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Abstract
Aim—To identify factors associated with
non-uptake of preschool booster immuni-
sation.
Design—Data from the computerised
child health system was used to study all
children born in 1990 and living in South
Glamorgan, Wales, on their 5th birthday.
Factors associated with preschool booster
uptake were investigated using multiple
logistic regression.
Results—Preschool booster coverage in
the study cohort was 91.4%. After adjust-
ment for other variables, uptake was asso-
ciated most strongly with completed
primary immunisation for diphtheria,
tetanus, and polio vaccine or first dose
measles, mumps, and rubella vaccine.
Identifying children who miss either of
these predicts 52.4% of those who miss the
preschool booster.
Conclusion—EVective targeting of chil-
dren who have missed previous immuni-
sations could improve preschool booster
uptake and ensure maximum uptake of at
least one dose of measles, mumps, and
rubella vaccine. Achieving optimummea-
sles vaccine coverage is vital to achieve the
goal of measles elimination.
(Arch Dis Child 1998;79:141–144)
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The UK government intends to eliminate
indigenous measles by the year 2000.1 2 As part
of its strategy, a second dose of measles,
mumps, and rubella vaccine was introduced in
October 1996 to be given together with the
existing preschool booster of diphtheria, teta-
nus, and polio immunisation (at 3–5 years of
age).3 High coverage is vital to ensure the suc-
cess of the new two dose schedule. The aim of
the two dose schedule is to achieve immunity in
the 5–10% of children who fail to respond to a
single dose. It also provides a second
opportunity to immunise children who missed
out on the first measles, mumps, and rubella
vaccine dose (at 12–15 months of age).3 The
introduction of the new dose follows on from
the 1994 nationwide school immunisation
campaign in which all children from 5 to 16
years of age were oVered measles and rubella
immunisation to avert a predicted measles epi-
demic in early 1995.1 4

Uniform coverage of around 95% with a
100% eVective vaccine is likely to be required
to eliminate measles in a stable population.5 A

two dose schedule will achieve virtually 100%
protection,6 but current first dose measles,
mumps, and rubella coverage is only 90.5%
and falling.7 Furthermore, children who fail to
receive the first dose of measles, mumps, and
rubella vaccine might be more likely to miss
preschool booster immunisation.8 To ensure
the success of the new two dose schedule it will
be important to target those children most at
risk of missing the second dose.We studied the
risk factors associated most closely with miss-
ing out on preschool booster immunisation.

Subjects and methods
STUDY POPULATION

Data were obtained from the computerised
child health system9 in December 1996 on all
children born in 1990 and living in the county
of South Glamorgan, Wales, in 1995. The
cohort included both children born in the
county and those born elsewhere who had
moved into the county before their 5th
birthday.

OUTCOME AND PREDICTOR VARIABLES

Uptake of preschool booster immunisation was
calculated as the percentage of children who
had been immunised by their 5th birthday. Pri-
mary immunisation was considered complete if
a child had received the full course of three
doses of diphtheria (used also as a marker for
tetanus and polio uptake) and pertussis.
Electoral ward of residence was determined on
the basis of each child’s postcode.
All potential factors thought to be associated

with preschool booster uptake and for which
data were available from the child health
system were investigated: (1) child sex—boy or
girl; (2) birth weight—grouped into > 2500 g
(normal birth weight) and < 2500 g (low birth
weight); (3) ethnic group—white or other; (4)
type of family—two parent or one parent; (5)
maternal age at birth of child—grouped into
< 20 years, 20–29 years, 30–39 years, and> 40
years; (6) type of resident—continuous (living
in the study district since birth) or moved in
(moved into the study district since birth); (7)
type of area of residence—categorised geo-
graphically by first half of postcode into
predominantly rural or predominantly urban;
(8) area deprivation score—electoral ward of
residence categorised by Jarman underprivi-
leged area score10 into low deprivation ward
(Jarman score < 0) or high deprivation ward
(Jarman score > 0); (9) immunisation
location—registered for immunisation at a
general practice surgery or at a community
child health clinic; (10) diphtheria immunisa-
tion status (D3)—received (or did not receive)
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the complete three dose primary diphtheria,
tetanus, and polio immunisation course; (11)
pertussis immunisation status (P3)—received
(or did not receive) the complete three dose
primary pertussis immunisation course; (12)
measles, mumps, and rubella immunisation
status (MMR)—received (or did not receive) a
single dose of measles, mumps, and rubella
immunisation.

