ABSTRACT

Measles eradication would avert the
current annual 1 million deaths and save
the $1.5 billion in treatment and pre-
vention costs due to measles in perpetu-
ity. The authors evaluate the biological
feasibility of eradicating measles ac-
cording to 4 criteria: (1) the role of hu-
mans in maintaining transmission, (2)
the availability of accurate diagnostic
tests, (3) the existence of effective vac-
cines, and (4) the need to demonstrate
elimination of measles from a large geo-
graphic area.

Recent successes in interrupting
measles transmission in the United
States, most other countries in the West-
ern Hemisphere, and selected countries
in other regions provide evidence for the
feasibility of global eradication. Potential
impediments to eradication include (1)
lack of political will in some industrial-
ized countries, (2) transmission among
adults, (3) increasing urbanization and
population density, (4) the HIV epi-
demic, (5) waning immunity and the pos-
sibility of transmission from subclinical
cases, and (6) risk of unsafe injections.

Despite these challenges, a com-
pelling case can be made in favor of
measles eradication, and the authors be-
lieve that it is in our future. The question
is when. (4m J Public Health. 2000;90:
1521-1525)
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Despite the availability of measles vac-
cines for more than 30 years, measles still
causes almost 1 million deaths annually, pri-
marily in the developing world." The burden
from measles in industrialized countries is not
insignificant.” The estimated average cost of a
case of measles in the United States in 1994
was $1000.> Medical care charges for patients
admitted with measles to Los Angeles Chil-
dren’s Hospital in 1990 averaged $9264 per
hospitalization.* During a resurgence of
measles in the United States between 1989 and
1991, more than 11000 patients were hospi-
talized and 123 persons died.’

To lessen this health burden, the United
States spends at least $45 million annually for
the measles component of measles-mumps-
rubella vaccine.® Worldwide, it has been esti-
mated that more than $1.5 billion is spent on
prevention and treatment of measles each year.”
Measles eradication with cessation of vacci-
nation would save those lives, avert that health
burden, and save those costs in perpetuity. Here
we review the evidence suggesting that measles
eradication is feasible and discuss some of the
impediments to success. We do not deal with
the pros and cons of a combined measles and
rubella elimination program, although the
World Health Organization (WHO) recently
recommended that countries embarking on
measles elimination consider such an approach,
using measles-rubella or measles-mumps-
rubella vaccines.®

Criteria for Eradication

In 1997, the Dahlem Conference on Dis-
ease Eradication established 4 criteria for a dis-
ease to be considered eradicable: (1) humans
must be critical to maintaining transmission,
(2) accurate diagnostic tests must be available,
and (3) an effective intervention must be avail-
able. We propose as a fourth criterion that it
must be possible to interrupt transmission for a
prolonged period in a large geographic area.”'’

The Role of Humans

Humans are the only reservoir for measles
virus, and virus survival in the environment is
limited to several hours.'" Measles is an acute
disease with a period of infectiousness, gener-
ally, of 1 week or less. (Chronic infection with
defective virions occurs rarely and manifests
as subacute sclerosing panencephalitis.' How-
ever, subacute sclerosing panencephalitis is not
contagious.) Because the infectious period is

short and measles is highly contagious, a large
and continuously replenished supply of persons
susceptible to measles is necessary to maintain
transmission. It has been estimated that sus-
tained transmission of measles requires a thresh-
old population of several hundred thousand."*'*

The cell receptor for measles virus, CD46,
is found only in primate cells. Measles infec-
tions have been documented in nonhuman pri-
mates, and epizootics of measles can occur in
captive colonies of monkeys."> However, se-
rologic evidence of infection is uncommon
among nonhuman primates who have limited
contact with humans. Nonhuman primate com-
munities do not have sufficient population size
or intercommunity mixing to sustain measles
virus transmission.

