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This study examines the impact of measles vaccination on childhood mortality, based on longitudinal data
from the Matlab maternal and child health/family planning programme in rural Bangladesh. It analyses the
mortality experience of 8135 vaccinated and 8135 randomly matched nonvaccinated children aged 9-60
months, who were observed from March 1982 to October 1985. The results indicate that measles
vaccination had a pronounced impact on both short- and long-term survival-the mortality rates for
vaccinated children were as much as 46% less than those for nonvaccinated children. Immunization of
children aged up to 3 years with measles vaccine appears to improve significantly their subsequent
chances of survival. The findings underscore the need to give greater priority to measles vaccination
within primary health care programmes in settings such as rural Bangladesh.

Introduction
While measles remains an important cause of death
in young children in many developing countries (1, 2),
controversy persists about the extent to which
measles immunization might improve overall child
survival in such settings (3). The limited number of
available studies have not resolved this debate. A
study of measles immunization in Zaire concluded
that it had only a limited impact upon longer-term
survival (4); however, a re-analysis of these data (5),
as well as recent studies from Bangladesh and Sene-
gal (6, 7), suggest that measles vaccination has sig-
nificant and sustained effects on childhood mortality.

The above-mentioned study from Bangladesh, a
case-control analysis of 536 deaths and 1072 age-sex
matched controls, found that measles immunization
was associated with a 36% lower child mortality in
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the period April 1982 to December 1984 (6). The
present paper supplements this earlier analysis in
three respects. First, we used a cohort approach to
estimate the cumulative probabilities of survival up
to late 1985, thus extending the post-vaccination
period of observation for almost an additional year.
This allowed us to examine more fully the replace-
ment mortality hypothesis-i.e., whether the effects of
vaccination are sustained or whether competing risks
ultimately offset the short-term improvements in
mortality associated with measles vaccination (3,4).
Second, we examined the differential impact on mor-
tality by age at vaccination. Third, we analysed in
greater detail potential selection bias among the
vaccinees.

Subjects and methods
The data for the present analysis originated from the
Matlab rural field station of the International Centre
for Diarrhoeal Disease Research, Bangladesh
(ICDDR, B). Since 1966, ICDDR, B has maintained a
system of continuous surveillance of vital events in
Matlab. The demographic data that have resulted are
unique as far as developing countries are concerned
in terms of both their accuracy and size of the
population under surveillance (190000 in 1985) (8).

An experimental maternal and child iieiltih/
family planning programme was set up in roughly
half of the study area in late 1977 (9). In March 1982,
measles vaccine (Schwarz strain) was offered to all
children aged 9 months or older in two of the four
sub-areas in Matlab (blocks A and C), according to a
pre-set plan of phased introduction throughout the
whole intervention area (10). A detailed record-keep-
ing system was maintained on the vaccination status
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and date ofvaccination of all children aged < 5 years in
the intervention area. The coverage rates for measles
vaccination for children aged 9 months to 2 years in
these two blocks were 60-70% over this period (Fig.
1). In November 1985, measles vaccination was ex-
tended to the remaining two blocks (B and D); the
coverage levels rose sharply in these latter blocks and
equalled or surpassed those in blocks A and C within
a few months.

Since measles vaccination was phased in
gradually, this facilitates evaluation of its impact on
mortality. In the present study, the analysis cohort of
vaccinees consisted of all children in blocks A and C
who were immunized between the ages of 9 and 60
months from March 1982 to October 1985 (9133
children). These children were compared with a ran-
domly matched group of nonvaccinated children in
blocks B and D, according to the following criteria:
the latter children had no record of having been
vaccinated for measles during the study period
(records for only 8 children in blocks B and D
showed that they had received measles vaccination
during the study period); each nonvaccinee was born
in the same year and month as the corresponding
matched vaccinee; and each nonvaccinee must have
survived at least up to the date of vaccination of their
matched vaccinee. The baseline child mortality
rates in the two areas from which vaccinees and
nonvaccinees were drawn were similar (Table 1).

