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Lessons learned from the successful end of endemic measles virus transmission (i.e., elimination) in the United
States include the critical roles of strong political commitment, a regionwide initiative, adequate funding, and
a broad coalition of partners. Implications of measles elimination in the United States for global measles
control and regional elimination efforts include demonstration of the high vaccination coverage and, in turn,
population immunity needed for elimination; the importance of accurate monitoring of vaccination coverage
at local, state, and national levels; a vaccination strategy that includes at least 2 opportunities for measles
immunization; and the essential role of integrated epidemiological and laboratory surveillance. The United
States, with a population of 288 million, is, to our knowledge, the largest country to have ended endemic
measles transmission. This experience provides evidence that sustained interruption of transmission can be
achieved in large geographic areas, suggesting the feasibility of global eradication of measles.

Remarkable progress has been made in controlling mea-

sles through vaccination. Worldwide, measles vaccine

prevents an estimated 80 million measles cases and 11

million measles deaths annually; however, in 2000, 30–

40 million cases and ∼777,000 deaths were estimated

to occur every year [1]. This represents 46% of the

estimated 1.7 million deaths among children each year

due to diseases that are currently vaccine-preventable

[2]. In 2000, measles was the fifth leading cause of

mortality among children aged !5 years worldwide [3].

Measles has been proposed as a candidate for global

eradication because it meets the following criteria: mea-

sles vaccination is highly effective and leads to long-

lasting immunity; sensitive and specific assays are avail-

able for reliable diagnosis; and humans are the only

reservoir for measles virus. In addition, it is necessary

to demonstrate that endemic transmission of measles

can be interrupted and maintained in large geographic
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areas [4]. Here we provide an update on global measles

control, describe the lessons learned in the United States

regarding measles elimination, and discuss the impli-

cations of measles elimination in the United States for

global control and regional elimination efforts.

STATUS OF GLOBAL MEASLES CONTROL

The World Health Assembly in 1989 and the World

Summit for Children in 1990 set goals for reductions

in measles morbidity and mortality of 90% and 95%,

respectively, compared with prevaccine-era levels [5].

Since then, regional measles elimination goals have

been established in 3 World Health Organization

(WHO) regions—the region of the Americas, the Eu-

ropean region, and the Eastern Mediterranean region—

by 2000, 2007, and 2010, respectively.

In 2000, global reported vaccination coverage with

1 dose of measles vaccine among infants was 80% (fig-

ure 1) [6]. Most countries report measles vaccination

coverage on the basis of the administrative method,

calculated as the number of doses of measles vaccine

administered during 1 year divided by the birth cohort

from the previous year. In many countries, this method
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Figure 1. Reported number of measles cases and reported vaccination coverage with 1 dose of measles vaccine by 1 year of age, worldwide,
1983–2000.

tends to overestimate true coverage. In 2000, 13 of 16 countries

that reported routine measles vaccination coverage of !50%

were in Africa (figure 2) [6]. In 2000, with a global birth cohort

of 132 million, an estimated 105 million doses of measles vac-

cine were administered through routine immunization services,

and an additional 35 million doses were administered in sup-

plementary campaigns aimed at either reducing mortality or

interrupting transmission.

Globally, 817,161 measles cases were reported in 2000 (figure

1) [6]; however, substantial underreporting exists, and disease

surveillance remains weak and underfunded in many countries.

As of December 2000, all countries in the Americas, and

selected countries in Europe, the Middle East, southern Africa,

Oceania, and Asia, have adopted immunization strategies aimed

at measles elimination. Substantial progress in interrupting

measles transmission has been achieved in these countries [7–

11]. In the Americas, countries that have adequately imple-

mented all of the Pan American Health Organization–recom-

mended strategies have successfully interrupted measles trans-

mission [12].

In 2000, 52 (24%) of 214 countries or territories still had a

routine measles vaccination schedule consisting of a single dose

at 9 months of age [2]. All remaining countries had either

provided a second opportunity for measles vaccination through

supplementary nationwide campaigns during the preceding 3

years or introduced a routine 2-dose schedule.

