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Abstract: A study was carried out in Gweru urban district (population-158233) in Zimbabwe to determine the impact of
measles vaccine applied at 9 months of age on measles transmission patterns. A retrospective observational study that used
data from measles vaccination records and measles disease surveillance was conducted. Linear regression analysis and the chisquared test for linear trend (χ2) were used to investigate linear relationships at a 5% significance level. Vaccine coverage rates
were 0% in pre-vaccination era in 1960-70 and 2-92% in 1971-89 (median=65, Q1=34, Q3=88) when they significantly linearly
increased (p<0.001). In 1960-85 measles incidence rates significantly linearly increased (p<0.001) while in 1986-89 at vaccine
coverage rates of >90% incidence rates significantly linearly declined (p<0.001). Proportion of vaccinated cases among
measles notifications significantly linearly increased as vaccine coverage rates increased (Slope: +1.19, 95% CI [0.52, 1.86]).
At vaccine coverage rates of >80% (1984-89), proportion of vaccine failures among cases aged 60-119 months was
significantly higher than at vaccine coverage rates of <80% (1971-83) (p=0.011) while in age group 10-59 months proportions
of vaccine failures were not different at vaccine coverage rates of <80% and >80%. In age group 60-119 months incidence
rates significantly linearly increased as vaccine coverage rates increased (Slope: +29.88, 95 CI [13.95, 45.82]). In prevaccination era, and at vaccine coverage rates of <80% and >80% some 75% of all reported measles cases occurred by age 3647 months, 48-59 months and 72-83 months respectively. In conclusion, measles incidence rates declined at vaccine coverage
rates of >90%, while measles vaccine failures significantly increased as vaccine coverage rates increased. Increasing measles
vaccination coverage led to shift of age at infection from age group <59 months to age group 60-119 months and decline in
rates of measles transmission.
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1. Introduction
In the pre-vaccination era in Africa measles was
predominantly a disease of the young and had a devastating
impact on unvaccinated populations [1]. Widespread measles
vaccination programmes have led to changes in transmission
patterns of measles that have included increasing the average
age at infection [1, 2] which has led to reduction in mortality
from measles because mortality is inversely related to age at
infection [3]. In the city of Gweru in Zimbabwe it was
observed in the late 1980s that vaccination had led to changes
in epidemiology of measles. In this city vaccination against

measles was commenced in 1971 and accelerated with the
advent of the Expanded Programme on Immunization (EPI)
in 1982-83. In 1971-89 a single dose of live hyper-attenuated
Schwartz strain vaccine (0.5 mls or 1000TCID50) was applied
to children at 9 months of age. Gweru is the third largest city
in Zimbabwe and has a population of 158233 [4]. Measles
vaccine was applied to children at 9 months of age at static
health facilities and no vaccination campaigns were carried
out outside health facilities. This paper reports on a study that
examined the impact of this vaccination regime on measles
transmission patterns and explored implications of this
impact on measles control.
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2. Materials and Methods
2.1. Study Design
A retrospective observational study that used data from
measles vaccination records and measles disease surveillance
data related vaccination rates to dependent variables.
2.2. Study Area
The study was conducted in the urban district of Gweru,
Zimbabwe.
2.3. Sources of Data
2.3.1. Vaccination Records
In Gweru, measles vaccinations were applied to children at
eight static health facilities since 1971 and vaccination
records were available since then. No vaccinations were
being applied outside these health facilities. Routine
vaccinations were indicated on child health cards and
vaccination records/statistics were compiled monthly.
2.3.2. 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 are 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.
2.3.3. Main Outcome Measures
The main study outcome measures were; (a) Measles
vaccination coverage rates, (b) Measles incidence rates, (c)
Changes in age distribution of measles cases, (d) Vaccination
status of measles cases, (e) Risk of contracting measles by
age: age stratified measles incidence rates, (f) Rate of spread
of infection in the population: age stratified cumulative
proportions of measles cases.
2.3.4. Data Analysis
Medians and interquartile range (IQR) were used to
describe continuous non-normally distributed data.
Frequencies and percentages were used to describe
categorical data. Measles vaccine coverage rates were
calculated by dividing the number of vaccine doses
administered to those in a specified target age group by the
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estimated target population. Measles incidence rates were
calculated as the number of notified cases per 100 000 total
population. Denominators used to calculate measles
incidence and vaccine coverage rates were obtained from
census and inter-census data.
The Kruskal-Wallis (KW) test was used to compare
medians of non-normally distributed data. Linear relationship
was established using the Chi-squared test for linear trend or
simple linear regression analysis, were appropriate All tests
were two-sided and the cut off point for statistical
significance was 5%. Data were analyzed using SPSS 20.0
for Windows.
Measles case notifications were pooled by age for the
years 1967-70, 1971-83 and 1984-89. These notifications
were pooled in line with three levels of measles vaccine
coverage i.e. pre-vaccination (1967-70), vaccine coverage
<80% (1971-83), and vaccine coverage of >80% (1984-89).
From these pooled case notifications age stratified
cumulative proportions of cases were determined. Three
cumulative curves or plots were made from the age stratified
cumulative proportions of cases. Each of the cumulative
curves or plots reflected proportion of population who had
experienced infection by each age group and rate of rise of
this proportion was a measure of the magnitude of
transmission in the population, i.e. the steeper the profile the
more rapid the spread of infection in the population. These
curves therefore gave an indication of the speed at which
infection consumed susceptibles in various age groups