All vaccinees from blocks A and C were eligible
to be randomly matched with a corresponding non-
vaccinee. Of the original 9133 vaccinees in blocks A
and C, 8135 matched pairs could be made with

Fig. 1. Coverage ratesfor measles vaccination in blocks
A-D of the Matlab Intervention area, 1982-86. In the
calculation of the rates, the denominator was the number
of children aged 9 months to 2 years.

Table 1: Child mortality rates among 1-4-year-olds in the
Matlab Intervention area, Bangladesh, 1981-82

Mortality rate (per 1000 children)

Vaccinated blocks: Nonvaccinated blocks:

Year A C Both B D Both

1981 12.2 14.5 13.4 14.3 15.6 14.9
1982 19.6 14.7 17.0 18.4 16.4 17.5

nonvaccinees in blocks B and D. Matched non-
vaccinees could not be found for the remaining
998 vaccinated children, and these individuals were
therefore excluded from the study. Separate analysis
indicated that the excluded vaccinees were almost
identical with those included, in terms of their
socioeconomic and demographic characteristics,
as well as in their survival experience following
vaccination. The observation period was begun on
the date of vaccination for a vaccinee; for purposes
of comparison, this date was also assigned to the
matched nonvaccinee of the pair. All children were
followed until they died, migrated out of the study
area, reached 60 months of age, or until the end of
the study on 31 October 1985. Life-table techniques
and proportional hazards regression analysis were
used, since the children were observed for different
lengths of time, because of variations in the initial
data of observation as well as in losses to follow-up
(11). A total of 3.3% of vaccinees and 5.1% of
nonvaccinees migrated out of the Matlab area during
the study period.

Results
The results of life-table analysis of the impact of
measles vaccination on the mortality of 9-60-month-
olds are shown in Table 2. It is important to keep in

Block C mind that the time shown refers to that from the'date
of vaccination of the vaccinee ofthe matched pair. Fig.
2 shows the cumulative risks of mortality estimated
from these data. A clear difference in mortality was
observed between nonvaccinated and vaccinated

*; -iBlockDt children, and 12 months after the start of observation
|Blck B the mortality risk among the latter was 42% lower

/fi11' (21.4 versus 12.4 deaths per 1000). It is also evident
that this difference persisted over time. The mortality
risks among vaccinated children 42 months after
being immunized were still 40% lower, indicating
that the impact of measles vaccination on mortality

M M J S N J MMJ S NJ M MJS NJMMJS N J M MJ was not simply short-term. Overall, the difference in
1982 1983 198 1985 1986 the mortality risk by vaccination status was statis-
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Table 2: Results of life-table analysis of mortality risks according to measles vaccination status, Matlab Intervention
area, 1982-85

Time from
vaccination at
beginning of Nonvaccinated' Vaccinated"
the interval b
(months) n, d, w n, qi W, d, w q,

0 8135 47 529 7870.5 0.0060 8135 18 502 7884.0 0.0023
3 7559 40 491 7313.5 0.0055 7615 8 485 7372.5 0.0011
6 7028 39 565 6745.5 0.0058 7122 34 581 6831.5 0.0050
9 6424 39 479 6184.5 0.0063 6507 38 482 6266.0 0.0061
12 5906 35 648 5582.0 0.0063 5987 22 636 5669.0 0.0039
15 5223 28 397 5024.5 0.0056 5329 8 399 5129.5 0.0016
18 4798 38 669 4463.5 0.0085 4922 20 667 4588.5 0.0044
21 4091 34 541 3820.5 0.0089 4235 9 559 3955.5 0.0023
24 3516 13 573 3229.5 0.0040 3667 14 604 3365.0 0.0042
27 2930 10 386 2737.0 0.0036 3049 11 393 2852.5 0.0039
30 2534 7 451 2308.5 0.0030 2645 8 474 2408.0 0.0033
33 2076 6 447 1852.5 0.0032 2163 2 478 1924.0 0.0010
36 1623 1 485 1380.5 0.0007 1683 2 512 1427.0 0.0014
39 1137 2 465 904.5 0.0022 1169 1 487 925.5 0.0011
42 670 0 651 344.5 0.0000 681 0 663 349.5 0.0000

n,= number of observations at beginning of interval; d,= number of deaths during interval; w,= number of withdrawals during interval;
n'=effective number of observations; and q,=conditional probability of dying during interval.
b The large number of withdrawals arose mainly because many children in the study were only followed for brief periods. For example, a
child vaccinated in August 1985 could be followed for a maximum of 3 months, until October 1985, the end of the study.