During 11–12 May 2000, participants at a WHO technical

working group meeting concluded that very high immunization

coverage is required to provide the population immunity level

necessary for good measles control. The ongoing measles dis-

ease burden is primarily the result of low first-dose coverage

among infants and absence of a second opportunity for measles

vaccination in affected countries [13]. Therefore, meeting par-

ticipants recommended that, in addition to the first dose at 9

months of age or shortly thereafter, a second opportunity for

measles immunization should be provided either through rou-

tine services, repeated supplemental campaigns, or a combi-

nation of these strategies. To be effective, the second oppor-

tunity for measles immunization should be provided before the

average age of contracting measles. A strategic plan for global

measles control for 2001–2005 that includes this recommen-

dation was published by WHO and the United Nations Chil-

dren’s Fund (UNICEF) in 2001 [14]. In addition, this plan

includes a recommendation to integrate rubella vaccine and

rubella surveillance with measles vaccination and surveillance

activities, when appropriate [14, 15].

IMPLICATIONS FOR THE UNITED STATES

In March 2000, the Centers for Disease Control and Prevention

convened a panel of experts to review the pattern of measles

transmission in the United States. Each participant concluded

that measles was no longer endemic in the United States [16].

To prevent reestablishment of endemic measles transmission,

the experts also recommended the following: maintaining the

highest possible vaccination coverage (190% among preschool-

aged children and 198% among children aged 4–6 years); main-

taining and improving epidemiological and laboratory sur-

veillance to detect and respond to new importations of measles

virus; and advocacy and provision of resources and technical

support for measles control and elimination efforts in other

countries, to reduce the risk of future measles importations.



Significance of US Measles Elimination • JID 2004:189 (Suppl 1) • S253

Figure 2. Reported vaccination coverage with 1 dose of measles vaccine by 1 year of age, by country, 2000. If coverage was not reported in
2000, data for 1999 were used; if 1999 data were missing, the coverage reported for 1998 was accepted. If no coverage data were reported during
1998–2000, the country was labeled as “no data.” Source: [6].

The potential benefits to the United States of global measles

eradication are absence of future cases, deaths, and costs related

to these cases and the savings in perpetuity from discontinuing,

at a minimum, 1 dose of measles vaccine, estimated at US$45

million annually [17]. Given the possibility of the use of measles

virus as a bioterrorist threat after global eradication of measles

has been achieved, it is unlikely that the United States would

stop measles vaccination altogether.

LESSONS LEARNED THAT MAY BE
APPLICABLE TO OTHER COUNTRIES

In the United States, strong political commitment to improving

childhood immunization arose out of the experience with the

1989–1991 measles epidemic, when 111,000 measles hospital-

izations and 123 deaths occurred [18]. In 1992, President Clin-

ton launched the Childhood Immunization Initiative, which

aimed to increase vaccination coverage for all recommended

vaccines to 190% among preschool-aged children [19].

In 1994, the Ministers of Health of all member countries in

the Americas set the goal of regionwide measles elimination by

2000. Under the leadership of the Pan American Health Or-

ganization, aggressive vaccination activities have been under-

taken in all countries of the region [20]. Importations of mea-

sles cases from Latin America into the United States decreased

from 242 in 1990 to 0 in 2000 and 2001, reducing the potential

for reestablishment of measles transmission.

Adequate funding through the congressional appropriation

for implementing Childhood Immunization Initiative increased

the immunization budget from an average of US$233 million

in 1990–1992 to US$984 million in 2000. The Vaccines for

Children Program was implemented in 1995, removing cost as

a barrier for poor and uninsured children in the United States.

A broad coalition of partners was formed to promote child-

hood immunization, including professional organizations (the

American Academy of Pediatrics, the American Academy of

Family Physicians), community-based organizations (Every

Child by Two; Healthy Mothers, Healthy Babies; the Immu-

nization Action Coalition), and state and local governments

[19].

High vaccination coverage and a 2-dose vaccination schedule

were required to end endemic measles transmission in the

United States. Between 1963 and 1988, the United States had

a single-dose measles vaccination policy, and the elimination

efforts launched in 1966 and 1978 were unsuccessful despite

reaching 195% coverage with 1 dose by school entry. Increased

vaccination coverage among preschool-aged children, intro-

duction of a second dose in 1989, and gradual implementation
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of catch-up vaccination of school-aged children with the second

dose resulted in elimination of measles in the late 1990s. Na-

tionwide in 1999, vaccination coverage with 1 dose of measles-

containing vaccine by 2 years of age and at school entry was

92% and 98%, respectively [21]. Among school-aged children

in 1998, it was estimated that at least 70% had received a second

dose of measles vaccine [22].