3. Results
3.1. Measles Vaccination Coverage Rates and Measles
Incidence Rates
Vaccine coverage rates were 0% in pre-vaccination era in
1960-70 and 2 - 92% in 1971-89 (Median 65, Q1= 34, Q3=88)
when they significantly and linearly increased (χ2 for linear
trend= 567.1, p<0.001) figure 1.
Measles incidence rates in Gweru in 1960-89 were 56.3562.6/100 000 population (median: 215.8, Q1=131.8,
Q3=304.9). Incidence rates in 1960-85 were 56.3- 562.6/100
000 population (median: 203.6, Q1=128, Q3=304.9) and these
rates significantly linearly increased in this period (χ2 for
linear trend=219.75, p<0.001) (figure 1). In 1986-89, measles
incidence rates were 141.7-361.1/100 000 population
(median: 253.95, Q1=197.4, Q3=309.5) and these rates
significantly linearly declined (χ2 for linear trend = 85.41,
p<0.001). In 1960-89, measles incidence rates did not exhibit
a discernable pattern of epidemics and inter-epidemic
periods.
3.2. Changes in Age at Infection
Data on measles cases that is disaggregated by age was
available in Gweru since 1967 and not before. Figure 2
shows distribution of measles cases reported in each age class
(for selected years) in the period 1967-89. Measles
notifications for the pre-vaccination period, 1967-70, were
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of <59 months towards older age groups of >60 months from
pre-vaccination era in 1967-70 up till 1989 when vaccination
coverage rates were >90%.
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Figure 1. Measles vaccine coverage rates and measles incidence rates in Gweru city 1960-89.

Figure 2. Measles case notifications by age in Gweru city 1967-89.

3.3. Vaccination Status of Measles Cases
Data on vaccination status of measles cases was available
in Gweru since 1980. In 1980-89 among all reported measles
cases 22.2-70.4% (median: 51.8, Q1=42.6, Q3=58.7) had had
measles vaccination (vaccine failures). As vaccination
coverage rates increased, the proportion of vaccine failures
among all measles case notifications significantly linearly
increased (Regression coefficient = 1.19, 95% CI [0.52,
1.86], Adjusted R2=63.7%) - figure 3.
Proportion of vaccine failures in age group 10-59 months
(among all cases reported in this age group) were not

significantly different at measles vaccine coverage rates of
<80% and >80% in 1980-89 (KW χ2 = 6.01, df=1, p=0.140)
while in the same period proportion of vaccine failures in
age group 60-119 months were significantly higher at
vaccine coverage rates of >80% than at coverage rates of
<80% (KW χ2 = 6.55, df =1, p= 0.011). As measles
vaccination coverage rates increased, proportion of vaccine
failures in age group 60-119 months (among all cases
reported in this age group) significantly linearly increased
(Regression coefficient = 1.17, 95% CI [0.35, 1.99],
Adjusted R2=52.1%).
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Figure 3. Measles vaccination coverage rates and percentage of vaccine failures (vaccinated cases) among all reported measles cases in Gweru city 1980-89.

