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SUMMARY

The World Health Organization has adopted targets of reducing measles cases by 90%
and measles deaths by 856% from pre-immunization levels by 1995. These targets
were endorsed by major international health agencies including'J.S.A.l.D. at the World
Summit for Children in 1890.

Global measles vaccine coverage was estimated to be 78% in 1990 and measles
vaccine efficacy is now assumed to be 85% with the EPl recommended schedule. In
1990, 39.5 millien cases of measles occurred glohally with three-fifths of these cases
in Africa and Asia. Reducing the incidence of measles by 90% from pre-immunization
levels will require high rates of both vaccine coverage and vaccine efficacy. At high
levels of coverage, low vaccine efficacy is the main impediment to reducing cases.
To achieve 90% protection with a one-dose measles vaccine schedule, both coverage
and efficacy must exceed 95%. With a two-dose schedule, 90% protection can be
achieved with a coverage of 85%.

In 1930, there were an estimated 1.2 million deaths due to measles with three-fourths
of deaths occurring in Africa and Asia. Measles mortality depends on susceptibility
to measles and the case fatality ratio (CFR). WHO has estimated measles CFRs in
developing countries to he 2-4%. At high levels of coverage, a high risk of death in
cases is the most impcrtant impediment to reducing measles deaths. With 90%
coverage, the CFR must be reduced among the remaining cases in order to achieve
a 95% reduction in deaths. The overall CFR in the pre-immunization era was
estimated to have been 5% in developing countries and the current rate is estimated
to be about 3%. Reducing measles deaths by 95% could be achieved with 20%
coverage with one dose and a 1% overall case fatality ratio. With a two-dose
schedule and 85% coverage the goais could still be achieved with a CFR as high as
2.0%.

Reducing cases will depend on adopting control programs that are optimal for the
country situation and goals. In many countries with low coverage, the key to success
is better application of the current strategy of one dose at nine months of age through
building infrastructure and improved management. In countries with an established
EPI, alternative or additional strategies may be appropriate, including alternative
vaccines, alternative schedules and two-dose strategies. Approaches 1o reducing
deaths involve both decreasing the number of cases and improving case management.
Vitamin A treatment of measles cases holds the greatest prumise for reducing the
CFR.

Measles surveillance is crucial to determining the success of existing programs and
guiding new program initiatives.



I INTRODUCTION

More than 25 years after the introduction of measles vaccines and 14 years after the
start of the Expanded Program on Immunization (EPI), measles continues to be a
significant health problem in many developing countries. Measles is the most
important cause of vaccine preventable deaths in children, causing more deaths
worldwide than all other childhood vaccine preventable diseases combined’. Because
of low vaccine, coverage measles is a major problem in Africa.

In 1989, for the first time, the international community agreed on specific targets for
the control of measles?. These targets are: 1) Increase measles vaccine coverage in
children under one to 90% by 2000, 2) Decrease measles cases by 90% compared
to pre-immunization levels by 1995 and 3) Decrease measles deaths by 95%
compared to pre-immunization levels by 1995. These targets are intended to be the
basis for "eradication of measles in the longer run." These targets were endorsed by
major international health organizations including the World Health Organization, the
Global Advisory Group of WHO/EPI, the Task Force for Child Survival and U.S.A.l.D.

Adoption of these targets represents a fundamental change in the focus of EPI from
raising coverage to decreasing disease. At the beginning of EPI, the epidemiology of
measles was sufficiently similar in all developing countries that a common strategy
was appropriate. This strategy called for a single dose of standard measles vaccine
to all infants at nine months of age. Given a policy based on service delivery, EPI has
aimed to maximize coverage with little modification of policy based on the local
epidemiology of the disease. However, the epidemiology of measles has been altered
in most countries by immunization programs. The distribution of cases by age, time
and place is now different from the pre-vaccination era. Immunization strategies that
have been used to bring us to the current level of disease control may not be
appropriate to achieve the new reduction targets or eradication goal. Local conditions
must now be taken into consideration.

The purpose of this paper is to 1) clarify issues in defining and measuring the 1995
measles control targets, 2) identify strategies for improving measles control and 3)
identify those areas where U.S.A.|.D. efforts can be most effective in measles control
in developing countries.

This paper is not an exhaustive review of all issues in measles control. We have
focused on those areas that could have a direct effect on development of policies and
methods for achieving the measles control targets.



. ESTIMATES OF THE CURRENT LEVEL OF MEASLES CONTROL

It has been difticult to determine accurately the current level of measles control
because of limitaticns in the surveillance of disease. Routine surveillance for measles
cases is inadequate in nearly all developing countries. In 1988, the last year for which
reasonably complete reports are available, WHO received reports of 2.1 million cases
of measles globally but estimated that over 50 million cases prcbably occurred,
resulting a reporting completeness of less than 5%* WHO/EPI does not routinely
collect reports of measles deaths.

To estimate the impact of EPl on measles in the face of inadequate surveillance, WHO
has developed a method of estimating measles cases and deaths. This method is
based on estimates of immunization coverage, vaccine efficacy and case fatality ratios
combined with the number of newborns and infant mortality rates. It will be used to
assess the status of measles control, the expected effect of interventions and the
operational requirements to meet the measles control targets.

A. The WHO Method for Determining Measles Cases and Deaths
The number of measles cases is estimated by WHO using the following expression:
Cases = Susceptibility ® Number of Surviving Infants (1)

This model assumes that protection is lifelong and that all unprotected people will get
measies during their lifetime. Therefore, the number cf measles cases per cohort will
equa! the number unprotected by immunization in that cohort. It is further assumed
that the number of cases per year is equal to the number of infants unprotected by
immunization in each cohort.