Waning vaccine-induced immunity has not been an impor-

tant factor in the United States [23, 24]. Although subclinical

titer boosts following natural infection may have played some

role in maintaining population immunity, the majority of the

population born since 1968 in the United States has vaccine-

induced immunity. If waning of vaccine-induced immunity

were epidemiologically important, measles incidence should

have increased in the young adult population and prevented

elimination, but it has not. Ongoing monitoring and surveil-

lance are needed to determine whether vaccine-induced im-

munity will wane in the absence of boosting through exposure

to wild measles virus.

IMPLICATIONS FOR GLOBAL ERADICATION

Measles eradication can be defined as the sum of successful

measles elimination efforts (interruption of endemic trans-

mission) in every country. The experience in the United States

demonstrates the feasibility of measles elimination in a large

geographic area with a diverse population of 288 million and

in the presence of ongoing importations over a period of 13

years. Sustaining the interruption of endemic measles trans-

mission in the United States and other countries (e.g., England,

Wales, Finland, Oman, Malawi) and achieving elimination in

the whole of the Western Hemisphere is a critical test of the

feasibility of global eradication [9–25].

To achieve elimination within a country or region, measles

control must be a political and public health priority. Docu-

mentation of the measles disease burden is needed to obtain

this commitment. In developing countries with high measles

mortality, there is strong political pressure to prevent measles;

however, the financial and logistical support for vaccination

may be lacking. In industrialized countries with poor measles

control (e.g., Japan, Germany, France, and Italy), it is likely

that the risks of patients with measles having severe compli-

cations or dying are similar to those observed in the United

States, Netherlands, and Ireland during recent outbreaks (i.e.,

encephalopathy, 1:1000 cases; death, 1–3:1000 cases) [26, 27].

During the 1989–1991 resurgence of measles in the United

States, a total of 123 measles-associated deaths were reported,

the average cost of hospitalization for a patient with measles

in Los Angeles Children’s Hospital was US$9264, and the es-

timated average cost of a measles case was US$1000 [28–30].

In addition, the costs of outbreak control can be substantial

[31]. When countries with poor measles control begin to assess

the human and financial cost of measles, they may develop the

political support necessary to stop endemic transmission within

their own borders and join the expanding partnership to reduce

measles mortality worldwide.

The US experience provides evidence of the high level of

population immunity required to interrupt transmission.

Mathematical modelers have estimated that population im-

munity of at least 93%–95% is needed to eliminate measles

[32, 33]. Given available coverage and seroprevalence infor-

mation, the age-specific susceptibility to measles in the United

States in 1999 has been estimated at 19%, 8%, 5%, 5%, and

7% among persons aged 0–4 years, 5–9 years, 10–14 years, 15–

19 years, and �20 years, respectively [34]. The overall pro-

portion of the US population immune to measles was calculated

to be 93%, suggesting that the mathematical predictions of the

threshold for herd immunity are accurate for the United States.

Higher population immunity may be necessary to interrupt

measles transmission is densely populated urban areas of Africa

and Asia [4].

Accurate monitoring of vaccination coverage among pre-

school-aged children is essential for achieving on-time vacci-

nation coverage of 195%. In most settings, risk of measles is

highest among preschool-aged children. At the time of the

1989–1991 resurgence of measles, the United States did not

have a national system for monitoring preschool vaccination

coverage. Since 1995 in the United States, the National Im-

munization Survey conducted on an ongoing basis among chil-

dren aged 19–35 months has documented coverage yearly at

the national, state, and major-urban-area levels and thereby

promoted on-time immunization [21].

The vaccination strategy needed to eliminate measles requires

at least 2 opportunities for measles immunization. In the

United States, interruption of endemic measles transmission

was associated with increasing preschool vaccination levels to

190%, strict enforcement of school entry requirements for 2

doses of measles vaccine, and providing a second dose of mea-

sles vaccine to a high proportion of all school-aged children.

In developing countries, a dose of measles vaccine administered

at age 9 months induces immunity in ∼85% of vaccinees (range,

70%–98%) [35]. Because vaccination at age 112 months results

in protection of 195% of recipients (both first-time vaccinees

and persons who did not respond to vaccination at 9 months),

a second opportunity for immunization before the average age

of contracting measles can substantially increase population

immunity against measles. If high coverage is achieved with the

second opportunity and children who missed the first dose are

reached, the herd immunity threshold for measles can be ex-

ceeded (table 1).

