
Clinical implications

* Young adults and children now commonly survive treatment for cancer
and subsequently want to have a family
* Many fear that the toxic treatment they received for cancer will affect their
children
* This study shows that the risk of having a child with congenital anomalies
was not increased among parents who had been treated for cancer
* For live births there was no relation between increasing toxicity of
treatment and congenital anomalies
* Cancer patients can be reassured that any livebom offspring are unlikely to
be affected by cancer treatment

bom offspring, the probability of having a child with a
congenital anomaly is not appreciably different for
those who have had cancer or been treated for cancer
from that for the general population.
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Abstract
Objective-To study factors affecting uptake of

measles, mumps, and rubella immunisation.
Design-Cohort study using data from computer-

ised child health systems.
Setting-10 health districts in North East Thames

and North West Thames regions.
Subjects-7841 children born in January to March

1990 and resident in the districts up till the end of
October 1991.
Main outcome measures-Overall uptake of

measles, mumps, and rubella immunisation, varia-
tion of uptake among groups of children, and odds
ratio of being vaccinated against measles, mumps,
and rubella.
Results-The overall uptake rate of measles,

mumps, and rubella immunisation for the study
cohort in the 10 districts was 82%. Wide variation
was identified among children with different
demographic characteristics. Lower uptake was
associated with absent or incomplete primary
immunisation, including omission of pertussis
vaccine. Other factors affecting uptake included
the type of resident district, birth order, where

registered for immunisation (general practitioner or
clinic), and one parent family status.
Conclusions-Many districts have difficulties in

meeting the 900/0 target for measles, mumps, and
rubella immunisation, mainly because of the
characteristics of their local population. To increase
overall coverage, the health service should target
families with adverse factors, especially those whose
children have missed previous immunisations.

Introduction
In October 1988 the combined measles, mumps, and

rubella vaccine replaced monocomponent measles
vaccine in the routine childhood immunisation pro-
gramme for the United Kingdom.' This change was
partly to improve rubella coverage as well as to
introduce protection against mumps into the schedule.
The change was also hoped to improve uptake of
measles immunisation, about which there had been
widespread concem in Britain.'-' Coverage with
measles, mumps, and rubella vaccine has dramatically
increased protection against measles in the country as a
whole.6 The improved uptake of measles, mumps, and
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rubella vaccine compared with monovalent measles
vaccine is believed to relate to various strategies7
including specific campaigns.89 Despite an overall
national and local increase in coverage of measles,
mumps, and rubella vaccine there is still a wide
variation between localities, and the 90% target' '° has
not been met in many local district health authorities."

Reasons for disappointingly low uptake relate both
to deficits in the services provided and to the character-
istics of the client populations.7 There seem to have
been few studies, however, especially studies on a large
scale, evaluating the performance of the measles,
mumps, and rubella immunisation programme,
exploring possible reasons for variations in uptake.
This paper presents the results of an epidemiological
assessment of uptake of measles, mumps, and rubella
vaccine, including factors influencing uptake for a
three month birth cohort in 10 districts from North
East Thames and North West Thames regions.

Methods
Data source and study population This study was a

part of a project evaluating child health computing
systems that was conducted in 10 districts (five each)
from North East Thames and North West Thames
regions. The selection of study districts was not
completely random; five districts were selected in
North East Thames taking into account geographic
area (including rural, suburban, and inner city dis-
tricts), Jarman score (covering a wide range of the
score), duration of using the new child health system
("old" as well as "new" users were included), and
geographic accessibility of the district (the project
included on site interviewing of health professionals).
Each of these five North East Thames districts was
matched with one from North West Thames region on
sociodemographic determinants and geographic
similarities. Data were collected from the child health
computing systems after permission had been obtained
from the health authority managers and the respons-
ible staff of the child health departments. The study
subjects were the whole resident child population born
between January and March 1990 and aged 19 to 21
months at the time the data were collected.

Outcome variable-According to the national
schedule for measles, mumps, and rubella immunisa-
tion, all children should receive the vaccine between
the ages of 12-18 months, usually before 15 months.'2
Therefore all study children in this three month birth
cohort should have received the vaccine by the time of
data collection. The outcome of this study was whether
or not a child had been vaccinated against measles,
mumps, and rubella. The uptake rate of the vaccine
was calculated from the number of resident children
recorded as having been immunised, expressed as a
percentage of the total number of resident children.