Diagnostic Tools

The clinical diagnosis of measles be-
comes unreliable when measles is a rare dis-
ease.'® A capture enzyme-linked immunosor-
bent assay (ELISA) for IgM on serum
developed at the Centers for Disease Control
and Prevention (CDC) has specificity of 95%
or higher and at least 95% sensitivity.' "
Commercial kits are available that have simi-
lar sensitivity and specificity, and these tests
are easier to perform than the CDC assay.”’ In
addition, an ELISA for use with oral fluid
specimens has been developed that may be
more adaptable for worldwide use.'®

Measles virus can usually be isolated
within 5 days of rash onset by means of BOSA
marmoset lymphocyte cells.*' Sequencing of
the nucleoprotein gene has led to the delin-
eation of at least 15 genotypes that appear to
circulate in specific geographic areas.”” Virus
isolation is useful for tracing chains of trans-
mission and distinguishing indigenous trans-
mission from international importations.*
Thus, accurate diagnostic tests are available,
and this criterion for measles eradication has
been met.
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An Effective Intervention

Herd immunity threshold. As measles vac-
cination coverage increases, measles trans-
mission decreases, reducing the risk of measles
even among unvaccinated individuals. At some
vaccine-induced immunity level lower than
100%, measles virus transmission can be in-
terrupted.?* Mathematical models have esti-
mated the herd immunity threshold for measles
at 93% to 95%.>

Failure to prevent transmission with a sin-
gle dose. In industrialized countries, a single
dose of measles vaccine administered in the
second year of life induces immunity in about
95% of vaccinees.”* With a 5% primary vac-
cine failure rate, 100% of the population would
have to be vaccinated to reach a 95% immunity
level with a 1-dose strategy. Approximately
95% of persons who fail to respond to the first
dose respond to a second dose, and with high
vaccine coverage the herd immunity target can
be reached if 2 doses are administered.”

In developing countries, high morbidity
and mortality due to measles among infants
have led to a recommendation to vaccinate in-
fants at 9 months of age, a time when mater-
nal antibody may interfere with seroconver-
sion.’! A literature review of the response to
standard titer Schwarz vaccine at 9 months
found a median seroconversion rate of 85%
(range: 70%-98%),”* which leaves 3 times
more infants susceptible (15% of vaccinees)
than does a rate of 95%. After a single dose
with 90% coverage and 85% seroconversion,
77% of the population would be immune. Giv-
ing a second opportunity for measles vaccina-
tion with a seroconversion rate of 95% for chil-
dren aged 12 months and older can increase
population immunity to more than 95%. To
achieve this level of immunity, coverage at the
second opportunity must be 90%, both overall
and for children not reached at the first vacci-
nation opportunity.

Elimination From a Large Geographic Area

Recent successes in measles elimination
from large geographic areas provide evidence
for the feasibility of global eradication.

United States. After the resurgence of
measles between 1989 and 1991, an elimina-
tion initiative was launched that was based on
increasing preschool immunization levels and
vaccination of all schoolchildren with a sec-
ond dose. ™’ Since 1997, the annual incidence
has been less than 1 case per million popula-
tion, the majority of cases are internationally
imported or linked to imported cases, and the
number of cases not associated with importa-
tion is insufficient to represent endemic trans-
mission.”*** During the measles resurgence,
a single genotype was isolated from at least 8
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different sites.” In contrast, since 1993, mul-
tiple genotypes have been isolated, and all are
known to circulate in other countries. In March
2000, the CDC convened a panel of experts to
review the pattern of measles transmission in
the United States. Each participant concluded
that measles was no longer an endemic disease
in the United States.

The PAHO strategy. In 1994, the Pan
American Health Organization (PAHO) es-
tablished a goal of eliminating measles from the
Western Hemisphere by the end of 2000.% The
strategy consisted of 3 stages: (1) catch up—
one-time mass vaccination campaigns covering
all children 9 months through 14 years of age,
regardless of prior disease or immunization
status; (2) keep up—achievement of high lev-
els of routine immunization coverage in each
successive birth cohort; and (3) follow up—
subsequent mass campaigns conducted every
3 to 5 years, covering all children, regardless of
vaccination status, born since the previous cam-
paign. The catch-up and follow-up campaigns
are second opportunities for measles vaccina-
tion, at which most children receive a second
dose and some receive their first dose. After
the catch-up campaigns, some countries have
increased the measles vaccination age to
12 months to maximize vaccine efficacy.*’

Implementation of the PAHO strategy in
the Western Hemisphere resulted in a 99% de-
crease in reported measles cases, from a high
of almost 250000 cases in 1990 to 3018 cases
in 1999. As of June 24, 2000, only 500 cases
had been reported, the lowest total ever reported
for the first 25 weeks of the year.*' Transmis-
sion was limited to 41 districts (0.3% of the
more than 12000 districts) in 5 of 47 countries
or territories in the region. The pattern of
measles importations into the United States
confirms the success of the PAHO strategy.
During 1990, 300 importations were detected
in the United States, including 242 from Latin
America.*” In contrast, during 1996 no impor-
tations from Latin America were detected.