Increased production of measles-containing vaccines (i.e.,

measles vaccine, combined measles-rubella vaccine [MR], or
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Table 1. Proportion of a hypothetical cohort with immunity
against measles by level of vaccination coverage achieved at the
first opportunity and the second opportunity.

Coverage
at first
opportunity,
%a

Immunity,
%

Coverage
at second

opportunity,
%b

Immunity, %

Dependent
probabilityc

Independent
probabilityd

50 43 50 46 70

80 77 86

90 87 92

100 97 97

80 68 50 74 83

80 77 92

90 88 95

100 98 98

90 77 50 83 88

80 87 94

90 88 97

100 99 99

100 85 50 92 92

80 96 96

90 98 98

100 99 99

a Assuming 85% seroconversion.
b Assuming 95% seroconversion.
c Assuming same children get vaccinated at first and second opportunity

(dependent probability).
d Assuming independent probability for receipt of vaccine at first and second

opportunity.

combined measles-mumps-rubella vaccine [MMR]) will be

needed to allow for a second opportunity for measles vacci-

nation for all children. In the United States, the average annual

number of doses of measles vaccine distributed increased from

5 million in the 1980s to 14 million in the 1990s. Preliminary

global forecasts indicate that, averaged over the next 5 years,

an additional 250 million doses of measles vaccine will be

needed annually to cover expanding global needs for measles

vaccine [36]. At current costs for a bundled dose of measles

vaccine (US$0.25) and additional program costs per recipient

(about US$0.71 [37]), the donor cost of providing a second

opportunity for measles immunization to children in less in-

dustrialized countries is about US$1 per child.

Integrated epidemiological and laboratory surveillance for

measles cases and circulation of measles virus is required for

directing program activities and documenting interruption of

indigenous transmission [38]. The key components of this sur-

veillance system are as follows: collaboration between clinicians

and local public health departments to ensure detection and

reporting of suspected measles cases; local capacity to inves-

tigate individual cases and conduct case finding and outbreak

investigations; a nationwide system for surveillance and re-

porting with regular analysis and feedback; availability of a

diagnostic test (measles IgM ELISA) that can be done when

the patient first presents for health care [39]; capacity at public

health and/or private laboratories to perform diagnostic assays;

a national or regional reference laboratory for virus isolation

and quality control of assays; and access to a global reference

laboratory for genomic sequencing and a measles virus strain

bank. Improved measles control requires ongoing investment

and training to develop a well-functioning local, national, and

global surveillance system and laboratory network.

THE NEXT 5 YEARS

The WHO/UNICEF Strategic Plan for 2001–2005 sets out to

achieve a 50% reduction in mortality compared with 1999 levels

and measles elimination in the Western Hemisphere, as well as

substantial progress toward elimination goals in Europe and

the Eastern Mediterranean [14]. This acceleration of activities

is needed to prevent the ongoing burden of measles cases and

deaths and curtail the circulation of measles virus. In addition,

the plan proposes a global consultation with major partners by

2005 to assess the feasibility of measles eradication, thereby

deferring discussion of the establishment of a target date for

global measles eradication and allowing more time to gain ex-

perience with measles control strategies.

Developments in global immunization offer new opportu-

nities to improve measles control. As countries and regions

become polio-free, resources can be redirected against measles,

as was done in the Americas. New resources totaling $20 million

in 2001 have been mobilized for measles mortality reduction

in Africa by a partnership coordinated by the American Red

Cross [40]. The Global Alliance for Vaccines and Immunization

(GAVI) is attracting new financial (e.g., from the Bill and Mel-

inda Gates Foundation/Vaccine Fund and the United Nations

Foundation) and political support for immunization. GAVI

support for immunization infrastructure aimed at achieving at

least 80% vaccination coverage with the third dose of combined

diphtheria-tetanus-pertussis vaccine in all districts should lead

to increases in measles vaccination coverage and, in turn, im-

proved measles control [41].

Use of MR or MMR vaccine for routine vaccination of chil-

dren and in catch-up vaccination campaigns aimed at measles

elimination offers the opportunity of combining prevention of

congenital rubella syndrome and rubella control with measles

initiatives in countries with strong routine immunization pro-

grams (e.g., in the Americas and some countries in the Eu-

ropean and Western Pacific Regions). Combining rubella and

measles prevention activities (both vaccination and surveil-

lance) will increase their cost-effectiveness [15].