P'redictor variables- All factors suspected to be
potentially associated with uptake and available in the
systems were investigated. These factors included: (i)
type of district-categorised on geographic criteria and
Jarman score" into low deprived rural and suburban
districts (Jarman score <0; four districts) and high
deprived inner city districts Jarman score ¢ 0;
six districts); (ii) birth order-grouped into five

TABLE I-Uptake rates of measles, mumps, and rubella vaccine in 10 study districts in North East Thames
and North West Thames regions among resident children aged 19-21 months (born between January and
March 1990)

Inner city districts Rural or suburban districts

1 2 3 4 5 6 7 8 9 10 Overall

No vaccinated 785 287 616 204 729 571 574 752 1217 680 6415
Uptakerate(/%) 81-3 68-7 81-2 76-4 74-2 72-0 87-5 914 87 6 86-4 81 8

X2=250 2,P<0p01.

categories, from only child to fifth plus; (iii) immunisa-
tion location-defined according to where the child
was registered for immunisation: at a general practi-
tioner's surgery or at a community child health clinic;
(iv) maternal age-age of the mother when she gave
birth to the study child: it was initially divided into
four age groups, < 20 years, 20-29 years, 30-39 years,
and -- 40 years, but preliminary analyses showed no
significant difference between the first and fourth
groups and between the second and third groups
in terms of the uptake rates so maternal age was
regrouped for the multivariate analyses into two:
teenaged or older mothers (<20 or ¢ 40 years) and
mothers aged 20-39 years; (v) birth weight grouped
into < 2500 g (low birth weight) and -- 2500 g (normal
birth weight); (vi) type of resident whether a child
was a continuous resident (living in the current
resident district since birth) or a moved in resident
(moved into the current resident district since birth);
(vii) primary immunisation status-defined as
"completed" if a child had received his or her complete
(three doses) primary course of immunisations (diph-
theria, pertussis, and tetanus or diphtheria and tetanus
and polio vaccines), and "not completed" if the
primary course of immunisations had not been com-
pleted; (viii) type of family-one parent or two parent;
(ix) child sex male or female; and (x) type of child
health computer systems-the national child health
computer system or the North East Thames regional
interactive child health system (RICHS).
Data analysis-The analysis proceeded in two steps.

Firstly, a univariate analysis was performed to investi-
gate the association between uptake of measles,
mumps, and rubella vaccine and the individual vari-
ables. Unadjusted odds ratio and the 95% confidence
interval for the odds ratio were calculated. The X2 test
was used to assess the association between vaccine
uptake and each of the predictor variables. Secondly,
immunisation status was modelled with logistic regres-
sion, using for predictors those variables that were
significantly associated with immunisation status at the
p - 005 level by X2 testing. New variables were
included in the model if they significantly improved
the predictive power of the logistic regression equation
at the set p level. Children with missing data on a
predictor variable were excluded from the analysis of
that variable but as large a data set as possible was used
for each analysis. The SAS package'4 was used for the
analyses.

Results
Table I lists the uptake rates of measles, mumps, and

rubella immunisation in the 10 districts; the rates
ranged from 68-7% to 91-4%, giving an overall uptake
of 81-8% in these 10 districts. The uptake rates were
83-2%, 81-2%, and 81-1%, respectively, for children
aged 19, 20, and 21 months, showing little evidence
(p=0-09) that there was late uptake of immunisation
for this three month birth cohort.
Table II shows the associations between the uptake

of measles, mumps, and rubella vaccine and 10 factors.
Birth weight and sex of children did not influence
uptake. The eight other variables were significantly
associated with uptake and were included as regression
terms in the multivariate logistic regression analysis.

Maternal age, type of resident, and type of child
health computer system were not included in the final
logistic regression model at the 5% level, suggesting
that they lost their significance when other variables
were adjusted for. Table III lists the odds ratios of
being vaccinated for categories of each variable. The
odds ratios of less than 10 for the two-categorical
variables means that a child in a group was less likely to
be vaccinated than a child in the reference group (odds
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ratio= 1 0). For instance, the odds of having received
measles, mumps, and rubella vaccine for a child who
had not completed the primary immunisations was 4%
the odds for a child who had; the odds for a child who
was registered at a child health clinic was about 80%
the odds for one attending a general practice. The
model suggested that each "unit" of inrcrease in birth
order would be responsible for a decrease in the odds
by about 20%.
To investigate the association between pertussis and

measles, mumps, and rubella immunisations we
examined only those study subjects who had com-
pleted their primary immunisations. It was found that
of these children, 308 (4.4%) had not had pertussis
vaccine, and the uptake of measles, mumps, and
rubella immunisation for these 308 children was 77-9%
compared with 90 1"% for children who received diph-
theria, pertussis, and tetanus vaccine. The logistic
regression model indicated that the odds of being
vaccinated agaisnt measles, mumps, and rubella for
children who had not had pertussis vaccine was 43%
the odds for children receiving the vaccine, allowing
for other factors (table IV).