Other regions. Two other WHO regions
have established measles elimination goals.'
The European region has set a target of measles
elimination by 2007, and several countries, in-
cluding the United Kingdom and Finland, ap-
pear to have reached elimination.'®* The east-
ern Mediterranean region has a target of
measles elimination by 2010, and Oman,
Kuwait, and Bahrain appear close to achiev-
ing elimination.** In southern Africa, Botswana,
Malawi, Namibia, South Africa, Swaziland,
and Zimbabwe have conducted catch-up cam-
paigns that have resulted in substantial de-
creases in reported measles morbidity and mor-
tality.45 In 2 provinces in South Africa, no
measles deaths have been reported or identi-
fied in hospital record reviews during the
2 years after catch-up vaccination campaigns.*®

Impediments to Measles
Eradication

Political Will

Probably the greatest impediment to erad-
ication is political will. In some industrialized
countries, measles is not seen as a priority. Some
of the lowest measles vaccine coverage rates
are in some of the world’s richest countries’’
(Table 1). Global eradication of measles will
require that industrialized countries devote the
resources necessary to eliminate reservoirs of
measles virus in their own populations and help
finance a substantial proportion of activities in
developing countries. This is unlikely to occur
until more industrialized countries realize that
the costs of health care for measles can be high,
even at low incidence levels.

Political will to control measles is high in
sub-Saharan Africa and South Asia, where
measles is still a major killer of children. This
political will is leading to efforts to accelerate
measles control in these areas.! However, donor
support for routine immunization services de-

TABLE 1—Per Capita Gross National Product (GNP) and Reported Measles
Vaccination Coverage for Selected Countries

Country GNP, US $° Coverage, %’
Malawi 170 89
Vietnam 240 96
Tajikistan 340 80
China 620 97
Italy 19020 50
Austria 26890 60
Germany 27510 75
Japan 39640 68

Source. Data are from UNICEF.#
“Based on 1995 data.

®Based on reported vaccination coverage in 1995—1996.

October 2000, Vol. 90, No. 10



clined during the 1990s.** A major new initia-
tive, as is developing under the Global Alliance
for Vaccines and Immunization, is needed to re-
vitalize immunization infrastructure.” Com-
mitment by national governments and inter-
national agencies to achieve and maintain high
routine measles vaccination coverage will be
critical for the success of measles eradication.

Transmission Among Adults

As vaccination programs reduce the risk
of measles, susceptibility to measles can in-
crease among adults for 3 reasons: (1) some
adults have never been exposed to measles and
have never been vaccinated, (2) some were vac-
cinated but did not respond (primary vaccine
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FIGURE 1—Population size and population density of selected large cities with
low or high measles incidence, 1992.
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failure), and (3) vaccine-induced immunity
may wane (secondary vaccine failure). In 1997,
a large measles outbreak occurred in Sao Paulo,
Brazil, among adults aged 20 to 29 years.” The
infected adults were primarily unvaccinated,
indicating that vaccine failure (primary or sec-
ondary) was not a major factor in this outbreak.
Transmission among young adults in Sao Paulo
was not sustained after 1997, suggesting that al-
though large outbreaks may occur among
adults, adult susceptibility is unlikely to sus-
tain endemic transmission.

Urbanization

Densely populated urban centers are ideal
settings for prolonged measles transmission,
even in places with a strong immunization pro-
gram.’ It is a challenge for vaccination pro-
grams to immunize quickly enough in urban
centers to prevent an accumulation of suscep-
tible children and immigrants. Evidence that
the challenge can be met comes from the suc-
cess of the measles elimination program in
Mexico City, the second most populous city in
the world™ (Figure 1).

Other major cities with near-zero measles
incidence include New York, London, and Los
Angeles. However, cities such as Bombay,
Jakarta, and Lagos have population densities
more than 3 times that of Mexico City. It re-
mains to be demonstrated whether the immu-
nity levels achieved through the PAHO-style
mass campaigns using existing measles vac-
cines are capable of eliminating transmission
in the population-dense urban areas of Africa
and Asia.