An infant is considered susceptible to measles if he/she was not effectively
immunized. Immunization coverage overestimates the rate of protection as
vaccination does not always result in immunity and some vaccine is administered to
children who have already had measles. The ability of a vaccine to prevent disease
is the vaccine efficacy (VE). The product of VE and coverage is the estimated rate
of protection and the rate of susceptibility can be estimated from this express:on;

Susceptibility = 1-(VE ®Coverage) 2}

An infant becomes susceptible to measles when maternally acquired antibody declines
to a level that is low enough to allow for infection with the wild virus. The decline
in maternal antibody to below protective levels varies but most infants are susceptible
by the age of six months. Nearly all infants in developing countries are susceptible
to measles by the age of 12 months. A "surviving infant” (Sl) is one who suivives
to one year of age. Since about 75% of infant mortality occurs by the age of six
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months®, the estimated number of "surviving infants” will be assumed to equal the
number of infants susceptibie to measles (i.e., SI= 1-{.75*IMR). By combining the
above equations, the number of measles cases is estimated by:

Cases = 1-(VE ® Coverage) ® S/ (3)

The estimated number of measles deaths is the estimated number of cases multiplied
by the estimated case fatality ratio:

Deaths = Cases ® CFR (4)

B. Estimates of Vaccine Coverage, Vaccine Efficacy and Case Fatality Ratios

Of the parameters in equations {3) and (4), measles vaccine coverage, vaccine
efficacy, and measles case fataiity ratios are those that are of primary interest for
measles control. These parameters can be estimated from existing data.

1. Estimated Measles Vaccing Coverage

The trends in measles immunization coverage globally and from the WHO African
Region (AFRO) from 1984-1990 are shown in Figure 1. In 1990, the global and
AFRO coverage levels for measles vaccine reached 78% and 54 %, respectively.
These figures include recent accelerations to achieve the 1990 target of 80%
coverage. These data show an increasing trend in coverage but with a widening gap
betvveen global and AFRO coverage. It should be noted that these figures are
typically coverage figures for infants less than one year of age. Often, they do not
reflect the results of immunizations in older children or a child who receives mere than
one dose of vaccine. In this paper, coverage estimates published by EPI will be
assumed to represent the number of infants immunized by one year of age.

2. Estimated Vaccine Efficacy

The antibody response following vaccination is an indirect measure of the ability to
prevent disease and serum antibodies have correlated with protection in several
studies. Protection following immunization depends on the ability of a vaccine to
prevent disease. Published studies of the serologic response to measles vaccination
of nine-month-olds is presented in Table 1. These studies give an overestimate of
vaccine performance as they have been done under controlled conditions of vaccine
storage, transport, handling and administration. The median figure from these studies
is 86%.



Protection against disease is directly measured by assessing field efficacy which is
measured by comparing disease rates in immunized and unimmunized persons.
Published studies of vaccine efficacy in developing countries is presented in Table 2.
The median figure of vaccine efficacy in these studies is 72%. Several of the low
efficacy rates reported in these studies were probably due to poor handling of vaccine
or methodologic issues. ‘With good immunization practices, the vaccine efficacy
should approximate the serologic resnonse rate. In this paper, it will be assumed that
measles vaccine efficacy is 85%, the estimate currently used by EPI.

3. Estimated Case Fatality Ratios

A crucial factor in estimating the number of measles deaths is the rieed to estimate
measles case fatality ratios (CFR). A sample of the published reports on age-specific
case fatality ratios is shown in Table 3. Recent evidence suggests that measles can
contribute to delayed excess mortality for up to two years following the acute
iliness.>*™® The implications of delayed mortality are that deaths from measles may
have been underestimated or attributed to other causes.

Widespread immunization could affect the CFR for measles in different directions.
There may be an apparent increase in CFR as children who are at lower risk of death
could be selectively immunized. Such factors as access to care, maternal education
and socic-economic status, which are risk factors for non-immunization, also correlate
with severe disease and mortality. As immunization coverage increases,
proportionately more measles cases will cccur among children who will have higher
mortality following measles, resulting in an apparent rise in CFR.

There also could be a decrease in the CFR if immunization of some children results in
decreased measles transmission and an increase in the average age of contracting
measles as has occurred in some countries. Since the burden of disease shifted to an
older age group, there was an overall decrease in the CFR although age-specific death
rates remained constant. In several developing countries the CFRs are declining with
increased coverage.

Two lines of argument suggest that the CFR from measles in the pre-immunization era
was approximately 5%: 1) The average age of disease was 1-4 years where the CFR
has been in the 5% range (Table 3). 2) The estimated infant mortality rate in the pre-
immunization era was 15-20% and approximately one-fourth of infant deaths were
attributable to measles in several studies. In recent years, EP| has used 3% as the
overall CFR for measles in developing countries. This is probably an underestimate
of the true CFR, but 3% may bec a reasonable estimate for 1995. Over the period
1975 to 1995, we assume that the CFR may fall from 5% to 4% because of
improvements in clinica! care. With increased immunization coverage, the CFR could
fall to 3% because of a shift in the age distribution of measles to older children.
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C. Estimates of the Number of Measles Cases and Deaths

1. Estimated Number of Measles Cases

Without immunization it is assumed that the entire 1990 surviving global birth cohort
of 117 million infants would acquire measles (Table 4). This estimate is slightly higher
than WHO estimates as WHO assumes that only 90% of susceptible persons will
acquire measles. Using the WHO method, 66% of the 1990 birth cohort is protected
while 34% remain susceptible.” When this rate is applied to the 117.1 million
surviving infants in 1990, there were 39.5 million unprotected infants who probably
contracted measles. Most of the cases occurred in Africa and Asia because of large
numbers of newborns combined with low coverage. In Africa and South East Asia the
estimated number of measles cases is equal to about three-fifths of the birth cohort.