Ongoing research and development are needed to overcome

the barriers to improve measles control and assess the feasibility

of eventual global eradication [42]. This includes elucidation
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of the interaction between HIV and measles, effective strategies

for interrupting transmission in densely populated urban cen-

ters in Asia and Africa, and easier and safer delivery of measles

vaccine.

The US experience with measles elimination demonstrates

that endemic transmission can be interrupted in a large pop-

ulation and geographic area for a period of several years. This

experience provides a well-documented example for countries

striving to improve their control of measles and is evidence of

the feasibility of global measles eradication.

References

1. World Health Organization. The world health report, 2001. Geneva:
World Health Organization, 2001:144.

2. World Health Organization. Global measles mortality reduction and
regional elimination, 2000–2001. Part I. Wkly Epidemiol Rec 2002; 77:
50–5.

3. Murray CJL, Lopez AD, Mathers CD, Stein C. The global burden of
disease 2000 project: aims, methods and data sources [discussion paper
no. 36]. Geneva: World Health Organization, Global Programme on
Evidence for Health Policy, November 2001.

4. Orenstein WA, Strebel PM, Papania M, Sutter RW, Bellini WJ, Cochi
SL. Measles eradication: is it in our future? Am J Public Health 2000;90:
1521–5.

5. World Health Assembly. Executive summary [resolution no.
(WHA)42.32]. Geneva: World Health Organization, 1989.

6. Department of Vaccines and Biologicals, World Health Organization.
WHO vaccine preventable diseases: monitoring system—2001 global
summary [WHO/V&B/01.34]. Geneva: World Health Organization,
December 2001.

7. Centers for Disease Control and Prevention. Progress toward inter-
rupting indigenous measles transmission—Region of the Americas,
January 1999–September 2000. MMWR Morb Mortal Wkly Rep
2000; 49:986–90.

8. Centers for Disease Control and Prevention. Progress toward measles
elimination—Southern Africa, 1996–1998. MMWR Morb Mortal Wkly
Rep 1999; 48:585–9.

9. Centers for Disease Control and Prevention. Progress toward measles
elimination—Eastern Mediterranean Region, 1980–1998. MMWR
Morb Mortal Wkly Rep 1999; 48:1081–6.

10. Ramsay ME, Jin L, White J, Litton P, Cohen B, Brown D. The elim-
ination of indigenous measles transmission in England and Wales. J
Infect Dis 2003; 187(Suppl 1):S198–207.

11. Peltola H, Heinonen OP, Valle M, et al. The elimination of indigenous
measles, mumps, and rubella from Finland by a 12-year, two-dose
vaccination program. N Engl J Med 1994; 331:1397–402.

12. Hersh BS, Tambini G, Nogueira AC, Carrasco P, de Quadros CA.
Review of regional measles surveillance data in the Americas, 1996–99.
Lancet 2000; 355:1943–8.

13. World Health Organization. Strategies for reducing global measles mor-
tality: recommendations from a meeting. Wkly Epidemiol Rec 2000;
75:411–6.

14. World Health Organization/United Nations Children’s Fund. Global
measles mortality reduction and regional elimination: strategic plan,
2001–2005 [WHO/V&B/01.13]. Geneva: World Health Organization,
2001.

15. World Health Organization, Department of Vaccines and Biologicals.
Report of a meeting on preventing congenital rubella syndrome: im-
munization strategies, surveillance needs [WHO/V&B/00.10]. Geneva:
World Health Organization, 2000.

16. Katz SL, Hinman AR. Summary and conclusions: measles elimination
meeting, 16–17 March 2000. J Infect Dis 2004; 189(Suppl 1):S43–7.

17. Miller MA, Redd S, Hadler S, Hinman A. A model to estimate the
potential economic benefits of measles eradication in the United States.
Vaccine 1998; 16:1917–22.

18. Atkinson WL, Orenstein WA, Krugman S. The resurgence of measles
in the United States, 1989–1990. Annu Rev Med 1992; 43:451–63.

19. National Vaccine Advisory Committee. The measles epidemic: the
problems, barriers, and recommendations. JAMA 1991; 266:1547–52.
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