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Measles mortality provides an indicator in defining the population at greatest
risk of experiencing serious complications from measles as well as serving as a
parameter in assessing the impact of immunization programs. Efforts to
vaccinate susceptible children have helped to reduce measles morbidity and
mortality in the United States. Mortality rates were highest in children 6-11
months of age. Higher mortality rates were noted in places with less than
10,000 people and in counties having a large percentage of the population with
incomes below poverty level. Vaccine should be accessible to all populations,
but intensive efforts need to be directed toward groups at high risk of dying
from measles who are suffering from a myriad of other health, social, and
economic problems.

Measles; mortality; vaccination

More than a decade has passed since
live-virus measles vaccine was licensed for
use in the United States. Vaccine licen-
sure in 1963 followed the isolation of wild
measles virus by Enders and Peebles in
1954 (1) and its subsequent cultivation and
attenuation on chick embryo cells by Milo-
vanovic and co-workers (2, 3). The vaccine
has continued to be effective and safe.

Local, state, and national health pro-
grams have distributed nearly 70 million
doses of live-virus vaccine, nearly 25 per
cent of which were federally funded. Eradi-
cation programs first received federal sup-
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port in 1965, and they helped produce the
striking reduction in the number of cases of
measles noted in the United States. How-
ever, in 1969, federal priorities shifted to an
intensive rubella vaccination program and
a resurgence of measles took place. This
upward trend in reported morbidity and
mortality from measles was finally re-
versed in late 1971 when federal funds were
reinstated, and nearly 8 million doses of
vaccine were distributed annually (4). The
widespread use of measles vaccines ac-
counts for the dramatic decline in measles-
associated morbidity and mortality in the
United States during the last decade (fig-
ure 1).

As we move into the second decade of
vaccine availability, evaluation of the con-
tinuing impact of measles vaccination is
required. Reports describing the status of
measles control in the United States have
dealt primarily with the epidemiology of
measles and emphasized morbidity, immu-
nity levels (by immunization and/or natu-
ral disease), and vaccine usage as indica-
tors of past successes and potential pro-
gress (4-8). In contrast, this paper will
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focus on deaths caused by measles and
thereby provide another measure of the
impact of measles vaccines in the United
States.

METHODS

Line listings of recorded measles deaths
in the United States compiled by the
National Center for Health Statistics
(NCHS) provided age, sex, race, state and
county of residence, and month of death
data on all persons with death attributed
to measles. The six-year period 1958-1963
was selected to provide data on measles
mortality prior to vaccine licensure, while
1965-1967 and 1968-1970 were analyzed
separately and together to evaluate the
impact of vaccine on mortality; 1970 is the
latest year for which detailed mortality
data are currently available.

Income-specific mortality rates were cal-
culated by stratifying the county of resi-
dence of individuals who died of measles in
1962-1969 according to the percentage of
individuals with incomes below poverty
level (1960 Office of Economic Opportunity
standards3) and determining the number
of deaths and population of these counties.
The unavailability of data necessitated
different year groupings for income-specific
mortality rates. The death-to-case ratio
was computed by dividing age-specific
mortality by age-specific morbidity data.

Morbidity data were derived from two
sources. The Center for Disease Control
compiles weekly morbidity information on
reported measles cases in the United States
through the cooperation of state and local
health departments (4). A second major
source of morbidity data is the estimated
number of measles cases compiled annu-

3 Defined by Social Security Administration guide-
lines using nutritionally adequate food as the basis for
determination of poverty income cutoffs. In 1960, 22.2
percent of the population was at poverty level income
or below. For a family of four, this level was $3017
("Revision in Poverty Statistics, 1959 to 1968," Cur-
rent Population Reports, Series P-23, No. 28, August
12, 1969. Bureau of the Census, US Department of
Commerce).

ally by the National Center for Health
Statistics from a health interview survey
conducted in cooperation with the Bureau
of the Census (9). The age distribution of
measles patients was available from data
collected by the Center for Disease Control
(4,5).