2. Estimated Number of Deaths

The number of measies deaths in 1990 was estimated by appiying an estimated 3%
CFR to the number of estimated cases (Table 4). Since 34% of the 1990 cohort was
susceptible, the death rate in the cohort was ~1% (.34 @ .03). If this death rate is
applied to the 1990 birth cohort of 117 million infants, there were 1.2 million deaths
from measies in 1920. Approximately three-fourths of all measles deaths occurred
in Africa and Asia.

D. Operatioral Definition of the 1995 Measles Control Targets

An operational definition expresses the targets in terms of factors that can be
influenced by the program. This section will define the measles control targets in
terms of coverage, vaccine efficacy and case fatality rates.

1. Operational Definition of the Case Reduction Target

If we assume that all unprotected infants will get measles, then the measles case
reduction target can be defined as protection of at least 90% of the birth cohort
surviving beyond six months of age. Conversely, less than 10% of the cohort would
be urprotected by one year of age. Figure 2 illustrates the progress toward the
measles reducticn target to date. The target will be achieved when the number of
susceptible infants equals 10% of the surviving infants. As of 1990, 66% of the birth
cohort was protected. To achieve 90% protection, 24% more of the cohort must be
protected.

"Protection = Vaccine Efficacy ® Vaccine Coverage = .85 ® .78 = .66
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The protection from one and two-dose measles schedules is shown in Figure 3. The
case reduction target is protection of 90% of childien surviving to six months of age.
With the current one-dose schedule and a vaccine efficacy of 85%, it is not possible
to achieve the reduction target. The targets can be attained with a two-dose schedule
with coverage of approximately 85% for the first dose (as described below).

2. Operational Definition of the Measles Death Reduction Targat

Since the entire cohort of children suiviving to six months of age developed measles
in the pre-immunization era with an assumed CFR of 5%, approximately 5% of each
surviving cohort died of measles. A 95% reduction from the pre-immunization level
of 5% is 0.25% of each surviving cchiort. Progress toward this goal is shown in
Figure 4. A 95% reduction in the pre-immunization death rate applied to the 199E
birth cohort means that the 1995 target is less than 302,500 measles deaths (Table
B).

Two factors contribute to reduction in deaths frorn measles, reduction in cases and
reduction in case fawc!ity ratios. In most countries, there are simultaneous
improvements in both CFR and coverage. A methad for calculating the simultaneous
effect of coverage and 'eduction in CFR is presented in the Appendix. The
relationship between the two is presented in Figure 5. Both high levels of coverage
and low levels of CFR must be achieved to reach the targets. At 90% coverage with
a single dose of measles vaccine, the CFR must be reduced from 5% in the pre-
immunization era to 0.85% in 1995. With a two-dose schedule at 85% coverage, the
CFR must be reduced to only 2.0% to achieve the 1995 death reduction target.



ll. STRATEGIES FOR MEASLES CONTROL

Achieving the targets for measles control will depend on extending protection to
remaining susceptibles and reducing the risk of death in those who get measles. A
variety of approaches are available to help reach these goals.

A. Increasing Coverage

Increasing coverage is the single most important activity for controlling measles.
Activities to improve coverage are reducing missed opportunities for

immunization, reducing drop-outs, and removing barriers to immunization. Achieving
this will likely require improvements in the quality of routine services, extensive use
of social marketing and decreasing barriers to immunization. This paper will focus on
measles-specific activities that may need to be consideied beyord the important
improvements in the routine delivery system.

E. Improving Vaccine Efficacy

There are only two important sources of susceptibles to measles: unimmunized
persons and immunized persons in whom the vaccine fails. As coverage increases,
a higher percentage of cases is attributable to vaccine failure (Figure 6). At the
current level of coverage (78%), over one third of susceptibles are attributable to
vaccine failure. As coverage increases, the percent of suscenptibles and subsequently
cases due to vaccine failure will increase. If vaccine efficacy increased, the rate of
cases due to vaccine failure would decrease.

1. Improved Vaccines

While improving program quality is a high priority, it is possible to improve vaccine
efficacy even with the existing level of program quality. In areas of the world where
protective maternal antibodies wane quickly, and where transmission is facilitated by
crowding, measles has high morbidity and mortaiity in children under 9 months of age.
High priority has been given to the development of vaccine strains that can overcome
the interference of maternal antibodies and thus be efficacious in very young infants.
Two such vaccine strains, the Edmonston-Zagreb and AIK-C, have shown promise
in recent trials.®'® In some studies, high dose E-Z or standard dose AIK-C vaccine
given at 6 moths of age induced seroconversion rates that are comparable to the
standard Schwarz vaccine given at nine months of age. E-Z vaccine has been
recommended for use in areas where measles before the age of nine months of age
is an important cause of mortality. Whether the E-Z strain will remain effective at
longer follow-up periods awaits further study. Also, problems have developed with
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the availability of E-Z vaccine and questions have been raised about the long term
safety of high titer vaccines. These issues need to be resolved before high titer
vaccines can be accepted as providing a solution to these problems.

