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Abstract: Of 54 federal immunization project
areas in the United States, 13 areas with low measles
incidence rates in 1977 and 1978 and 10 with high mea-
sles incidence rates were compared for differences in
surveillance systems, demography, vaccine utiliza-
tion, school immunization laws, and immunity levels.
There was no significant difference between the low
incidence and high incidence group for any examined
parameter of demographic characteristics, vaccine uti-
lization, or surveillance systems. However, in the low
incidence group, school immunization laws were

Introduction

Since the licensure of live measles virus vaccine in 1963,
the number of reported measles cases has decreased from
400,000-500,000 cases annually to 20,000-60,000 cases, with
a proportionate reduction in measles-associated mortali-
ty.2 The lack of a carrier state and a nonhuman host for the
measles virus and the availability of an effective vaccine gen-
erated optimism in the mid- 1960s that measles could be elim-
inated from the United States.3 The national measles eradi-
cation effort of 1966-1967 did not succeed, however; failure
was attributed in part to a shift in federal fiscal priorities to
rubella vaccine and in part to an underestimation of immuni-
ty levels necessary to prevent epidemic spread of this highly
infectious disease.4 5

Recently, there has been renewed federal interest in
measles control and measles elimination. An initiative, an-
nounced by the Secretary of the Department of Health, Edu-
cation, and Welfare in October 1978, seeks to eliminate in-
digenous measles from the United States by October 1,
1982.6

The Center for Disease Control (CDC) is responsible for
developing the national measles elimination program and for
coordinating its implementation through the federally sup-
ported immunization project areas. In 1966, Sencer, et al,3
defined four essential components of a measles elimination
strategy: routine immunization of one-year-olds, immuniza-
tion of remaining susceptible children at school entry, sur-
veillance, and epidemic control. Other related activities are
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found to be more comprehensive and more strictly en-
forced with a statewide policy of exclusion from
school of noncompliant students. Furthermore, immu-
nization levels were similar for two-year-olds in both
groups but were significantly higher for school en-
trants in the low incidence group. In all public health
efforts to control or eliminate measles, priority should
be given to establishing and strictly enforcing compre-
hensive school immunization laws. (Am J Public
Health 1981; 71:270-274.)

also important, including public and professional education,
volunteer assistance, legislation, research, and program
evaluation. Assessment of the relative effectiveness of each
of these activities in reducing measles transmission is an im-
portant part of the development of a national measles elimi-
nation strategy.

The experience with measles outbreaks in the U.S.
States and Territories has been quite variable, with annual
reported measles incidence rates consistently low in some
areas and consistently high in others. The present study was
designed to compare areas which apparently have been suc-
cessful in controlling measles (as evidenced by consistently
low incidence rates) with areas which have consistently re-
ported high measles incidence rates. We hoped that identi-
fying significant differences between the two groups would
provide a fuller understanding of the determinants of high
and low measles incidence, which could then contribute di-
rectly to the establishment of priorities for intervention in
the national measles elimination strategy.

Methods

Measles incidence rates (measles cases per 100,000 chil-
dren less than 18 years of age per year) were calculated for
54 federal immunization project areas (50 states plus Puerto
Rico, Guam, New York City, and the District of Columbia)
for the individual years 1977 and 1978 and for the combined
two-year period 1977-1978. Case data for 1977 and 1978
were obtained from CDC publications7 8 and population
data for 1976 were available from the U.S. Bureau of the
Census.9 Immunization project areas were then ranked (1-
54) on the basis of measles incidence, with low rank corre-
sponding to low measles incidence, for the periods 1977,
1978, and 1977-1978.

The selection criteria emphasized a consistently low or
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high measles incidence over the two-year period studied ex-
cluding states which showed wide fluctuation in yearly in-
cidence. The selection criteria stressed a consistently high or
low 1977-1978 incidence ranking, while allowing slightly
more variability for individual 1977 and 1978 incidence rates.
The specific criteria were chosen to yield appropriate num-
bers of low and high incidence areas for a meaningful com-
parison. The criteria used required a project to be in the top
or bottom 30 per cent of project areas in the combined 1977-
1978 incidence ranking and the top or bottom 45 per cent in
the individual 1977 and 1978 incidence rankings. Thus, a
high incidence area was defined as meeting the following
three selection criteria:

1. 1977-1978 measles incidence ranked 38 or higher (out
of 54)

2. 1977 measles incidence ranked 30 or higher
3. 1978 measles incidence ranked 30 or higher
Ten project areas (Illinois, Maine, Montana, New

Hampshire, Oregon, Tennessee, Vermont, Virginia, Wis-
consin, and Upstate New York) satisfied these criteria and
were designated the high incidence group in this study.

