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An outbreak of measles that occurred in Anchorage, Alaska, in
1998 resulted in 33 diagnosed cases: 26 were laboratory con-
firmed and 7 were clinically confirmed. Twenty-nine (88%) of
33 cases occurred in individuals who had not been immunized
with at least two measles-mumps-rubella (MMR) vaccinations;
25 (76%) of 33 occurred in school-age children, O to 19 years of
age. This study identifies the difference in the incidence of
measles between the civilian school-age population, who was
not completely immunized (two MMR vaccinations given at
least 30 days apart), and the military dependent population
who had been completely immunized. All cases occurred
among civilians, and most (25 of 33 confirmed cases) were
associated with school attendance. The authors conclude that
a two-dose regimen of MMR vaccine is required to adequately
protect individuals against measles.

Introduction

A nchorage, Alaska, experienced the largest measles outbreak
in the United States from September through November
1998. From January 1 through September 18, 1998, only 50
cases of measles had been reported to the U.S. Centers for
Disease Control and Prevention (CDC) for the entire United
States.! Reported cases from the Anchorage outbreak totaled
33, which included 26 laboratory confirmed and 7 clinically
confirmed cases. Nine other reported cases were considered
probable, but were not confirmed. The disease was introduced
into the Anchorage metropolitan area in mid-August by a
4-year-old Japanese tourist. This case was confirmed by labo-
ratory testing.? During the period from September through No-
vember 1998, the illness spread; 29 (88%) of 33 confirmed cases
occurred in persons who had received only one measles-
mumps-rubella (MMR) vaccination before exposure, one case
occurred in an individual with two MMR vaccinations before
exposure, and three cases had unknown vaccination histories.
Twenty-five (76%) of 33 cases were observed in school-age chil-
dren and were associated with exposure at school.

This report looks at the distribution of measles in the Anchor-
age, Alaska, outbreak and the incidence rates observed in those
with and without access to military health care. No cases of
measles were diagnosed in the military population, which was
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defined as active duty, retirees, and dependents of active duty
and retirees. We conclude that the prevention of measles was
associated with complete immunization (at least two injections
administered at least 30 days apart) before exposure. To accu-
rately compare similar populations, this study is limited to the
school-age and younger civilian and military dependent popu-
lations.

Background

Measles is a highly contagious viral disease caused by rubeola
virus (a member of the genus Morbillivirus of the family
Paramyxoviridae). The disease is characterized by fever, cough,
conjunctival injection, coryza, an erythematous maculopapular
rash, and a pathopneumonic lesion on the buccal mucosa (ko-
plik spot). Complications include pneumonia, laryngotracheo-
bronchitis, diarrhea, and acute encephalitis with resultant neu-
rological sequelae. Fatality occurs in 1 to 2 of 1,000 cases as a
result of pulmonary or neurological complication. Young chil-
dren, nonimmunized individuals, and individuals who have a
compromised immune system are at highest risk.?

This vaccine-preventable disease has been controlled in the
United States since 1968 by widespread childhood immuni-
zations, which are usually administered as a MMR vaccine.
Protective immunity can be attained in children by adminis-
tering two injections of the vaccine, with the first dose recom-
mended at 12 to 15 months of age and the second dose at 4 to
6 years of age. Immunity in older persons is attained by two
shots at least 30 days apart. This vaccination schedule is
known to prevent illness from measles and has also proven
effective in stopping outbreaks of measles if administered to a
susceptible population.

Populations Defined

The susceptible population in the Anchorage, Alaska, out-
break was defined as persons who had not received a complete
immunization (i.e., had not received at least two vaccinations)
before the outhreak. Before 1996, Alaska did not require a sec-
ond MMR for entry into primary school; many school-age chil-
dren in Anchorage had not completed a two-shot series. Persons
who lacked documentation of complete immunization were pre-
dominately individuals who received their health care from non-
military delivery systems. Civil service employees do not have
access to the military health care delivery system unless they
are military retirees. Most individuals who had access to the
military health care delivery system had documentation of com-
plete immunization in their records. Complete immunization or
infection of susceptible persons occurred within 3 months, the
duration of the outbreak.
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The most susceptible population in Anchorage and the sur-
rounding area was school-age and younger persons. The popula-
tion of Anchorage in the 0- to 19-year age group is reported to be
84,025, according to the 19XX census data. The military commu-
nity in the Anchorage area consists of members of the Air Force,
Army, Marines, Navy, and Coast Guard. The number of military
dependents of active duty and retired personnel between the ages
of 0 and 19 years is reported to be 10,658 (Table I).