2. Changing the Age of Vaccinaticn

Determining the optimal age for vaccination is a trade-off between avoiding vaccine
failuies and avoiding early cases of measles. If the vaccine is given early in life, then
interference from maternally acquired antibody will result in lower vaccine efficacy.
If the vaccine is given later, then the infant is potentially exposed to measles infection
for a longer period before vaccination. Increasing the age of administration will reduce
vaccine failures attributable to interference from maternal antibodies. But, it also will
allow more time for infants to be exposed and may increase the immunization drop-
out rate. As high immunization coverage levels are achieved and an epidemiological
shift to older ages occurs, raising the age of vaccination may become a reasonable
approach. Those countries that have few cases below the age of 12 months might
improve control in older age groups by increasing the age of immunizaticn.

3. Two-Dose Schedule

A potentially effective method of overcoming limitations in vaccine efficacy is to give
two doses of measles vaccine (Figure 3). Individuals who do not develop immunity
after the first dose will be protected with a second dose. Since vaccine efficacy
increases with age, the second dose will have a higher efficacy than the first dose.
There are a variety ¢f possible two-dose schedules. The schedules of interest to
developing countries with high transmission rates give the first dose early in life (six
to nine months of age) to prevent early disease and the second around the tirst
birthday after maternz! antibodies have waned.

Objections to a two-dose schedule are economic and programmatic. While the cost
of vaccine is a burden to programs with limited resources, vaccine ccsts represent
only a fraction of the total cost of iimmunizing children. If the second dose is
incorporated into other visits, the additional cost is small. Research is needed on the
true additional coct of adding a second dose.

Programmiatically, there has been concern that insufficient numbers of infants would
return to make the second dose worthwhile, that personnel would be diverted from
emphasizing at least one dose for all children, and that parents would not return for
second doses. Lower overall 1ates of protection would result from providing the first
dose at under nine months of age. Research is needed to determine the rates of
coverage with each dose, the factors that affect acceptance of the first and second
dose, and the overall impact of the two dose strategy.



One example of a successful two-dose schedule is in Tunisia. The Tunisian EPI
recommends the first dose at 9-12 months of age and the second dose 6 montkhs
later. In a 1991 program review, 96% of infants who correctly received

the first dose received the second dose. This is similar to the program’s drop out rate
for DPT1 to DPT3. In addition, 68% of those who did not receive a dose at 9-12
months of age received a dose after 12 months of age. Based on this experience, it
would appear that the second dose would reach the target population at an acceptable
rate. Figure 3 compares the protection from one and two dose schedules. Because
of the high efficacy of the second dose, higher protection can still be achieved despite
the lower efficacy of the first dose.

C. Reducing Deaths

Measles vaccine can have a profound effect on reducing deaths (Table 6). In some
studies, this reduction in deaths exceeds that which is usually attributable to measies.
Part of this effect may be due to an underestimation of the long-term mortality of
measles. A possible bias of these studies is that they were done in areas where there
is crowding and low socioeconomic status, two factors that contributc to high
measles CFR.

Several risk factors have been identified for death from measles including young age
at infection, crowding, low socio-economic status, vitamin A deficiency, HIV infection
and possibly malnutrition. While poverty and co-existing HIV infeciion are not
addressable within EPI programs they remain strong risk factors for measles death.
The risk of death in poor populations of industrialized countries in the late 1800s was
similar 10 the rates observed in developing countries today.'” The risk of death from
measles was higher in low socioeconomic status groups as n'easured by household
articles owned in rural Bangladesh and Haiti.'®'® These are probably not biologic
effects, but more likely related to poor nutrition, suboptimal medical care for
secondary infections, and crowding.

Measles illness is szvere in children with immunodeficiency disorders involving T-cell
deficiency such as leukemia and HIV®. In Africa a trend toward higher measles CFRs
was observed in older children with HIV antibodies.?’ Measles immunization may have
a higher failure rate in HIV infected children, although the rates of adverse
consequences have been similar to the rates in HIV uninfected children. WHO
recommends that all children be vaccinated regardless of HIV status.

Some conditions that were previously thought to be risk factors for severe disease
may be less impertant. Until recently, mainutrition has been considered an important
cause of high measles CFR’s. Malnutrition causes immunodeficiency, and
malnourished children have prolonged excreticn of measles virus compared with well
nourished children.?? Early hospital studies observed an association between low

9


http:children.22
http:antibodies.21
http:Haiti.18

weight and increased mortality; nowever, these studies did not take into account
weight loss and dehydration during the measles incubation period and illress prior to
«dmission. Recent studies that have looked for an asscciation between pre-existing
malnutrition and severe measles do not support the idea that malnutrition is a major
risk factor for measles death (Table 7).

1. Access and Utilization of Health Care

Treatment of complications from measles can decrease tha CFR. Many children with
severe measles do nct have access to or their parents do not seek curative health
care. Analysis of large measles surveillance systems in Bangladesh showecd that 91%
of measles d+.aths occurred in the home and only 13% of the deaths were attended
by a physiciui.Z® Only 12% of parents had consulted a medical doctor prior t¢ death
of the child and most medical contacts occurred only after first consulting a traditional
healer. In an outbreak of measles in rural villages in South India, measles CFR in
villages with health care services was 3.4%, compared with 16% in villages without
health care services.?* After the introGuction of a medical care facility in a well
vaccinaied rural west African village, there were no deaths during a subsequent
measles outbreak in children les; than 5 years.?®

2. Vitamin A Treatment of Measles Cases

Vitamini A has been shown to prevent deaths in children with measles in developing
countries (Table 8). In a clinical trial in Tanzania, where xerophthalmia was prevalent,
ck'dren who received vitamin A on admission for severe measles infecticn had
decreased mortality as compared to controls.?®  Children hospitalized with measles
in South Africa who were randomized to receive vitamin A upon admission had half
the number of deathg, recovered more rapidly from diarrhea and pneumonia, and spent
fewer days in the hospital than children who received placebo.?’ Interestingly, low
weight for age and clinically apparent vitamin A deficiency were rare in this
population. Few obstacles or risks to widespread use of Vitamin A in measles
patients have been identified.