3.4. Risk of Contracting Measles by Age in 1967-89:
Measles Incidence Rates in Age Groups<=9, 10-59 and
60-119 Months
Measles incidence rates in age groups <=9, 10-59 and 60119 months in 1967-89 are indicated in figure 4. In prevaccination era and at vaccine coverage rates of <80%
and >80% measles incidence rates in age group <=9 months
were not significantly different (KW χ2 = 3.653, df = 2, p =
0.161) and so were incidence rates in age group 10-59

months (KW χ2 = 1.63, df = 2, p=0.443). Measles incidence
rates in age group 60-119 months in pre-vaccination era, and
at vaccine coverage rates of <80 and >80% were significantly
different (KW χ2 = 6.11, df = 2, p = 0.047). As measles
vaccine coverage rates increased measles incidence rates in
this age group significantly linearly increased (Regression
coefficient = 29.88, 95% CI [13.95, 45.82], Adjusted R2 =
39.2%).

Figure 4. Measles Incidence rates in age groups <=9, 10-59 and 60 -119 months in Gweru city 1967-89.
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3.5. Cumulative Age Distribution of Measles Cases: Rate of Spread of Infection
Figure 5 shows three curves which are cumulative proportions of measles cases by age for the years 1967-89.

Figure 5. Cumulative proportion plots of reported measles cases for the years 1967-70 (pooled), 1971-83 (pooled) and 1984-89 (pooled) in Gweru city.

In 1967-70, 1971-83 and 1984-89, some 75% of all
reported measles cases occurred by age group 36-47 months,
48-59 months and 72-83 months respectively and thus
measles transmission was most rapid in 1967-70 and least
rapid in 1984-89.

4. Discussion
4.1. Measles Incidence Rates
The current study found that in the pre-vaccination era
(1960-70), and at vaccine coverage rates of <82% (1971-85)
measles incidence rates significantly increased and did not
exhibit a discernible pattern of epidemics and inter-epidemic
periods. It was also found that at vaccine coverage rates
of >90% in 1986-89 measles incidence rates significantly
declined.
Several factors could have contributed to the observed
significant increase in measles incidence rates in 1960-85.
Lack of vaccination in the pre-vaccination era and low
measles vaccination coverage rates in 1971-83 may have
sustained high measles transmission. High birth rates and
population movements from rural to urban areas could have
added lots of susceptibles to the urban population thus
keeping transmission high [1, 5-9]. Lack of a discernible
pattern of epidemics and inter-epidemic periods in 1960-89
may be indicative of an unstable population growth
environment where susceptibles were introduced into the
urban population in big numbers. While high birth rates and
migration could have ensured a continuous supply of