tically highly significant (Gehan-Wilcoxon test:
2= 4.18, 1 degree of freedom, P <0.0001).

The results of the life-table analysis of the cumu-
lative mortality risks according to vaccination status
for groups with different age at vaccination are
shown in Fig. 3. The largest differences between
vaccinated and nonvaccinated children occurred for
those whose age at vaccination was <12 months

Fig. 2. Cumulative risk of death, by vaccination status,
Matlab Intervention area, 1982-85.
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(X2= 16.20, P <0.0001). Although the overall mortality
rate declined with increasing age, statistically sig-
nificant lower mortality risks were still observed for
children vaccinated both at 12-23 months and at 24-
35 months ofage (X2= 17.18, P< 0.0001, and X2= 11.16,
P< 0.001, respectively). While a reduction in mortality
was also observed for children vaccinated at 36
months of age or older, this was not statistically
significant (X2 = 2.57, not significant), probably
because of the relatively few deaths among such
children.

Potential selection bias In the study

Although vaccinees and nonvaccinees were randomly
matched for age and survival status up to the time of
vaccination, the possibility of selectivity among vac-
cinated children remains a potential source of bias."
Children who received measles vaccine in blocks A
and C could constitute a special group who may have
had higher chances of survival, even if they had not
been vaccinated. This possibility was considered from
several different perspectives.

' World Health Organization. Key issues in measles immuniza-
tion research: a review of the literature. EPI Global Advisory
Group Meeting, Washington, DC, 9-13 November 1987. Unpub-
lished document EPI/GAG/87/WP.10.
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Fig. 3. Cumulative risk of death, by measles vaccina-
tion status and age at vaccination, Matiab Intervention
area, 1982-4. a) Aged <12 months at vaccination; b)
aged 12-23 months at vaccination; c) aged 24-35 months
at vaccination; and d) aged > 36 months at vaccination.
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First, proportional hazards regression analysis
was carried out to control for the effects of the
following potential confounding variables that could
have influenced vaccination status and mortality
risks: birth order, sex, maternal education level, and
area of household (an indicator of socioeconomic
status in rural Bangladesh). The impact of measles
vaccination on mortality remained pronounced and
statistically highly significant even after controlling
for these factors (Table 3). This indicates that vaccin-
ated children experience an overall reduction in mor-
tality risk of 46%. The previously reported effects on
mortality for specific ages at vaccination were also
maintained when controls were introduced for the
additional risk factors outlined above, and were
statistically significant for all but the oldest age group
( 36 months).

Second, we examined whether the families of
vaccinated children differed from the general popula-
tion in terms of their general health behaviour and
use of health services, and whether this, rather than
vaccination, could primarily account for the lower
mortality of the vaccinated children. Data on one key
indicator-use of contraception-suggest, however,
that selectivity in health behaviour is unlikely io be
the principal explanation for the observed results,
since use of contraceptives was comparable among
mothers of vaccinated and nonvaccinated children at
the start of the immunization programme (28% and
27%, respectively).