3. JTreatment of Acute Respiratory Infections

Measles infection can affect all organ systems of the body and the respiratory
epithelium is infected in 100% of cases. Respitatory infections are common
complications from measles in both developing and developed countries. Commurity
surveys in Latin America prior to measles immunization revealed pneumonia was the
terminal event in 80% of deaths due to measles®. In a prospective study in Manila,
rneasles was associated with 14% of pneumonia cases and 61% of pneumonia
deaths.?® In a study of children hospitalized with pneumonia in South Africa, measles
was associated with 64% of admissions and 24% nf all mortality.?®
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Measles-associated pneumonia occurs due to direct infection by the measles virus and
secondary infections by other viruses and bacteria. An autopsy series of 21 children
who died from pneumonia within 28 days of onset of measles rash

showed 25% died early in the course with severe measles giant cell pneumonia®®.
After 2-3 weeks, viral and bacterial secondary infections were more frequently
associated with deaths. Otitis media is the most common respiratory complication
and pneumonia, brunchitis and croup occur as well3%3',

The relative importance of these secondary infections varies according to the local
epidemiology of measles and other acute respiratory infections. It is clear howevet,
that measles contro! can reduce mortality due to respiratory infections and treatment
of respiratory infections can probably reduce measles mortality."

4. Diarrhea Treatment

Measles infecticn is commonly associated with diarrhea in developing countries.
Some children have a protein-losing enteropathy and may lose 6-9 percent of their
plasma protein in a single 24 hour period.3 The loss of proteins and persistent
diarrnea are major contributing faztors in the vevelopment of malnutrition following
measles. Other factors contributing to malnutrition include decreased food intake due
to mouth sores, malaise and appetite loss, and increased metabolic demands due to
fever. Moriley showed that 50% of children required 8 or more weeks to return to
their pre-illness weight.3®> Koster et al found that children who had measles
complicated by prolonged diarrhea sustained a significant and persistent deficit in
weight for height ratio of approximately 10%.3

There are few controlled studies that have assessed the role of secondary infections
in measles-associated diarrhea. Cases of measles-associated diarrhea were compared
with acute diarrhea without measles in an cutpatient clinic in Bangkok.*® Bau (erial
infections were isolated in 14% of cases and in 29% of controls. Rotavirus was
absent in the measles diarrhea and occurred in 18% of controls. Greenberg et al %,
in a case control study of hospitalized children in Lima, Peru, found similar bacterial
and protozoal pathogens in children who had diarrtiea with or without measles.

Diarrheal disezse as a consequence and contributo.,” cause of death from measles
occurred in 50.4% of measles deaths in 13 communities surveyed in Latin America
during the years 1968-1972.%? Measles comnlicated by diarrhea accounted for 19%
of the admissions and was associated with a 24% mortality during the years
1973-1982 in a hospital survey in Ghana.?? In this study, diarrhea was the most
common complication associated with fatal cacss. Measles mortality for children with
diarrhea was 5.3 per cent compared with 2.1 per cent in children without diarrhea.

(N
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It is not clear to what extent oral rehydration therapy (ORT) can Affect measles
mortality. Measles-associated diarrhea may be prolonged and associated with a
protein-losing enteropathy while ORT is most effective in acute secretory diarrheas.
In addition, risk of non-immunization may correlate with lack of access to ORT.

5. Modify Age Distribution of Disease

Young age at infection is a risk factor for severe disease and death from measles
(Tabie 3). Respiratory complication rates are inversely associated with age and
directly contribute to the high age-specific CFRs in infants between 6-12 months of
age. In the llesha Hospital in West Africa, during the years 1258-61, measles
pneumonia was associated with a CFR of 30% in children less than two years versus
20% in those older than two®. In contrast, the CFRs from diarrhea were similar in
all age groups.

Since measles CFR is inversely related to age, increasing the average age of measles
infection should result in lower mortality. Mathematica! modeling based on herd
immunity assumptions predicts that introduction of mass vaccination produces a
period of low incidence followed by a shift in the age distribution to older ages®.
Measles transmission becomes more intermittent and infants will be less likely to be
exposed to measles until they are older. The average age of disease has shifted to
higher age groups in several countries following the introduction of measles
vaccination programs.*43

It is difficult to determine the critical level of immunization that affects the age
distribution of disease. In developing countries the nurber of children in the lcwest
age stratum is relatively large with high rates of crowding and poor housing. Thus,
frequent contact among pre-school children makes efiective immunization before
exposure difficult. In Kinshasa, Zaire 50-60% vaccine coverage was achieved but no
significant shift in the age distribution of measles was observed.** In this densely
populated urban community, higher rates of protection in young infants is probably
needed to induce an age shift.

6. Modify Exposure

Crowding is a risk factor for severe disease and high mortality (Table 9). Even in
areas in which the risk of expostire is low, such as rural villages, the intensity of that
exposure is an important risk factor. In a typical rural African setting an index case
may have only a brief exposure to measles in, for example, a marketplace while a
secondary contact may have a prolonged exposure from the primary case by, for
example, sleeping in the same bed. First described in studies by Aaby in
Guinea-Bissau®®, several other investigaticns have noted similar findings of increased
CFRs in secondary household cases compared with index cases*®*®, 7he most
probable biologic explanation for this is increased intensity of exposure within
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households with higher inoculum of virus in secondary cases. The increased risks of
death in the household contact compared to the index case range from 2-24.
Removing the source of this risk factor (crowding) may be difficult.