susceptibles, densely crowded urban living conditions could
have led to rapid transmission of measles [10, 11]. In this
study the role of (a) birth rates, (b) rural to urban population
movements and (c) overcrowded living conditions in
sustaining high measles transmission in Gweru were not
investigated. A possible reason for the observed increase in
measles incidence rates in 1960-85 could be improved
disease surveillance and reporting of measles cases over the
years. There is no doubt that as years progressed surveillance
of communicable diseases (including measles) improved.
Measles incidence rates significantly declined in Gweru at
measles vaccine coverage rates of >90% in 1986-89. This
finding is very much in keeping with experiences elsewhere
where sustained high vaccine coverage rates led to decline in
measles transmission in communities [12-14].
4.2. Vaccination Status of Measles Cases
In this study it was found that as vaccination coverage
rates increased, proportion of vaccine failures among
reported measles cases significantly increased.
Occurrence of vaccine failures is blamed on a vaccine of
less than 100% efficacy [15-18] or waning immunity [17-19].
With a vaccine of less than 100% efficacy as vaccine
coverage rates increase there would be more vaccine failures
among reported cases while at lower vaccine coverage rates
fewer vaccine failures are created. Increases of vaccine
failures have had important public health implications in
relation to measles control. Accumulation of vaccine failures
in developing countries with moderate to high measles
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vaccine coverage rates has led to epidemics after a decline in
measles transmission [18, 19]. A policy issue of importance
that would arise from this is that it would not be possible to
either eliminate [20-22] or eradicate [23-25] measles using a
strategy that would solely rely on a single application at 9
months of age of a vaccine of less than 100% efficacy as was
the case in Gweru prior to 1989.
4.3. Changes in Age at Infection: Shift of Disease from
Young Age Group of <59 Months to Older Age Group
60-119 Months
The current study found that in pre-vaccination era
measles predominantly afflicted the young (<59 months age
group) and as vaccine coverage rates increased the disease
shifted to older children of 60-119 months of age. It was
found that the shift of the disease to these older children was
associated with a significant increased susceptibility
(increased risk) of contracting measles by this age group
compared to younger age group of <59 months. Also, it was
found that as vaccine coverage rates increased there was a
significant increase in occurrence of vaccine failures in this
age group.
From the findings of this study, shift of disease to age
group 60-119 months is likely to have arisen from increased
susceptibility to contracting measles due to accumulation of
vaccine failures in this age group. Explanation for
accumulation of these vaccine failures among older children
(and even adults) has been that for vaccine applied in infancy,
vaccination of large proportion of the community reduces
chances for susceptibles to be exposed to the infectious agent
in infancy such that they are exposed at an older age leading
to an increase in average age at infection [18, 26-29]. Shift of
measles transmission from younger to older age groups that
is associated with accumulation vaccine failures among older
age groups has occurred in some developing countries with
high vaccine coverage rates of vaccine applied at 9 months of
age [18, 19, 30]. Measles epidemics that have occurred in
communities and schools in Cape Town in South Africa [19],
Swaziland [27], Jordan [30], and Harare, Zimbabwe [31]
have mostly involved children who are older than 60 months
of age most of whom had had vaccination. Some epidemics
that have occurred among older children in schools have been
associated with secondary cases in younger siblings in the
community [16]. In developing countries high occurrence of
measles in children aged >60 months in 1989 and before was
problematic in that, as a matter of policy, children were
routinely only vaccinated at 9 months of age and not at an
older age in that period. A public health implication of this
would be that to reduce likelihood of epidemics in these
susceptible older age groups there would be need to apply
vaccination in these groups as a matter of policy.
Shift of disease to older children would have had
implications on measles mortality. Studies from Gweru and
elsewhere have shown that shift of measles in older children
was protective against occurrence of complications and
mortality [1, 3].
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4.4. 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
particularly among the young aged <48 months with lower
transmission occurring among those >48 months. The study
also 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 >80%.
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 [32].This
epidemiological picture is similar to what obtained in Gweru
in the pre-vaccination era.
At vaccine coverage rates of >80%, measles transmission
in the Gweru would have been curtailed by herd immunity
[33-37] and this could have been particularly so after 1985
(at coverage rates >90%) when the measles vaccine coverage
threshold [34, 37-39] had been breached. There are two
findings from the current study that would support this
observation:
(a) This study found that in the period under review
measles was endemic in Gweru and that measles incidence
rates significantly increased from pre-vaccination era up till
1985 while at vaccine coverage rates of >90% in 1986-89
there was a significant and sustained decline in measles
incidence rates.
(b) At vaccine coverage rates of >80%, slightly over a
third of all measles cases reported in Gweru were of age
group 60-119 months. In this age group 63% of cases were
vaccine failures while the remainder had not had vaccination.
A likely explanation why both the vaccine failures and the
unvaccinated of this age group escaped contracting measles
up till this age is that they were protected by herd immunity.

5. Conclusion
Impact of measles vaccine applied at 9 months of age on
measles transmission patterns was that:
(a) Measles incidence rates declined at vaccine coverage
rates of >90%
(b) Measles vaccine failures significantly increased as
vaccine coverage rates increased
(c) Age at infection shifted from age group <59 months to
age group 60-119 months (as vaccine coverage rates
increased) likely due to increased susceptibility of the latter
age group arising from accumulation of vaccine failures in
this group.
(d) Rates of transmission of measles in the population
declined (as vaccine coverage rates increased) likely due the
fact that herd immunity retarded transmission.
Implications of this impact were that:
(a) Shift of disease from the younger to older age groups

71

Tawanda Marufu et al.: Impact of Vaccination on Measles Transmission Patterns in Gweru City, Zimbabwe, 1960-89

meant there would be less mortality among the young.
(b) Shift of disease to older children (most whom were
vaccine failures) meant that there would be need to apply
vaccination to this group to reduce likelihood of occurrence
of epidemics in the future.
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