD. Assay of
humoral immunity to mumps virus. J Virol Methods
1999; 79: 219-225.

Hof S van den, Beaumont MTA, Berbers GAM, Melker
HE de. Antibodies against mumps in the Netherlands as
assessed by indirect ELISA and virus neutralisation
assay. Epidemiol Infect 2003; 131: 703-709.

Briss PA, Fehrs LJ, Parker RA, et al. Sustained trans-
mission of mumps in a highly vaccinated population:
assessment of primary vaccine failure and waning

https://doi.org/10.1017/50950268803008768 Published online by Cambridge University Press

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

European mumps sero-epidemiology 701

vaccine-induced immunity. J Infect Dis 1994; 169:
77-82.

Chamot E, Toscani L, Egger P, Germann D, Bourquin
C. Estimation of the efficacy of three strains of mumps
vaccines during an epidemic of mumps in the Geneva
canton (Switzerland). Rev Epidemiol Sante Publique
1998; 46: 100-107.

Dias JA, Cordeiro M, Afzal M, et al. Mumps epidemic
in Portugal despite high vaccine coverage — preliminary
report. Eurosurveillance 1996; 1: 25-28.

Davidkin I, Valle M, Julkunen I. Persistence of
anti-mumps virus antibodies after a two-dose MMR
vaccination. A nine-year follow-up. Vaccine 1995; 13:
1617-1622.

Pebody RG, Gay NIJ, Hesketh LM, et al. Immuno-
genicity of second dose measles—mumps—rubella (MMR)
vaccine and implications for serosurveillance. Vaccine
2001; 20: 1134-1140.

Anderson RM, Crombie JA, Grenfell BT. The epi-
demiology of mumps in the UK. A preliminary study of
virus transmission, herd immunity and the potential
impact of immunization. Epidemiol Infect 1987; 99:
65-84.

Gay NJ, Miller E, Hesketh LM, et al. Mumps surveil-
lance in England and Wales supports introduction of
two dose vaccine schedule. CDR Rev 1997;7: R21-R26
Nokes DJ, Anderson RM. Vaccine safety versus vaccine
efficacy in mass immunisation programmes. Lancet
1991; 338: 1309-1312.

Anonymous. Laboratory confirmed cases of measles,
mumps and rubella, England and Wales, July to
September 2001. CDR 2001; 11 (47): 5.

Wehner H, Morris R, Logan M, et al. A secondary
school outbreak of mumps following the childhood
immunization programme in England and Wales.
Epidemiol Infect 2000; 124: 131-136.

Chauvin P, Valleron J-P. Monitoring the compliance of
sentinel general practitioners in public health surveil-
lance: which GPs persevere? Int J Epidemiol 1997; 26:
166-172.


https://doi.org/10.1017/S0950268803008768