The HIV Epidemic

In some areas of the world, particularly
in sub-Saharan Africa, up to 30% of women
are HIV positive at delivery.”' Assuming a 33%
perinatal rate of transmission, an estimated
10% of infants will become infected. HIV can
cause problems for measles eradication in sev-
eral ways.

First, measles vaccine immunogenicity and
presumed effectiveness are substantially lower
in HIV-infected persons than in the general pop-
ulation.” A review of 13 seroprevalence studies
on measles antibodies in HI V-infected children
living in predominantly industrialized countries
found a median seroprevalence of 60% (range:
17%—-100%). Nevertheless, data from South
Africa, which had HIV seroprevalence of 22%
among pregnant women in 1999, suggest that
measles transmission can be markedly reduced
and probably terminated even in places with
high HIV seroprevalence.*® Second, although
this possibility has not yet been documented,
there is a theoretical risk that HI V-infected per-
sons could become chronic carriers of measles
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virus and could transmit the virus years after in-
fection. Further research is needed to evaluate
these issues.

Waning Immunity

Concerns about waning of vaccine-
induced immunity have been raised repeat-
edly.** A follow-up study of children who
had seroconverted 10 years earlier found that
9 of 175 children (5%) developed measles.”
Reports from West Africa suggest that vacci-
nation at 6 to 9 months of age may be associ-
ated with faster waning of both antibodies and
clinical protection.”® Although seroprevalence
rates tend to decrease with increasing time since
vaccination, demonstration of retained im-
munologic memory suggests that the prepon-
derance of persons who have lost antibody are
still protected.”

Measles transmission in the United States
has been reduced by more than 90% from the
prevaccine era for almost all years since 1968.
Although subclinical titer boosts following nat-
ural exposure may have played some role,
the majority of the population born since then
has vaccine-induced immunity. If waning of
vaccine-induced immunity were a big prob-
lem, measles incidence should have increased
in the adult population, but it has not. Further,
attack rates for measles, even 10 or more years
after vaccination, tend to be 5% or less, con-
sistent with known primary vaccine failure
rates.””*® While waning immunity may occur,
it does not appear to be a major impediment to
measles elimination in the countries in which
it has been carefully evaluated.*>**>"

Vaccinees exposed to natural measles may
develop subclinical infections manifested by
boosts in antibody titers. This has raised con-
cerns that measles transmission could be sus-
tained in the absence of clinical measles cases.”
A study of vaccinated students exposed to
measles during a school outbreak found that
students who were asymptomatic did not trans-
mit measles to their unvaccinated younger sib-
lings.*’ In addition, laboratory investigations
carried out on 133 asymptomatic contacts of
persons with measles found no evidence of
virus shedding.®' These data imply that per-
sons with subclinical measles infections are
unlikely to be contagious.

Risk of Unsafe Injections

Currently available measles vaccines are
administered parenterally, most commonly by
means of needles and syringes. In many parts
of the developing world, needles and syringes
are used repeatedly without intervening steril-
ization, potentially leading to the transmission
of bloodborne pathogens.® If sterile proce-
dures are not used, mass campaigns could be-
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come opportunities to spread hepatitis B virus
and HIV. “Bundling,” or distribution of dis-
posable auto-disable syringes and needles along
with each vaccine shipment, is strongly rec-
ommended.** Studies are under way to evalu-
ate needle-less delivery modes such as aerosol
and mass injection devices that prevent con-
tamination.** Although measles eradication
may be feasible without such devices, these
tools would facilitate eradication in the safest
possible manner.

Reasons for Optimism

The available information supports the
technical feasibility of measles eradication.
Experience from the Americas and several
countries in other regions suggests that measles
transmission can be interrupted, at least tran-
siently.*”® If current regional and national
elimination efforts are successful, and polio
eradication can be achieved, considerable mo-
mentum will be built for a worldwide measles
eradication program. Is measles eradication in
our future? In our opinion, yes. The real ques-
tion is, When? The answer to that question is
less certain and will depend on experience
gained in the field, new research findings, and
the ability to overcome the impediments to
eradication. [
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