A low incidence area was defined as meeting the follow-
ing three selection criteria:

1. 1977-1978 measles incidence ranked 17 or lower
2. 1977 measles incidence ranked 25 or lower
3. 1978 measles incidence ranked 25 or lower
Thirteen project areas (Alabama, Alaska, Arkansas,

Delaware, Hawaii, Maryland, New Jersey, North Carolina,
Oklahoma, Rhode Island, South Dakota, Utah, and Wyo-
ming) satisfied these criteria and were designated the low in-
cidence group in this study.

The high incidence and low incidence groups were then
compared for differences in demographic characteristics,
surveillance systems, vaccine utilization, schoool immuniza-
tion laws, and immunization levels. Population less than 18
years old, metropolitan/nonmetropolitan distribution of the
population, and mean annual income per capita were ob-
tained by tables prepared by the Bureau of the Census. 10

Information on the presence of active surveillance and
toll-free telephone reporting systems was available from
CDC for 1978. Active surveillance was defined as the receipt
of regularly scheduled reports from hospitals, schools, and/
or local physicians. The quality of surveillance systems was
also assessed by the percentage of cases reported in 1977 in
which the age of the patient was known.7

Data on vaccine utilization were obtained from reports
submitted to the CDC. Estimates of the relative proportion
of publicly and privately administered measles vaccine were
obtained from surveys of two-year-old vaccine recipients
conducted in 1977 and 1978 in the individual project areas,
except New Hampshire and Oklahoma. The percentage of
the total vaccine purchased in the public sectors which was
administered to one- to four-year-olds was calculated for
each area as a measure of the degree of routine immuniza-
tion, as opposed to "catch-up" immunization and outbreak
control immunization of the school-aged group. The amount
of public sector vaccine administered from October 1977 to
September 1978 divided by the number of live births per year
gave an estimate of the impact on each area of publicly pur-

chased vaccine and associated public and private immuniza-
tion services.

The actual amounts of vaccine administered by private
providers, of vaccine used during outbreaks, and of vaccine
used for compliance with school immunization laws were not
available.

Each project area was evaluated for the presence of a
statewide school immunization law as of March 1978, the
number of years the law had been in effect, and the compre-
hensiveness of the law (school entrants only, including kin-
dergarten, first grade, and transfer students, or the total
school population from kindergarten through the 12th grade).
In addition, the areas were assessed for the presence in the
law of a school exclusion provision for noncompliant stu-
dents which read: "No student shall be admitted (or re-
tained) without proper documentation of immune status," or
"No principal shall admit (or retain) a pupil who is without
proper documentation of immune status." Finally, the proj-
ect areas were assessed for statewide enforcement of school
immunization laws by exclusion from school of non-
compliant students (either school entrants or the total stu-
dent population, depending on the law's jurisdiction), as re-
ported by the project areas to CDC.

Immunization levels for two-year-olds and school en-
trants were obtained at CDC from surveys conducted by the
individual project areas. Immunization surveys of two-year-
olds had not been done in Alaska, Oklahoma, Wyoming,
Maine, New Hampshire, Oregon, or Upstate New York. A
survey of school entrants was not done in Arkansas.

Numerical data presented in this study are means of the
values for individual high and low incidence areas. Statistical
significance was tested using the two-sample rank test
(Mann-Whitney U test) or the Fisher exact test (FET),
where applicable.

Results

The mean annual reported incidence rate for 1977-1978
for the low measles incidence group was 10.2 cases per
100,000 population less than 18 years of age compared with
128.7 per 100,000 for the high incidence group, a greater than
12-fold difference. The overall reported mean incidence for
the United States in 1977-1978 was 63.3 cases per 100,000
population. Prior to measles vaccine licensure in 1963, the
reported measles incidence for the United States approxi-
mated 700 cases per 100,000 population less than 18 years of
age per year.

