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Abstract: Introduction A study compared rates of measles transmission and force of infection in pre-vaccination era (1967),
and at measles vaccine coverage rates of 50-80% (1978-84) and > 90% (1989). Using measles surveillance data cumulative
proportions of measles cases by age were determined for the years 1967, 1978-89 (pooled) and 1989. From the cumulative
curves estimates of the age dependent rate of infection with measles (force of infection) was determined for the years 1967,
1978-84 and 1989. Results In 1967 and 1978-84 some 75% of all measles cases occurred by age group 36-47 months while in
1989 this occurred by age group 72-83 months thus measles transmission was most rapid in 1967 and least rapid in 1989.
Variation of force of infection between years 1967, 1978-84 and 1967 showed that force of infection was not significantly
different between the years for age groups 24-35, 36-47 and 48-59 months. Meanwhile, the force of infection varied between
the years in the rest of the age groups, with a significant reduction in force of infection over the years for age groups < 11, and
12-23 months; and significant increases in force of infection were observed in the age groups 60-71, 72-83, 84-95, 96-107 and
108-119 months. Conclusion Measles transmission rates in the community were highest in pre-vaccination era and least at
vaccination coverage rates of > 90% most likely due to effect of herd immunity. From pre-vaccination era (1967) to vaccine
coverage rates of > 90% (1989) there was a shift in force of infection from young age groups < 23 months to older age groups
of 60-119 months most likely due to accumulation of susceptibles in these older age groups. Shift in force of infection to older
age groups would have been responsible for the shift in age at infection to these older age groups.
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1. Introduction
Measles is a major cause of morbidity and mortality in
developing countries [1]. High measles vaccine coverage
rates have reduced disease, disability and death attributed to
measles [2]. Over and above the reduction in measles
morbidity and mortality, in developing countries widespread
measles vaccination has led to changes in measles
epidemiology that have included changes in transmission
patterns and force of infection [3]. A study was carried out in
the city of Gweru in Zimbabwe to investigate changes in
measles transmission rates and force of infection from the
pre-vaccination era in 1967 to 1989 when measles vaccine
coverage rates (for the vaccine applied at 9 months at age)
were > 90%.

2. Materials and Methods
A retrospective observational study used data from measles
vaccination records and measles disease surveillance data.
Rates of measles transmission in the community and force of
infection were determined for the years 1967 (pre-vaccination
period), 1978-84 (when vaccine coverage rates were 50-80%)
and 1989 (when vaccine coverage rates were > 90%).

3. Sources of Data
3.1. Vaccination Records
In Gweru, measles vaccinations were applied to children at
static health facilities since 1971 and vaccination records
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were available since then. Routine vaccinations were
indicated on child health cards and vaccination
records/statistics were compiled monthly.
3.2. Measles Disease Surveillance
The city of Gweru had an active measles surveillance
system. On this system, cases were identified on the basis
of a standard clinical case definition that was available to
all staff at all the city’s health centres and infectious
disease hospital. There were personnel that were assigned
to investigate unreported infectious diseases (including
measles cases) within communities (active case search).
Measles case surveillance/investigation forms indicated
age at infection, vaccination status, sex, presenting
features of disease, whether admitted into hospital or not,
treatment regime instituted, occurrence of any other cases
in relation to an identified case (which would also be
investigated), and outcome of illness (alive of dead). Data
on vaccination status of cases was only available from
1980 and not before. Complicated cases were managed at
the city’s single infectious disease hospital. Data on
measles cases and deaths were entered on line lists that
indicated the same variables as those on case investigation
forms. Data from the measles surveillance system were
compiled monthly.

cumulative curves or plots indicates proportion of population
who have experienced infection by each age group and rate
of rise of this proportion is a measure of the magnitude of
transmission in the population or community i.e. the steeper
the profile the more rapid the spread of infection in the
population.
These curves therefore give an indication of the speed at
which infection consumed susceptibles in various age groups.
In 1967 and 1978-84 some 75% of all reported measles
cases occurred by age group 36-47 months while in 1989 this
occurred by age group 72-83 months, meaning that rapidity
of measles transmission was steepest in 1967 and least steep
in 1989.

3.3. Data Analysis
Cumulative proportions of measles cases by age were
determined for the years 1967, 1978-89 (pooled) and 1989.
Because the cumulative proportion curves were well
age-stratified an estimate of the age-dependent rate of
infection with measles (force of infection) was determined
for the years 1967, 1978-84 (pooled) and 1989 from these
curves using methodology described by Grenfell and
Anderson [4].
3.4. Main Outcome Measures
(a) Measles vaccination coverage rates for the years 1967,
1978-84 and 1989
(b) Rates of measles transmission in the population in the
1967, 1978-84 and 1989
(c) Force of infection in the years 1967, 1978-84 and 1989

4. Results
4.1. Vaccine Coverage Rates
Vaccine coverage rates were 0% in pre-vaccination era in
1967 and > 92% in 1989. In1978-84 vaccine coverage rates
were 50-80% (median: 72, Q1 = 63, Q3 = 77)
4.2. Cumulative Age Distribution of Measles Cases: Rates
of Measles Transmission
Figure 1 shows three curves which are cumulative
proportions of measles cases by age for the years 1967,
1978-84 (pooled) and 1989. In this study each of the

Figure 1. Cumulative curves of reported measles cases for the years 1967,
1978-84 (pooled) and 1989.