In rural settings, there is an increased risk of death to the secondary contacts. In a
crowded urban setting, there is an additional increased risk of death to the index case.
In an urban area where measles may be endemic, exposure typically occurs early in
life resulting in an earlier average age of disease. Early age of disease is the major risk
factor for measles death.

D. Interrupting Transmission, the Caribbean Example

Measles remains a problem in the Caribbean region despite nearly 80% vaccination
coverage since 1987. In May 1991, the English-speaking Caribbean countries
embarked on a new measles elimination program, aimed at eliminating the indigenous
transmission of measles in the region by 1995. The program began with an initial
mass vaccination campaign targeting all persons 1-14 years of age regardless of prior
immunization status. Intensified routine immunization services have been
implemented to assure that all new susceptibles entering the population are immunized
as soon as possible. Enhanced surveillance has been put in place to document each
case of measles and to certify when cases are not occurring. The experience of these
countries will be wa .ched closely as the rest of the world intensifies measles control
activities.

E. Surveillance

The EPI has set a goal of establishing routine surveillance for EPI diseases in all areas
by 1995. Although nearly all developing countries have policies regarding measles
surveillance, reporting is very poor in most areas.

Surveillance systems for measles control ideally should be able to answer the
question: Is the current policy working to achieve the current goals? In this context,
it is important to know whether the identified cases co''4 have been prevented with
the existing policy by classifying them as preventable or non-preventable®®.
Preventable cases occur in persons for whom vaccine was indicated. Non-preventable
cases occur in persons for whom tne vaccine was not indicated (typicaily younger
than 9 months of age) or who had received vaccines and were vaccine failures. The
distribution of cases in these categories will help provide the epidemiologic basis for
evaluating measles policy.

13



In a hypothetical developing country, if 15% of cases occurred before 9 months of
age and measles vaccine coverage was 80%, approximately 30% of the total number
of cases would be vaccine failures and the remaining 55% of cases, occurring in
older, non-vaccinated persons, would be preventable. A typical developing country
should therefore expect more than 50% of all cases during outbreaks to be
preventable. As coverage improves, there is likely to be a shift toward a higher
percentage of cases being classified as non-preventable. When the majority of cases
is found to be non-preventable and a high number of cases continues to occur, then
further improvements in measles control may require a change in strategy. In 1988,
after the U.S. experienced a shift of cases from those classified as unvaccinated to
those classified as vaccine failures, the U.S. adopted a two-dose schedule. The U.S.
decision to change to a two-dose schedule was based on routine measles surveillance
and outbreak investigations. In developing countries, surveillance of measles cases
and classification of cases by age and vaccination status should be the basis of
decisions on changes in measles control stratigies.

IV. CONCLUSIONS

Widespread use of measles vaccine under the EPI has resulted in the prevention of
large numbers of measles cases and changed the epidemiology of measles in most
areas.

The 1995 target of 90% reduction in measles cases cannot be achieved with the
existing vaccine used in a single dose schedule because vaccine efficacy at that age
is only 85%. The 1995 target for reducing measles deaths by 95% could be achieved
with the existing vaccine if 90% coverage rates are reached and the case fatality ratio
reduced to 1% or less. A two-dose schedule would be an effective means to improve
vaccine efficacy and prevent cases that occur before the current age of
administration. Mathematical modelliing suggests that a strategy to give measles
vaccine at § and 12 months of age, given 85% coverage and a CFR as high as 2.0%,
could result in achieving both of the 1995 targets.

f.urrent surveillance for measles is inadequate to monitor progress toward the 1995

targets. Improved surveillance systems should be developed and control strategies
should be modified based upon surveillance reports.

14



RECOMMENDATIONS FOR A.L.D. ACTIVITIES IN SUPPORT OF MEASLES
CONTROL

Improve surveillance for reasles cases. Surveillance systems should be able
to determine the current status of measles control, monitor its progress and
provide sufficient information to decide between policy options.

Improvements in measles control will require national policies that reflect the
local measles epidemiology. Decision-making for measles control strategies
needs to be encouraged at the national level.

EPIs need to achieve and maintain at least 90% coverage with a single dose of
measles vaccine at nine months of age.

In countries with coverage greater than 80%, two-dose measles vaccination
schedules may be needed to reach the 1995 objectives. Two-dose schedules
should be evaluated by pilot projects, operational research and cost
effectiveness studies.

Case management of measles, including improved access to care, widespread
use of vitamin A, and support from CDD and ARI programs should be improved.

The next several years will be a period of rapid change in measles control

which will be enhanced by supporting policy development at W.H.O. Measles
policy development needs to be supported at the global level.
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Appendix: Determining the necessary CFR at any given level of coverage to
reach the 1995 measles control targets

Since all unprotected infants can be expected to acquire measles, in the
absence of iImmunization the rate of death in the cohort is equal to the measles CFR:

Pre-Immunization Hate of Death = Pre-Immunization CFR = .05

The rate of measles deaths in the post-immunization era would be equal to the
product of the rate of susceptibility (equal to 1-protection) and the new CFR:

Post-Immunization Rate of Death = (1-Protection) « CFR s
In order for the rate of post-immunization deaths to ve reduced by 95%, the ratio of

the expected post-immunization era deaths to pre-immunization era deaths must be
less than or equal to .05. Thus:

Expected Deaths

Post-immunization (1-Protection) ¢ CFRye
.05 <

Estimated Deaths based 5%

on Pre-Immunization CFR

Solving for CFR_,, and adjusting for changes in the number of surviving infants in the
two eras (121 million vs 97 million, respectively) gives an expression for the required
level of CFR with any given level of coverage and vaccine efficacy to achieve a 95%
reduction in deaths:
.05 5% ¢(97/117) 2
CFR.q (%) < <
(1-Protection) (1-Protection)

The protection from one and two-dose schedules is given in Figure 3. At 90%
coverage, for one dose the protection is 76% which results in a CFR,us .83%. For a
two-dose schedule the protection at 85% roverage is 90% and therefore the CFR
can be as high as 2.0%.