Discussion
This study identified five factors associated with

uptake of measles, mumps, and rubella immunisation;

TABLE II-Proportion ofpopulation by each variable with unadjusted odds ratios for the association between
children's and mothers' characteristics and uptake of measles, mumps, and rubella vaccine among children
aged 19-21 months (born between January and March 1990) resident in IO study districts

Odds ratio
Variable % (No) (95% confidence interval) p Value

Birth weight (grams):
<2500 92 7 (6613) 1 00
>2500 7.3 (521) 0-96 (0 75 to 1 22) 0-77

Immunisation location:
General practices 62-8 (4531) 1 00
Health clinics 37-2 (2683) 0 43 (0 38 to 050) <0 001

Matemal age (years):
<20 52 (362) 1 00
20-29 548 (3849) 1 30 (101 to 1 67) <0 05
30-39 37.6 (2638) 1-38 (1-05 to 1 83) < 0-05

>40 2 5 (177) 1 18 (0-75 to 1 88) 0 47
Birth order:t

First 43 2 (3012) 1 00
Second 32 3 (2253) 0 97 (0-83 to 1 14) 0 70
Third 14-9 (1037) 0-58 (0-48 to 0 69) <0-001
Fourth 5 6 (394) 0 50 (0 39 to 0 64) <0 001
Fifthormore 4 1 (284) 0 30 (0 23 to0-40) <0 001

One parent family:
No 85-7 (5771) 1-00
Yes 14 3 (964) 0 75 (0 63to0 89) <0 01

Primary immunisations completed:
Yes 88-5 (6935) 1 00
No 11-6 (906) 0 03 (0O02 to 004) <0 001

Type of resident:
Continuous 85.8 (6728) 1 00
Moved in 14 2 (1113) 0 40 (0 34 to 0-46) <0 001

Type of resident district:
Low deprived rural or suburban 46-6 (3656) 1 00
High deprived inner city 53 4 (4185) 0 43 (0 38 to 0 49) <0001

Sex:
Male 50-8 (3982) 1 00
Female 49-2 (3858) 1 05 (0 94 to 1 18) 0 39

Serviced by:
National system 46 2 (3622) 1 00
Regional system 53 8 (4219) 0 84 (0 74 to O-94) <0 01

tp Value for X2 test for trend also <0 01.

TABLE iii-Estimated odds ratios for uptake of measles, mnumps, and
rubella immunisation by each factor after controlling for others in all
resident children

Factor Odds ratio (95% confidence interval)

Primary immunisations completed:
Yes 1 00
No 0 04 (0-03 to 0-05)

Type of resident district:
Low deprived rural or suburban 1 00
High deprived inner city 0 67 (0-56 to 0 80)

Birth order 0 80 (0-74 to 0 87)
Immunisation location:

General practices 1 00
Child health clinics 0 79 (0-66 to 0-94)

One parent family:
No 1 00
Yes 0 75 (060 to 093)

TABLE IV-Estimated odds ratios for uptake of measles, mumps, and
rubella immunisation by each factor after controlling for others in
resident children who completed three doses of their primary immunisa-
tion course

Factor Odds ratio (95% confidence interval)

Primary immunisations received:
Diphtheria, pertussis, tetanus 1 00
Diphtheria and tetanus 0 43 (0 31 to 0 62)

Type of resident district:
Low deprived rural or suburban 1 00
High deprived inner city 0-59 (0-48 to 0 72)

Birth order 0 80 (0 74 to 0 87)
Immunisation location:

General practices 1 00
Child health clinics 0 80 (0 65 to 0 98)

One parent family:
No 1 00
Yes 0 66 (0 53 to 0 84)

the most important predictor for uptake was found to
be the primary immunisation status. Children who did
not receive their primary immunisations at all were also
less likely to have received measles, mumps, and
rubella immunisation. This strong association between
uptake of primary and measles, mumps, and rubella
immunisation suggests the existence of a group of
children with extreme problems in being vaccinated.
Some families, especially in inner city districts
with high deprivation, are highly mobile, living in
temporary accommodation, and these families are
extremely difficult to trace, so that immunisation
appointments are less likely to reach them." Some
children may have been vaccinated by a private doctor,
few of whom contribute to a computerised immunisa-
tion system. The first factor is more likely in inner city
districts while the second may be appreciable in rural
and suburban areas. The group may include certain
families who refuse all immunisation procedures or
who prefer an alternative method,"" and others who
are advised not to be immunised due to "contraindica-
tions" (many of which might be false) to both primary
and measles, mumps, and rubella immunisations.'2
The association between uptake of pertussis and
measles, mumps, and rubella immunisation suggests
that uncertainties about these two vaccines were more
likely than those about other vaccines.
We have previously reported that general practices

do better than community child health clinics in terms
of providing primary immunisations.'7 This finding
was confirmed in the present study for uptake of
measles, mumps, and rubella vaccine. General practi-
tioners may do better than health clinics for immunisa-
tions because general practitioners are encouraged to
meet the target for immunisation payments in the new
practitioner contract"; communication between
general practitioners and families is more efficient with
more effective consultation with regard to immunisa-
tions"; and immunisation session times in general
practice may be more flexible and convenient for
clients, especially for working parents or parents with
other childem (most surgeries run evening or weekend
sessions). 'I