Approximately 31 per cent of the population was less
than 18 years old in both groups (Table 1). The population of
the low incidence group was smaller and more metropolitan
than that of the high incidence group, but the difference was
not statistically significant (two-sample rank test). The mean
annual income for the two groups was equivalent.

Passive surveillance systems existed in all high and low
incidence areas (Table 2). Active surveillance systems were
present in a higher proportion of the low incidence group,
and toll-free telephone reporting systems in a higher propor-
tion of the high incidence group. These differences were not
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TABLE 1-Demographic Characteristics of Areas with High
and Low Measles Incidence, United States, 1977-78

Groups

Demographic Low High
Characteristics Incidence Incidence

No. of Areas 13 10
1976 Population < 18 Years Old 723,000 1,255,000

(as % of total population)* (31.7) (30.7)
1976 Per Capita Income* $6,422 $6,130
1970% Metropolitan* 58.4 49.4

*p > 0.05

statistically different (FET). The ages were known for more
than 90 per cent of persons with measles cases reported in
1977 for both high and low incidence groups.

The low incidence group reported a higher percentage of
vaccine administered by the public (as opposed to private)
sector, but the difference was not statistically significant
(Table 3, two-sample rank test). The percentage of total pub-
lic sector vaccine administered to one- to four-year-olds
and the amount of public sector vaccine administered per
live birth per year were equivalent in both groups, indicating
similar emphasis on routine immunization services and equal
reliance on publicly purchased vaccine.

State school immunization laws or regulations were
present in 12 of 13 low incidence areas and in nine of 10 high
incidence areas and had been in effect an equivalent number
of years in both groups (Table 4). While jurisdiction included
school entrants in all low and high incidence areas with
school laws, it included the total school population (kinder-
garten through 12th grade) for six of the 13 low incidence
areas but for none of the high incidence areas (p < 0.025,
FET). School exclusion provisions were present in the laws
of equivalent numbers of high and low incidence areas
(Table 4). However, statewide enforcement of immunization
laws with exclusion from school of noncompliant students
was noted only in low incidence areas. A school exclusion
policy was enforced statewide in 10 of 13 low incidence
areas as of March 1978. The absence of an explicit school ex-
clusion provision in the law did not preclude enforcement by

TABLE 2-Surveillance Systems in Areas of High and Low
Measles Incidence, United States, 1978

Groups

Surveillance Low High
System Incidence Incidence

Total No. of Areas 13 10
Passive Surveillance System* 13 10
Active Surveillance System* 3 1
Toll-Free Telephone

Reporting System* 4 4
% of 1977 Cases

Reported by Age* 93.5 91.5

*p > 0.05

TABLE 3-Vaccine Utilization In Areas with High and Low Mea-
sles Incidence, United States, 1977-78

Groups

Vaccine Low High
Utilization Incidence Incidence

% of Vaccine Administered
by Public Providers* 41.8 28.3

% of Public Sector Vaccine
Administered to
1- to 4-year-olds* 47.3 40.0

Doses of Public Sector
Vaccine per Live Birth
per year 10/77-78* 1.45 1.38

*p > 0.05

exclusion in some instances. In high incidence areas enforce-
ment of school immunization laws by school exclusion of
noncompliant students was spotty at best and was never
found statewide. The difference in enforcement of school im-
munization laws between high and low incidence groups was
highly significant (p < 0.001, FET).

Immunization levels of two-year-olds were similar in
both groups (Table 5). Immunization levels of school en-
trants were significantly higher for low incidence areas com-
pared with high incidence areas (p < 0.025, two-sample rank
test).

Discussion

In this study of several factors possibly related to the
reported incidence of measles, there were no differences in

TABLE 4-Existence, Duration, and Jurisdiction of School Im-
munization Laws, and Their Exclusion Provisions
and Enforcement In Areas of High and Low Measles
Incidence, Unied States, March 1978

Groups

Status of Immunization Low High
Laws and Enforcement Incidence Incidence

TotalNo.Areas 13 10
No. (%) of Areas with State-
wide Immunization Laws* 12 (92) 9 (90)

Mean Duration (years) of
Existence* 6.4 6.8

No. (%) of Areas with Laws
Covering School Entrants* 12 (92) 9 (90)

No. (%) of Areas with Laws
Covering Total School
Population" 6 (46) 0 ( 0)

No. (%) of Areas with School
Exclusion Present in Law* 7 (54) 5 (50)