4.3. Force of Infection
Table 1 and figure 2 show age stratified rate of infection
which is an indication of the likelihood of a susceptible
being infected per unit time in each age group. Highest
force of infection occurred in age group < 23 months in
1967. From age group 24-35 months susceptibility to
infection by age declined up till age 60-71 months when
force of infection petered off. In 1989 highest force of
infection was in age group 60-83 months with a peak in age
group 72-83 months.
In 1978-84 force of infection in age groups < 59 months
was something of a mirror image of susceptibility
experienced in 1967 but unlike in 1967 in age groups 60-119
months there was an increase in susceptibility to infection.
Table 1 shows variation in force of infection between the
years 1967, 1978-84 and 1989. It also shows trends in force
of infection between 1967 and 1989. Force of infection was
not significantly different between the years for age groups
24-35, 36-47 and 48-59 months. Meanwhile, the force of
infection varied between the years in the rest of the age
groups, with a significant reduction in force of infection over
the years for age groups < 11, and 12-23 months; and
significant increases in force of infection were observed in
the age groups 60-71, 72-83, 84-95, 96-107 and 108-119
months.
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Table 1. Variation in force of infection between the years 1967, 1978-84 (pooled) and 1989 and trends in force of infection in 1967-89.
Age groups in
months
< 11
12-23
24-35
36-47
48-59
60-71
72-83
84-95
96-107
108-119

Force of infection in years 1967,
1978-84 and 1989
1967
78-84
1989
0.19
0.18.
0.12
0.42
0.37
0.11
0.12
0.14
0.09
0.13
0.09
0.07
0.08
0.05
0.09
0.02
0.04
0.10
0.03
0.06
0.19
0.0
0.04
0.09
0.02
0.02
0.09
0.0
0.02
0.04

Variation in force of infection between the
years 1967, 1978-84 and 1989: χ2 (p-value)

Trends in force of infection between
1967 and 1989: χ2 for trend (p-value)

6.20 (0.045)
66.31 ( < 0.001)
2.42 (0.298)
4.17 (0.124)
5.91 (0.052)
18.71 ( < 0.001)
50.68 ( < 0.001)
18.85 ( < 0.001)
28.79 ( < 0.001)
9.22 (0.010)

4.56 (0.033)
54.13 ( < 0.001)
0.84 (0.360)
3.77 (0.052)
0.89 (0.346)
17.20 ( < 0.001)
41.24 ( < 0.001)
18.48 ( < 0.001)
21.53 ( < 0.001)
9.04 (0.003)

[6, 11-13] had been breached.
5.2. Force of Infection

Figure 2. Age stratified force of infection for the years 1967, 1978-84 (pooled)
and 1989.

5. Discussion
5.1. Rate of Transmission of Measles in the Population
This study found that rates of transmission of measles in
the population were most rapid in the pre-vaccination era
(and also at vaccine coverage rates of < 80%) particularly
among the young aged < 48 months with a lot less
transmission occurring among those > 48 months.
Studies from pre-vaccination era have shown that in
densely populated communities in developing countries
measles transmission was rapid and would consume mostly
the underfives such that by the third birthday three quarters
of a birth cohort would have been infected and very few
underfives would escape measles in childhood [5]. This
epidemiological picture is similar to what obtained in Gweru
in the pre-vaccination era.
The current study found that rates of measles transmission
in the population declined as vaccine coverage rates
increased with lowest rates of transmission experienced at
vaccine coverage rates of > 90%. At vaccine coverage rates
of > 90% measles transmission in the Gweru would have
been retarded by herd immunity [6-10] and this could have
been particularly so after measles vaccine coverage threshold

This study found that force of infection was highest in
children aged < 23 months (with a peak in 12-23 months) in
pre-vaccination era and at vaccine coverage rates of < 80%.
It was also found that in age group < 23 months force of
infection significantly declined in 1967-89.
A high force of infection in children aged < 23 months
found in the current study is in keeping with the observation
that in developing countries in pre-vaccination era measles
was predominantly a disease of the very young who would be
susceptible to infection after loss of transplacentally acquired
maternal antibodies [5]. Unlike findings of the current study,
in developed countries such as USA and UK in the
pre-vaccination era peak of force of infection was highest in
children aged 5-9 years [5, 14].
Decline in force of infection in children aged < 23 months
in 1967-89 observed in the current study would have been
due to improved levels of immunity in this age group arising
from continuous application of vaccine to successive 9 month
old cohorts (from the time vaccination was commenced in
1971) and the high vaccine coverage rates of > 90% that had
been attained among these cohorts by 1989.
The current study found that in 1989 highest force of
infection was in children aged 60-119 months (with a peak in
age group 72-83 months) and that the force of infection in
this age group had significantly risen in 1967-89. A study
that investigated susceptibility to measles infection in
children aged 10-119 months in the city of Gweru in
Zimbabwe in 1988 [15] had findings that were similar to
those of the current study. That study [15] found that children
in older age groups were more susceptible to infection than
those in younger age groups and this was blamed on
accumulation of vaccine failures (in these older age groups)
arising from a vaccine of less than 100% efficacy. Shift of
measles transmission from younger to older age groups that
is associated with accumulation of vaccine failures among
older age groups has occurred in some developing countries
with high vaccine coverage rates of measles vaccine applied
at 9 months of age [16-18]. A plausible explanation for the
change in age at infection from younger to older age groups
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would be that accumulation of vaccine failures led to an
increase in force of infection. It is most likely that increase in
force of infection in older age groups found in the current
study in years 1978-84 and 1989 would have arisen from a
similar experience.
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insights and definitions. E J Epidemiol, 2000; 16: 601-606.
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6. Conclusion
Measles transmission rates in the community were highest
in pre-vaccination era and least at vaccination coverage rates
of > 90% most likely due to effect of herd immunity. From
pre-vaccination era (1967) to vaccine coverage rates of >
90% (1989) there was a shift in force of infection from young
age groups < 23 months to older age groups of 60-119
months most likely due to accumulation of susceptibles in
these older age groups. Shift in force of infection to older age
groups would have been responsible for the shift in age at
infection to these older age groups.
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