Birth order was associated with uptake of measles,
mumps, and rubella immunisation. Children from
larger families have been found to have lower immuni-
sation uptake." "9-' Children living with one parent
were also less likely to receive measles, mumps, and
rubella vaccine, a finding consistent with earlier
results."9 Parents with other children to take care of or
single parents with little support may find it difficult to
get around to having their children immunised." 8'19
These families may need additional support from
community health staff such as health visitors or
practice nurses and should be particularly targeted.
Making immunisation sessions more accessible, at
times when parents find it easier to attend; extending
creche facilities in health clinics for siblings; providing
opportunistic immunisations when children appear at
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general practices, health clinics, or hospitals for other
reasons; and providing a domestic immunisation
service by health visitors or other community staff for
families with particular difficulties should improve
immunisation uptake.2223

"Inner city" status has been identified in almost all
studies to be an important risk factor associated with
childhood immunisation uptake. Although there may
be differences in immunisation practice between inner
cities and rural or suburban areas, we believe that the
major contribution to lower uptake of immunisations
in inner cities is due to the make up of the population in
such disadvantaged areas. For instance, inner city
districts tend to have higher proportions of families
from minority ethnic groups; in lower social classes;
with more children, only one parent, or very young or
old mothers; and with more likelihood of being
unstable. Such adverse factors seem more likely to
directly affect poor immunisation uptake than does
inner city status. We believe that to improve uptake of
measles, mumps, and rubella immunisation it would
be more productive to target specific groups rather
than to broadly target inner city populations.
From the routinely collected child health data we

found that the overall coverage rate of measles,
mumps, and rubella vaccine for the three month birth
cohort aged 19 to 21 months in the 10 districts was
about 82%, which is disappointing compared with the
90% target and the 92% national average coverage rate
for children bom in the same period." The lower rate
from our study in comparison with "COVER" data"
relates to three factors. Firstly, our evaluation was
carried out when the study children were aged 19-21
months rather than 24 months; some children may
receive measles, mumps, and rubella vaccine between
19-21 and 24 months. Secondly, the 10 study districts
included many inner city districts where immunisation
uptake can be problematic. Thirdly, COVER data are
prepared at fixed dates. Local child health staff often
make particular efforts to ensure that records are as up
to date as possible for this deadline. The data for the
present study were collected at a time midway between
these deadlines.
Our data confirm that some districts have difficulties

in achieving the 90% target of measles, mumps, and
rubella vaccine uptake, and some groups of the client
population are less likely to participate in the pro-
gramme than others. This situation is likely to be more
difficult when the target is increased to 95% in 1995.24
The problem of mumps encephalomyelitis following

measles, mumps, and rubella immunisation in a small
proportion of cases recently identified with certain
brands of immunisation containing the urabe strain of
mumps and the associated adverse publicity make it
critical to avoid a decline in immunisation for measles,
mumps, and rubella (and possibly other immunisa-
tions) such as followed the adverse publicity associated
with possible side effects from pertussis immunisation

Clinical implications

* The target of 90% uptake of measles, mumps, and rubella vaccine is
not being met in many districts
* Uptake of diphtheria, pertussis, and polio vaccine is the most important
predictor for uptake of measles, mumps, and rubella vaccine
* This association suggests that there is a group of children who are
unlikely to be vaccinated at all
* Other factors reducing uptake are immunisation provided in health clinics
rather than by general practitioners; having many older siblings; change of
address; living in inner city districts
* The health service should target families with adverse factors, especially
those whose children have missed previous immunisations

in the 1970s. Our results suggest that to maintain and
improve measles, mumps, and rubella immunisation
particular attention should be paid to families who
have not had their children vaccinated against
diphtheria (pertussis), tetanus, and polio or who had
omitted specifically pertussis vaccine, and to larger or
one parent families, especially if they live in inner city
districts or are registered for immunisation at child
health clinics.
The study was based on computerised child health

systems. Although the quality of data from the com-
puter system has been questioned by previous studies,
particularly those undertaken in inner city areas,25
much effort has been made to improve the perform-
ance of the systems, especially to increase the capacity
of dealing with mobile populations by allowing more
efficient exchange of child health information between
health professionals or localities.'2 In fact, the system
data have been a major source of local and national
statistics on child health services-for example,
immunisation uptake rates." Compared with those
from "one off' epidemiological surveys, data stored in
the systems are routinely collected and therefore are
available at no extra cost. The systems provide ongoing
data allowing cross sectional and longitudinal analyses
and, particularly if standardised and complete data
variables can be collected routinely, provide oppor-
tunities for ongoing assessments of factors influencing
uptake of services.
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