DATA ANALYSIS

Associations between preschool booster immu-
nisation and each of the predictor variables
were examined first by univariate logistic
regression. For binary variables, unadjusted
odds ratios with 95% confidence intervals
(CIs) were calculated and for categorical
variables, stratum specific odds ratios with 95%
CIs were calculated. In the multivariate analy-
sis, associations between preschool booster
immunisation and all the predictor variables
were examined by multiple logistic regression.
Predictor variables were categorised into child
characteristics, location of immunisation, and
primary immunisation status. Odds ratios for

child characteristics were calculated after
adjusting for all other child characteristics only.
Associations with location of immunisation
and primary immunisation status were exam-
ined by adjusting for all other variables. Analy-
sis was performed using Stata for Windows,
version 4.11

Results
There were 6184 children in the birth cohort
and preschool booster immunisation coverage
was 91.4%. Immunisation uptake was associ-
ated significantly with ethnic group, lone
parent family status, and type of resident (con-
tinuous or moved in) but not with the child’s
sex or birth weight (table 1). Ethnic group lost
its significance after adjustment for other child
characteristics (adjusted odds ratio, 1.11; 95%
CI, 0.55 to 2.25), but the association with lone
parent status was only partly explained by con-
founding (adjusted odds ratio, 0.73; 95% CI
0.50 to 1.06). Children who had moved into
the district were significantly less likely to have
had their preschool booster than those who
were continuously resident, even after adjust-
ing for other variables (adjusted odds ratio,
0.18; 95% CI, 0.11 to 0.30). Booster uptake
was lower among children living in urban areas
or in more deprived electoral wards, but this
relation disappeared in the multivariate analy-
sis.
After adjusting for all other variables,

preschool booster uptake was associated most
strongly with a history of previous mumps,
measles, and rubella immunisation (adjusted
odds ratio, 10.02; 95% CI, 5.22 to 19.22) or a
history of a completed diphtheria, tetanus, and
polio primary course (adjusted odds ratio
17.09; 95% CI, 5.88 to 49.63) (table 2). In
contrast, only a weak association with pertussis
immunisation status remained (adjusted odds
ratio, 2.00; 95% CI, 1.17 to 3.40).
More than half (52.4%) of the children who

missed their preschool booster immunisation

Table 1 Influence of child characteristics on preschool booster immunisation uptake in
5 year old children living in South Glamorgan born in 1990 (n = 6184)

Factor Uptake

Odds ratio (95% CI)

Crude Adjusted*

Sex
Female 2742/3013 1.00 1.00
Male 2908/3171 1.09 (0.92 to 1.31) 0.99 (0.71 to 1.38)

Birth weight
< 2500 g 273/288 1.00 1.00
> 2500 g 4554/4794 1.04 (0.61 to 1.78) 1.29 (0.68 to 2.45)

Ethnic group
White 3647/3829 1.00 1.00
Other 237/259 0.54 (0.34 to 0.85) 1.11 (0.55 to 2.25)

Maternal age (years)
< 20 449/481 1.00 1.00
20–29 2865/3011 1.40 (0.94 to 2.08) 1.21 (0.71 to 2.07)
30–39 1438/1508 1.46 (0.95 to 2.25) 1.22 (0.67 to 2.24)
> 40 50/56 0.59 (0.23 to 1.49) 0.48 (0.15 to 1.53)