Table 1. Serologic Response Rates Following Standard Measles
Vaccines Administered to Infants Nine Months OId in Developing
Countries

Seroconversion Rate
(%)
I Nigeria, 1966 86.7%
South Africa, 86%
1975
| Rhodesia, 1976 93.9%
Nigeria, 1976 39.3-63.3%
Kenya, 1977 92.5% .
Kenya, 1979 93% l
PAHO, 1981° 84.6%
Haiti, 1985 85%
Gambia, 1988 85-95%
Togo, 1989 73%
Uzbekistan, 1991 95%
South Africa, 61%
1991
Haiti, 1991 84% Jﬂ
Indonesia, 1991 96.8%
(| Mexico, 1990 82-87%
I Mean = 86% _

"Brazil, Costa Rica, Chile, Ecuador in children weighing >85% of expected norm.



Table 2. A Sample of Reported Measles Vaccine Efficacy Rates

’l Country I Vaccine Efficacy I

Micronesia, 1982 I 83.5%
Zaire, 1985 78-87%
Taiwan, 1985 40%
Guinea-Bissau, 72%
1986
Mozambique, 1986 66% |
Kenya, 1986 18% "
Kenya, 1887 70% "
Kenya, 1988 67% “
Mexico, 1987-88 63-39%
Mexico, 1988 ~95%
Burundi, 1989 82%
Gambia, 1989 90.1% f
Guinea-Bissau, <68%
1990

Median=72%




Table 3. Reported Age-Specific Measles Case Fatality Ratios by
Source of Patients

Type 1-4 - |
Copenhagen, 1915 Hospital 20 15 3 I
East Africa, 1967 Hospital 6.4 5.6 2.5 "
Ghana, 1982 Hospital 9 15 - "
| London, 1911-14 | Hospital 13.9 | -
Gambia, 1981 Clinic 77.8 6 3.5
Chile, 1960 Community | 13.7 | 5.6 | 2.6
|| Burma, 1966 Community 6 3 1
Kenya, 1974 Community | 6.4 8.5 0
Barigladesh, 1975 Community | 4.4 4.2 --
H India, 1977 Community 22 4.9 G
" India, 1977 Community 22 17 0
" Gambia, 1981 Comrnunity 64 16.7 | 4.4
" Senegal, 1983 Community | 11.5 | 9.2 1.2
" India, 1986 Community | 23.1 | 11.56 | 5.5
" USA, 1975 Community | 0.33 | 015 | 0.0
ll USA, ~1985 Comrnunity | 0.0 | 0.17 | 0.1
, 0]
" USA, 1990 Community | 0.42 | 0.46 01.2
Median, Community Studies, 11.5 5.6 1.0
" LDC

Adapted from Aaby and Ciements, Measles immunization research: a review, Bull World Health Organ,
6714):443-8, 1989.



Table 4. Estimated Number of Measles Cases in Developing Countries, 1920 (V.E.= 85%)

—" JE—
Surviving Vaccine Fraction Measles | Estimated Measles
Infants Coverage | Protected Cases CFR Deaths
WHO HKegion (millions) (millicns) (millions)

African 25.2 54% .46 13.6
American 12.1 73% .62 4.6
East. Med. 14.8 73% .62 5.6
European 1.4 80% .68 .45
S.E. Asian 36.9 81% .69 11.4
West. Pacific 28.7 94% .80 5.6
Global

78% .66 39.56 |




Table 5. Operational Requirements to Meet the 1995 Measles Control Targets

1975 1890 1985 1995 Target in Operational Requirements to

Estimated Estimated Target absolute numbers' Achieve 1995 Target
(% of SI') (% of Sl) (% of SlI)
Coverage 0% 78% 90% ~108.9 million 90% Coverage

1) 95% Coverage and 95%
100% 34%?2 10% ~12.1 million Efficacy or

2)Two-doses, 85%
Coverzge®

Deaths 1%* 0.25%° <302,500 90% Coverage, 85% Efficacy
and CFR = 1%°
——— ———— — —____'

S| = Surviving Infants

'The estimated number of births in 1995 will be 128 million with an expected IMR of 7.2%. Surviving infants (to 6 months of age) = Total
Births ® (1 -.75 @ IMR) = 121 million. (from UN World Population Prospects 1388)

2Assuming a vaccine efficacy of .85 and a coverage of .78, the proportion of infants un-protected is 1-(.85.78) =.34.

3This two-dose schedule assumes vaccine efficacy of 65% at 6 months and 95% at 12 months of age. The return rate is similar to that

achieved in Tunisia: of those who receive the first dose, 96% return for the second dose and of those who do not reccive the first dose
68% receive a dose at 12 months of age.

*This is based on the estimated 1990 CFR of 3% applied tu the estimated case rate of 34%: .03 ® .34 = .01 or 1%. The number of
measles deaths in 1990 is this 1% rate applied to the number of surviving infants; .01 ® 121 millon = 1.2 million.