Control Method

Publicity

The measles outbreak was widely publicized throughout
southern Alaska with a press conference held on September 25,
1998. Representatives from local newspapers, television, and
radio stations were present at the conference, and the local
media gave extensive coverage to the outbreak. In addition,
many signs and placards with information about the outbreak
and how to prevent the spread of disease were posted in public
buildings around the city. Civilian providers were instructed to
report suspected cases of measles directly to the State of Alaska
Department of Health and Social Services, Division of Public
Health, Section of Epidemiology. Military providers were in-
structed to report cases to the military Public Health Office,
which forwarded the reports to the State of Alaska Department
of Health and Social Services. A case definition for suspected
measles was established: any febrile illness accompanied by a
rash. Probable measles was considered if the patient presented
with a generalized rash, a temperature of =101°F, and a cough,
runny nose, or conjunctivitis. Providers seeing cases of sus-
pected measles attempted to confirm the diagnosis.

Laboratory Diagnosis

Laboratory-confirmed measles was determined by demon-
strating positive serologic evidence for measles immunoglobulin
M antibody from a serum sample drawn on or after day 4 of the
rash, a viral culture, or both. Clinically confirmed measles was
defined as a case that met the definition of probable and was
epidemiologically linked to a laboratory-confirmed case. In the
Anchorage, Alaska, outbreak, 26 cases were laboratory con-
firmed and 7 were clinically confirmed.

Surveillance

Military and civilian providers provided medical surveillance
for illness. Civilians who experienced suspected measles re-
ceived medical care from private medical providers or neighbor-
hood health clinics operated by the State of Alaska Department
of Health and Social Services. Although most military members

TABLE I

COMPARISON OF CIVILIANS AND MILITARY DEPENDENTS IN
ANCHORAGE, BY AGE GROUP (JULY 1, 1997)

Comparative Measles Incidence

obtain medical care through military providers, there are active
duty families in the Anchorage area who live long distances from
the military hospital, and some members of those families ob-
tained (or may have obtained) care from civilian providers. The
Anchorage area is also home to many retired military persons,
some with dependent children, and many of them chose medical
care outside military channels. Surveillance for measles was
considered to be very good because medical care was generally
available to anyone with a need.

Immunization and Treatment

Because treatment for uncomplicated measles is supportive,
the main focus of medical care was to control the outbreak and
ensure complete immunization of the susceptible population. As
a result of a previous measles outbreak that had occurred in
Juneau, Alaska, in 1996, the state had amended school regu-
lations to require that children entering kindergarten and first
grade receive two doses of measles vaccine before school entry.
Because of the Anchorage outbreak of 1998, this regulation was
expanded to include students in kindergarten through 12th
grades. Immunization was also highly recommended for any
person born after 1957 who did not have documentation of two
doses of measles vaccine given at least 30 days apart. Routine
measles vaccination time for babies was temporarily lowered to
include 6- to 12-month olds. A massive immunization cam-
paign, staff for which included civilian authorities, military pro-
viders, and qualified volunteers, was launched. Vaccination
clinics were held at various locations, including many of the
high schools in Anchorage, the military hospital at Elmendorf
Air Force Base, and the clinic at Fort Richardson Army Post. A
total of 29,036 immunizations was administered during the
period from September 22 through November 17, 1998, with
2,286 given by military providers and 26,750 by civilian provid-
ers. Although the exact number is not available, the State of
Alaska Department of Health and Social Services, Division of
Public Health, Section of Epidemiology reported that almost all
of the doses given in the civilian sector were administered to
preschool and school-age persons. The military immunization
clinics determined that they gave only 27% to preschool and
school-age persons.

Data Analysis

Twenty-five (76%) of 33 measles cases were observed in the age
group of 0 to 19 years. A comparison of civilian and military depen-
dent school and preschool age children was made, and the prevalence
of measles cases by age group was determined (Table ).