One parent family
No 3358/3518 1.00 1.00
Yes 1461/1556 0.73 (0.56 to 0.95) 0.73 (0.50 to 1.06)

Type of resident
Continuous 4647/4859 1.00 1.00
Moved in 1003/1325 0.14 (0.12 to 0.17) 0.18 (0.11 to 0.30)

Area of residence
Rural 580/613 1.00 1.00
Urban 4685/5029 0.77 (0.54 to 1.12) 0.72 (0.35 to 1.46)

Area deprivation score (Jarman)
< 0 1655/1757 1.00 1.00
> 0 3572/3839 0.82 (0.65 to 1.04) 1.05 (0.71 to 1.55)

*Odds ratios calculated after adjusting for all other variables.

Table 2 Influence of location of immunisation and immunisation history on preschool
booster immunisation uptake in 5 year old children living in South Glamorgan born in
1990 (n = 6184)

Factor Uptake

Odds ratio (95% CI)

Crude Adjusted*

Location of immunisation
GPs oYce 5106/5350 1.00 1.00
Health clinic 414/499 0.23 (0.18 to 0.30) 0.64 (0.35 to 1.19)

Had diphtheria (D3) immunisation
No 28/256 1.00 1.00
Yes 5622/5928 149.61 (99.38 to 225.20) 17.09 (5.88 to 49.63)

Had pertussis (P3) immunisation
No 507/781 1.00 1.00
Yes 5143/5403 10.69 (8.82 to 12.96) 2.00 (1.17 to 3.40)

Had measles, mumps, and rubella immunisation
No 98/359 1.00 1.00
Yes 5552/5825 54.16 (41.67 to 70.39) 10.02 (5.22 to 19.22)

*Odds ratios calculated after adjusting for all other factors in this table and for all variables in
table 1.

Figure 1 Predicted uptake of measles, mumps, and rubella
vaccine in 5 year old children living in South Glamorgan
born in 1990.MMR1,measles, mumps, and rubella
vaccine first dose;MMR2,measles, mumps, and rubella
vaccine second dose. *Assuming all children who attended
for preschool booster would also have received MMR2.
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had either missed their first dose of measles,
mumps, and rubella vaccine (48.9%) or failed
to complete their diphtheria, tetanus, and polio
primary course (42.7%). The negative predic-
tive value of previous measles, mumps, and
rubella immunisation for preschool booster
immunisation uptake was 72.7% and the nega-
tive predictive value of a completed diphtheria,
tetanus, and polio primary course was 89.1%.
In eVect, children who missed their first
measles vaccine dose were among those most
likely to miss the preschool measles dose. If we
assume that all children who attended for pre-
school booster immunisation would also have
received a second measles, mumps, and rubella
vaccine dose, then 4.2% of the cohort would
remain unimmunised against measles and a
further 6.0% would only have had a single
measles vaccine dose (fig 1).

Discussion
The most important risk factor for missing
preschool booster immunisation was failure to
complete primary immunisation including the
first measles, mumps, and rubella immunisa-
tion dose. This association was independent of
child characteristics or immunisation location.
Interestingly, identifying children who missed
pertussis immunisation was of much less
predictive value, presumably because this
reflects parental refusal of pertussis vaccine
rather than failure to attend for immunisation.
Children of one parent families and children
who had moved into the district since birth
were also more likely to miss preschool booster
immunisation, but other child characteristics
had little influence on uptake.
The main limitation of this study is that it

relies on the accuracy of data held on the com-
puterised child health system.9 Denominator
data is likely to be very robust because it is
based on birth notification (for children
continuously resident in the district) and on
tracking by the primary health care team and
family health register of children who move in
or out of the district. However, records might
be missing for some highly mobile children not
registered with a GP.Completeness of numera-
tor data is dependent on accurate reporting by
GPs and community health doctors of all
immunisations given. Immunisation sessions in
over 95% of general practices in South
Glamorgan are scheduled by the child health
computer system, which ensures comprehen-
sive data collection for all scheduled immunisa-
tions. There are also good supplementary
systems for collecting data from non-
participating practices and data on unsched-
uled immunisations. Finally, child health com-
puter data are also used to validate claims for
immunisation target payments made by gen-
eral practices, which thus have a vested interest
in ensuring their accuracy and completeness.
Data on children who have moved into the