*This represents a 95% reduction from the estimated death rates of 5% in the pre-immunization era; 5% ® .05 = 0.25%.

%Tha goal is death in less that 0.25% of the cohort. 90% caverage with a VE of 85% will result in a 76.5% protection. !n order to have
ar cverall death rate of 0.25% in the entire cohort, the remaining susceptible 23.5% of the cohort must have a CFR of .25/.235=1.06%.


http:1-(.850.78)=.34

Table 6. Estimated Efficacy of Neasles Vaccination for Prevention of Death

@

Age at Length of | Efficacy

vaccination | follow-up | against
Study location (months) (months) | death
Nigeria, 1963 N/A 18 100% I
Zaire, 1974 7-9 30 46-60%
Guinea-Bissau, 1984 7-24 24 63%
Haiti, 1985 6-13 21 8E%
Bangladesh, 1982 9 51 36%

Bangladesh, 1982

51

46%




Table 7. Nutritional Status and Severity of Measles in Children Who Died From

Measles and Controls

Age Type | Nutritional Status (% Ratio
Study (v2ars) of of Standards) Cases/Controls
Index
Fatal cases controls
Bangiadesh <9 w/h .86 .88 98% |
<2 w/h 93 .86 958%
3-9 w/h .85 .88 97%
Guinea- <4 wla .87 90 97%
Bissau <5 | wia 92 92 100%
<5 h/a 97 97 100%
<5 w/h .97 97 100%
<1 w/a .88 .89 99%
Kenya no data | muac .84 .86 98% "

From Aaby®°

where

w/h
w/a
h/a

muac

weight for height
weight for age
height for age
mid-upper arm circumference

Gambia no data| w/a .29 >.29 >100% l

U



o
° Table 8. impact of Vitamin A Treatment on Mortality in Children Hospitalized
With Measles
Study Dose %
Reduction
@ in Mortality
South Africa, 1990% | 400,000 I.U. -719% "
Tanzania, 1987%° 200,000 1.U. -48% "
® London, 19325 ~50,000 1.U. -57% "
Lo e ——————

I.U. = international units




Table 9. Measles Case-Fatality Rates by Index vs Secondary cases in Households
® in Urban and Rural Settings

Case Fatality Rates Relative Risk of
Study Death:
PY Index Secondary
cases cases |
. Urban Studies
Guinea-Bissau, 1989 .08 .30 3.8
o Guinea-Bissau, 1988° .03 .38 14.2
Guinea-Bissau, 1988° .05 17 3.8 (
England, 1986% .08 22 27 |
® Copenhagen, 1915° .11 27 2.4
Rural Studies
Guinea-Bissal!, 1989™ .07 .38 5.8
o Senegal, 1990° .04 .14 3.4
Bangladesh, 1988 01 .03 1.8 "
=ISenya, 1975°% .03 07 2.5 I

Adapted from Aaby and Clements, Measles immunization research: a review, Bull World Health Organ, 67(4):443-8, 1989,




Figure 1. Estimated Rates of Measles Immunization Coverage Globally and

Africa, 1984-1990
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Figure 2. Progress Towards the 1995 Measles Reduction Target:
Number of Surviving Infants and Susceptible Infants
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This figure is based on UN population estimates, EPi coverage estimates and an
assumed vaccine efficacy of 85%. As coverage improves, there are fewer suscentible
infants. In 1990, 34% of the birth cohort was not protected by vaccination and was
therefore susceptible to measies.



Figure 3. Protection from One- and Two-Dose Schedules
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One dose schedule:

Protection from one dose = VE, * Cov.

For two doses protection is the sum of:

Protection from 1st dose = VE,  Cov

Protection from 2nd dose in Unvaccinated by 1st dose = (1-Cov)  Cov ¢ VE,, * IR,,,..

Protection from 2nd dose in 1st dose failures = (Cov - Cov * VE,) * VE,, * RR,,.

Where, VE at 6 months (VE,), 9 months (VE,) and 12 months (VE,,) is 65%, 85% and
95%, respectively.

For the second dose, the immunization rates are based on figures from Tunisia in
1990. For those unvaccinated by the first dose, IRynaer iS 68% and for those
vaccinated by the first dose, RR,,., is 96%.
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Figure 4. Progress Towards the 1995 Measles Deaths Reduction Target:
Number of Measles Deaths, Pre- and Post-immunization and
95% Reduction Target (VE = .85)
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This figure is based on UN population estimates, EPl coverage estimates and an
assumed vaccine efficacy of 85%. CFR in 1975 is presumed to be 5% which falis to 4%
by 1985 in the absence of immunization. With immunization, the CFR declines to 3% by

1990. By 1990, measles deaths had fallen to 20% of what they would have been in the
absence of immunization.
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Figure 5. The Maximum Measles Case Fatality Ratio (CFR) permissible to
Achieve 95% Reduction in Deaths by Measles Vaccine Coverage and Schedule
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This figure is based on the assumptions in Figure 3 and the Appendix.



Figure 6. Cases Due to Vaccine Failure by Coverage Level
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This model assumes a vaccine efficacy of 85% and that no cases occur before the age
of vaccination. The percent of the population which can be expected to be vaccine
failures = coverage - (coverags x VE). The percent of the population that is
unvaccinated is = 1 - coverage. The fraction of cases due to vaccine failure =
[Coverage - (Coverage x VE)J/I(1 - Coverage) + Coverage - (Coverage x VE)]. At 80%
coverage, 38% of the cases are due to vaccine failure. If cases occur before the age
of vaccination, then a smaller proportion of total cases would be attributable to vaccine
failure.
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