TABLE II

COMPARISON OF MEASLES CASES, BY AGE GROUP, BETWEEN
CIVILIANS AND MILITARY DEPENDENTS IN ANCHORAGE (THIRD
QUARTER 1998)

Age Group Civilian Military Total Age Group Civilian Civilian Military Military
(years) Population Population Population (years) Population Cases Population Cases
0-4 18,934 3,176 22,110 0-4 18,934 2 3,176 0
5-14 38,286 5,885 44,171 5-14 38,286 5 5,885 0
15-19 16,147 1,597 17,744 15-19 16,147 18 1,597 0
Total, ages 0-19 73,367 10,658 84,025 Total all ages 73,367 25 10,658 0
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Cases

From mid-August to November 17, 1998, 33 confirmed cases
of measles were reported from the civilian population. Of these
reported cases, 25 cases were reported in persons ages 0 to 19
years. The incidence rate among school-age civilian persons was
calculated as 25 + 73,367 or 0.341 cases per 1,000.

Military dependents reside throughout the city of Anchorage
and are enrolled in every school in Anchorage and the surround-
ing area. Activities and socialization behavior are indistinguish-
able between military dependents and nonmilitary persons of
similar age. Using the measles incidence rate of 0.341 per 1,000
calculated for the civilian school-age population, it is logical to
have expected a similar incidence among military dependents or
at least three cases.

During the outbreak period, there were no reported cases
from the military dependent population. First, the likelihood of
the two observed incidence rates arising from the a single pop-
ulation if the overall incidence rate was 0.341 cases per 1,000
school-age individuals was tested and was significant at
p < 0.05 (Fischer exact test of two proportions). Second, the
likelithood of observing no cases if the military population was a
separate population group and the actual incidence in that
group was 0.341 cases per 1,000 was tested and found to be
significant at p < 0.10 (Poisson approximation to the exact
binomial distribution). These results support the conclusion
that a series of two immunizations will protect a community
from infection by and the consequent sequelae of measles.

If the 10,000 military-associated school and preschool age
children are truly a subset of the Anchorage population and at
risk of an infection at a rate of 3 per 10,000, the likelihood of
observing no cases of measles in the military-associated depen-
dent population is less than 10% (90% confidence interval).

Discussion

Measles remains a significant infectious disease, with 36.5 mil-
lion cases worldwide each year. More than 1 million deaths be-
cause of measles are reported annually, accounting for 10% of
deaths in children under 5 years old. The incidence in the United
States continues to drop, with 488 cases reported in 1996 and only
135 cases in 1997. In 1996, 98% of children entering school had at
least one measles vaccination, whereas 68% had two.®

In 1996, Alaska required one MMR for entry into school. In
February 1996, there was a measles epidemic in Juneau, conclud-
ing with 63 confirmed cases. At the time of the outbreak, 99% of
Juneau school children had received at least one measles vacci-
nation. Before the Juneau epidemic, there had not been a reported
case of measles in the Alaskan school system since 1976.7 After the
1998 outbreak, a two-dose MMR schedule was implemented for
students entering kindergarten through first grade.

During the 1998 Anchorage outbreak, there were two strati-
fied populations. The civilian sector, grades 4 through 12, had
been required to receive only one measles vaccine for school
entry, whereas the Department of Defense children were uni-
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formly given two MMRs, in compliance with the Advisory Com-
mittee on Immunization Practices recommendations. Despite
similar exposure risks, there were no confirmed cases of mea-
sles among the 10,658 Department of Defense dependent chil-
dren, although there were 25 confirmed cases among the 73,367
nonmilitary children (0.341 per 1,000). Measures implemented
to control the outbreak were well thought out and skillfully
executed. Medical institutions and schools rallied behind the
State of Alaska Department of Health and Social Services, Divi-
sion of Public Health, initiative.

Two-dose MMR regimens have clearly demonstrated improved
benefits over a single dose. China implemented the two-dose MMR
schedule in 1985. This resulted in a reduction from 1 million measles
cases with 4,200 deaths in 1981 to 75,000 with 108 deaths in 1996.°
Areport of a 9-year follow-up study in Finland states that measles,
along with mumps and rubella, infections have almost been elimi-
nated in Finland.® Measles incidence has also been shown to de-
crease after implementation of two-dose regimens in studies in the
United States and Cuba,? Israel,'° Ireland,'! and Saudi Arabia,'? and
studies have found increased levels of measles antibody in children
who have had two doses of vaccine. '3

Conclusion

As a result of this epidemic, the entire state has moved toward
requiring two MMR immunizations for all school-age children.
The present work supports the conclusion that two-dose vacci-
nations for measles should be the standard regimen in Alaska.
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