area are much less complete than data on con-
tinuously resident children, particularly data
on child characteristics. This might account, at
least in part, for the observation that children
who had moved in were less likely to receive
preschool booster immunisation. However, the

association between primary immunisation
status and preschool booster uptake remained,
even after controlling for this variable.
Although this is the first study of risk

factors for missing preschool booster immunisa-
tion, numerous risk factors for missing
primary immunisation have been described in
previous studies.12–18 These include parental
attitude,13 14 birth order,14–16 18 family size,12 13 17

lone parent status,12 15 16 mobility,15 immunisa-
tion location,16 19 level of professional know-
ledge,13 14 and district deprivation score.12 15 16

Having a mother who smokes and being third or
later in birth order are risk factors for failing to
complete a full course of immunisation against
Haemophilus influenzae type b (given at 2, 3, and
4 months of age simultaneously with diphtheria,
pertussis, tetanus, and polio immunisations).18

Uptake of the first measles, mumps, and rubella
dose (given at 12 to 15 months of age) is
influenced most strongly by primary immunisa-
tion status, although there is also an association
with birth order, family size, one parent family,
and location of immunisation.16 17 General prac-
tices achieve better immunisation rates than
community health clinics probably because gen-
eral practices are rewarded for achieving immu-
nisation targets,19 and because of better commu-
nication between the practice team and the
family.13

About half of the children at risk of missing
preschool booster immunisation could be tar-
geted by identifying children who have failed
to complete primary diphtheria, tetanus, and
polio immunisation or who have missed the
first measles, mumps, and rubella dose.
Obtaining this information should be easy,
because the data are available either from the
general practice records or the local child
health computer system. Reaching these chil-
dren is more diYcult, because they are likely to
be from mobile or socioeconomically disad-
vantaged families. These families might need
extra support from the health visitor or
practice nurse. Flexibility and accessibility of

Key messages
+ High uptake of the new second measles,
mumps, and rubella vaccine dose is cru-
cial to achieving measles elimination in
the UK

+ Factors influencing uptake of existing
preschool booster immunisation are a
useful proxy for anticipated uptake of the
second measles, mumps, and rubella
dose

+ Preschool booster immunisation uptake
is associated most strongly with com-
pleted primary immunisation with diph-
theria, tetanus, and polio or measles,
mumps, and rubella vaccines

+ Targeting children who have missed
either of these primary immunisations
will identify about half of all children at
risk of missing the second measles,
mumps, and rubella dose

Risk factors for missing preschool booster immunisation 143
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immunisation sessions will need to be consid-
ered and opportunistic or domiciliary immu-
nisation strategies might have an important
role.13 20 21 These children could also be
targeted by the school health service at the
time of school entry.22 23

The introduction of the second measles,
mumps, and rubella dose to be given alongside
the preschool booster provides a second
opportunity to ensure that children have had at
least one measles vaccine dose. Predicted 90%
uptake for two measles vaccine doses (fig 1)
presumes that all children attending for the
diphtheria-tetanus preschool booster also re-
ceive measles, mumps, and rubella vaccine.
However, recent parental concerns about the
safety of the measles, mumps, and rubella vac-
cine mean that comparable coverage to the
diphtheria-tetanus booster cannot be taken for
granted. Achieving high measles immunisation
coverage in this age group is now vitally
important.2 8 The successful elimination of
measles in the UK depends on it.

We thank Mr N Wilton of the child health support team at
Health Solutions Wales for providing the immunisation data
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allocating area deprivation scores.
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