Third, we investigated whether vaccinated
children in blocks A and C may have been self-
selected for better survival compared to nonvac-
cinated children from the same area. Separate
analysis indicated that one reason why children in
blocks A and C remained unvaccinated was because
many died in the period shortly after becoming
eligible for vaccination (9 months of age), i.e., they
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Table 3: Results of the proportional hazards analysis of the effect of measles vaccination status on mortality In the
Matlab Intervention area, 1982-85

Variable Relative risk" 95% confidence interval Significance

Vaccination status
Nonvaccinated 1.00
Vaccinated 0.54 (0.45, 0.65) P<0.0001

Parity
0 0.79 (0.64, 0.99) P<0.05
1-5 1.00

>6 1.21 (0.87, 1.68) NS
Sex
Female 1.91 (1.60, 2.29) P<0.0001
Male 1.00

Maternal education level (years)
None 1.52 (0.99, 2.32) NS
1-5 0.97 (0.62,1.54) NS
>6 1.00

Housing area (m2)
<18.6 1.38 (1.04, 1.83) P<0.05
18.6-37.2 1.15 (0.87,1.52) NS
> 37.2 1.00

'X2=133.20; 8 degrees of freedom; -2 log likelihood=9238.41; n=15 635.
b NS= not significant.

failed to live long enough to be vaccinated. This
suggests that some selection for improved survival
among vaccinated children in blocks A and C may
have occurred. The impact of this selection bias upon
our results was investigated. All 9-60-month-olds
from blocks A and C were considered; this included
9133 vaccinees and 1956 nonvaccinees. Nonvaccin-
ated children from blocks A and C born after May
1981 were assigned a date of vaccination correspond-
ing to 9 months of age; those born before this date
were assigned a date of February 1982, when the
immunization programme started. Using the same pro-
cedures and criteria as described above, these children
were matched randomly with the pool of all nonvac-
cinated children from blocks B and D, yielding a
total of 9871 children from each of the two areas.
Analysis of the data for these children indicated
slightly narrower but nevertheless pronounced dif-
ferences in mortality risks between the two groups;
after controlling for other risk factors, children from
blocks A and C experienced mortality risks that were
40% lower than those of their matched counterparts
from blocks B and D.

Discussion
The following caveats related to the study should be
noted. Foremost of these is the issue of potential
selection bias among vaccinees. While our analysis
indicates that vaccinees differ from nonvaccinees in

ways that prejudice the latter more towards death,
selection bias does not appear to be the principal
explanation for the lower mortality risks among
vaccinated children. The finding that there was a
40% reduction in mortality among the group of
nonvaccinated and vaccinated children from blocks
A and C-an analysis that included the effects of any
selection bias among acceptors-may therefore be
viewed as a minimum estimate of the impact of
measles vaccination on child mortality. The relatively
homogeneous socioeconomic status of the Matlab
population, together with the intensive outreach pro-
gramme that yielded high coverage rates by provid-
ing door-to-door measles vaccination to all children
(82% of all eligible children aged < 5 years in blocks A
and C), were both undoubtedly important in mini-
mizing the role of selection bias.

Second, the magnitude of the reduction in morta-
lity as a result of measles vaccination was somewhat
higher than that found previously in Matlab (46%
versus 36%) (6). Some of this difference may have
arisen because one of the two comparison blocks
from which nonvaccinees were drawn (block D) in
the present study experienced unusually high child
mortality levels during 1984 as a result of a localized
outbreak of dysentery. The procedures for selecting
nonvaccinees as well as the cohort analysis approach
that we employed are both likely to weight more
heavily the effects of high mortality in block D
than in the earlier study in Matlab. To take this
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into account, we reanalysed the data, considering
only pairs of nonvaccinees from block B and their
matched vaccinees. The results thus obtained indicate
a slightly lower but still highly significant reduction
in mortality associated with measles vaccination
(40%), after controlling for other confounding fac-
tors. A further explanation for the greater impact of
measles vaccination on mortality in the present study
is that our analysis followed children throughout the
1985 measles season, when the outbreak may have
been of unusual severity (J. Chakraborty, personal
communication, 1989).

Third, although we used randomized matching
procedures to select vaccinees and nonvaccinees, we
analysed the data unpaired, with each child
being followed for the maximum period of observa-
tion, regardless of the status of his or her matched
pair. However, when the analyses were repeated on a
matched-pair basis, i.e., with each child retained in
the analysis only up to the time his or her matched
partner remained in the study, the results were essen-
tially unchanged. Relative to nonvaccinated children,
those who were vaccinated continued to experience a
46% reduction in mortality risks.