No. (%) of Areas with School
Exclusion Enforced
Statewide*** 10 (77) 0 ( 0)

*p > 0.05
**p < 0.025
***p < 0.001
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TABLE 5-Percentage of Two-Year-Olds and School Entrants
Adequately Immunized against Measles In Areas
with High and Low Measles Incidence, United
States, 1977-78

Groups

Low High
Age Group Incidence Incidence

Two-Year-Olds* 84 87
School Entrants** 95 89

*p > 0.05
**p < 0.025

demographic characteristics, vaccination programs, or sur-
veillance systems in States with high incidence of measles
1977-1978 as compared to States with low incidence. How-
ever, school immunization laws were more comprehensive
in low incidence areas and were enforced statewide with
exclusion from school of noncompliant students in the
majority of these areas. In contrast, school immunization
laws did not apply to the total school population in the high
incidence group, and they were not enforced statewide
during the period studied. The evidence indicates a strong
association between comprehensive, vigorously enforced
school immunization laws and a low incidence of measles.
This suggestion is reinforced by the results of immunization
surveys. Equivalent immunization levels were noted for
two-year-olds, but the immunization level was significantly
higher for school entrants in the low incidence group. Although
the high incidence group averaged 89 per cent immunization
levels for school entrants, experience has shown that measles
epidemics can propagate with the level of protection.4' 11. 12
Immunization levels averaged 95 per cent in the low incidence
group; this 6 per cent increase over high incidence areas may
actually afford significantly increased protection to the enter-
ing school population. These figures do not reflect the immu-
nization levels of the entire enrolled student population, for
whom data were not available.

A number of potentially important variables which af-
fect measles incidence were not included in this study. Al-
though all high and low incidence areas had outbreak control
systems judged "adequate" for federal funding, this variable
could not be fully assessed because of the lack of measurable
parameters. The role of health education and volunteer ac-
tivities could not be studied for similar reasons.

The history of school immunization laws in the United
States dates to the era of smallpox vaccination in the 19th
century.'3 In 1853 Massachusetts became the first state to
require smallpox vaccination for schoolchildren. Enactment
of compulsory school vaccination laws by other states fol-
lowed, but enforcement was variable, depending on the de-
gree of cooperation, apathy, or opposition of local school
boards. In 1895, in the face of a widespread smallpox epi-
demic, Pennsylvania passed a compulsory school vaccina-
tion law requiring that all children provide a physician's cer-
tificate of vaccination or certified history of previous small-
pox infection before being permitted to attend school. The

enforcement of this law, which had strong public support
throughout the state, was followed by a dramatic reduction
in smallpox in the ensuing years. The constitutionality of
compulsory school immunization laws was upheld by the
U.S. Supreme Court in 1922.'4

The extension of immunization laws to vaccines other
than smallpox began in the 1950s with the introduction of
poliomyelitis vaccine and continued through the 1960s with
the advent of measles, mumps, and rubella vaccines. By
1972, 28 of the states and territories had enacted school im-
munization laws requiring measles immunization prior to
school entry.'5 Forty-six of the states and territories had
mandated such a law by 1976.16

A 1977 study by CDC demonstrated that states with
compulsory school immunization laws in 1973 had a 50 per
cent lower incidence of measles than those without such
laws. 17 In many states, however, either school immunization
laws were enacted withou t providing penalties for non-
compliance or penalties were not enforced as mandated by
law. In 1978, a further study by CDC demonstrated that 6
states with strictly enforced comprehensive school laws had
a 90 per cent lower incidence of measles than the rest of the
nation.'8 Several reports have documented the success of
individual states in strictly enforcing school immunization
laws. 9' 20

With more than 80 per cent of measles cases presently
occurring in children 5- to 19-years-old, schools are undoubt-
edly the major site of measles transmission in this country.
In this comparison of high and low incidence areas, enforc-
ing comprehensive school immunization laws by excluding
noncompliant students from school was the major distin-
guishing characteristic. Given adequate vaccine accessibility
and support from local school administrators and the general
public, enforcing school immunization laws with jurisdiction
over the entire school population can ensure protection of all
schoolchildren for whom immunization is not con-
traindicated, thereby lowering significantly the potential for
epidemic spread. Enacting and strictly enforcing such com-
prehensive laws should be given high priority in all public
health efforts to control or eliminate measles.
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