Fourth, we did not include data on actual
measles cases among vaccinees and nonvaccinees,
owing to uncertainties about the completeness and
accuracy of this information. However, when chil-
dren who were reported to have had measles prior to
the actual (or assigned) date of immunization were
excluded, the results remained essentially the same.
Also, in the absence of such cause-specific data, only
overall mortality differences between vaccinated and
nonvaccinated children could be compared, with the
necessary assumption that differences in survival
between these groups reflect solely the impact of
measles and its associated complications.

Notwithstanding these caveats, the results of the
study provide unequivocal evidence of the impor-
tance of measles vaccination in reducing childhood
mortality in countries such as Bangladesh. Equally
important, the findings fail to substantiate the
hypothesis that high-risk children who are "saved"
from measles-related death subsequently experience
higher mortality from other causes, with little overall
net impact on their survival. Instead, our results
indicate that vaccinated children are likely to con-
tinue to experience markedly reduced mortality risks
throughout their early childhood. The importance of
measles vaccination as a means of improving child
survival was further enhanced by a separate analysis
which indicated that those children who are at the
greatest risk-females and those from the poorest
households-appear to benefit no less from immun-
ization (unpublished results).

It should at the same time be borne in mind that

the majority of deaths among under-5-year-olds in
the study population occur among children who are
less than the currently recommended age for measles
vaccination (9 months). Caution must also be exer-
cised in extrapolating the results of the present study
to settings other than Bangladesh, in view of the
probable differences in the epidemiology of measles
and in its overall importance as a cause of death.

Our results underscore the need to assign
greater priority to measles vaccination within the
WHO Expanded Programme on Immunization
(EPI). The use of measles vaccination coverage rates
as a primary indicator of programme and worker
performance would represent an important step in
this direction. Furthermore, in settings where the
infrastructure for delivering EPI remains weak and
progress towards universal coverage with all six
recommended vaccines has been slow, prioritization
to ensure that the coverage rates for at least measles
and maternal tetanus are high would appear to be
warranted, given their overriding importance in
reducing mortality (12).

Furthermore, our results provide support for the
current EPI strategy of giving priority to under-2-
year-olds for measles vaccination, in view of the
substantially higher mortality experienced by this age
group. At the same time, our findings suggest that
once high coverage levels with measles vaccine have
been achieved for this target group, efforts to reach
all children aged < 3 years could bring about important
additional reductions in mortality in settings similar
to rural Bangladesh.
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R6sum6
Influence de la vaccination antirougeoleuse
sur la mortallti Infantile dans une r6glon
rurale du Bangladesh
Cette etude evalue l'influence de la vaccination
antirougeoleuse sur la mortalite infantile a partir
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de donnees longitudinales fournies par le pro-
gramme de sante maternelle et infantile et de
planification familiale de la region rurale du
Matlab, au Bangladesh. L'analyse porte sur la
mortalite observ6e de mars 1982 a octobre 1985 chez
8135 enfants vaccin6s ages de 9 a 60 mois et 8135
enfants non vaccines apparies aux premiers de
fa9on aleatoire. Les resultats montrent que la vac-
cination a eu un effet prononce sur la survie, tant a
court terme qu'A long terme. Les taux de mortalite
des enfants vaccines ont ete nettement inferieurs
aux taux observes chez les enfants non vaccines,
la difference atteignant 46%. La vaccination des
enfants contre la rougeole jusqu'c I'age de 3 ans
semble ameliorer de fa9on significative leurs
chances ulterieures de survie. Ces resultats confir-
ment la necessite d'accorder une priorit6 plus
elevee a la vaccination antirougeoleuse dans les
programmes de soins de sante primaires actuelle-
ment en vigueur dans des regions presentant des
caracteristiques analogues a celles du Bangladesh
rural.
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