Rates for the periods 1958-1963 and
1960-1963 were based on the 1960 Census.
Estimates of 1966, 1969, and 1967 popula-
tion were derived from interpolations of
1960 and 1970 Census information and
used as the base for 1965-1967, 1968-1970,
and 1965-1970, respectively. However,
1960 Census data were used in the calcula-
tion of income-specific mortality rates for
the entire period analyzed.

RESULTS

Average annual measles mortality rates
have slowly declined since the early 1900's
from an average of 10 deaths from measles
per 100,000 population early in the century
to 0.23 per 100,000 during the six-year
period 1958-1963, when 2523 deaths from
measles were recorded. Following vaccine
licensure, the average annual mortality
rate dropped to 0.065 deaths per 100,000
population in 1965-1970. A relatively
smaller decline in rates was noted in the
three-year period 1965-1967, while the
most substantial decrease in mortality
rates was observed in 1968-1970. The
total number of deaths more than quartered
in 1965-1970, with 618 deaths recorded,
only 154 of which occurred in 1968-1970.
Reported measles cases remained rela-
tively constant before the introduction of
vaccine in 1963, and it was not until 1965
that the first marked decrease in incidence
was noted (figure 1).

Seasonal trends. Deaths attributed to
measles occurred primarily in the late
winter and the spring, corresponding to the
seasonal pattern of measles cases in the
United States. The largest number of cases
reported and deaths recorded before and
after vaccine licensure was in April.

Geographic distribution. Measles mor-
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DATA AVAILABLE THROUGH 1972

FIGURE 1. Reported measles cases and deaths per 100,000 population, United States, 1912-1974.

tality rates by state were consistently
higher in the southern part of the United
States. Although statewide mortality rates
were lower after vaccine licensure, the geo-
graphic clustering of states in the higher
quartiles was similar to that noted prior to
vaccine licensure (figure 2). In 1968-1970,
Arizona, Mississippi, Montana, and New
Mexico had the highest mortality rates.
The same geographic distribution of states
in the south with high mortality rates was
noted for race-specific mortality rates.

Population size of place of residence.
The population size of the place of resi-
dence was found to have a large effect on

measles mortality rates. Mortality rates in
places with 10,000 or more people were
lower than rates in places with less than
10,000 residents. Following vaccine licen-
sure, the relative percentage decreases in
population-specific mortality rates were
greatest in places with populations under
10,000. The differential mortality rates in
larger and smaller communities declined
with increasing vaccine usage (table 1).

Income level. Income-specific mortality
rates increased as the percentage of resi-
dents with incomes below poverty level
increased. Counties with over 60 per cent of
the population with incomes below poverty
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A. 1958-1963

FIGURE 2. Average annual measles mortality rates, United States, 1958-1970.

level had the largest percentage diminu-
tion in mortality rates, dropping from 0.92
average annual deaths per 100,000 popula-
tion in 1962-1963 to 0.09 deaths per 100,000
in 1967-1969 (table 2).

Age and sex. Age-specific mortality rates
decreased with increasing age, the rate
being lowest for those 15 years of age or
over (table 3 and figure 3A). Mortality
rates for infants increased substantially at
six months of age and were greatest for

those six to 11 months of age. Of children
who died when one to four years of age, the
age-specific mortality rate was highest for
one-year-olds and decreased with age
(table 3). The percentile distribution in
each age group of population of the place of
residence was similar.

Following the licensure of measles vac-
cines, age-specific mortality rates de-
creased in all age groups. The largest
decline was noted in 1968-1970. Those
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TABLE 1

Average annual measles mortality rate per 100,000 population and (average annual deaths), by year and
population size of place of residence, United States, 1960-1970

Population size of
place of residence 1960-1963 1965-1967 1968-1970

>1.0 million
100,000-999,999
10,000-99,999
<10,000

Total

.13 ( 23.5)

.16( 55.0)

.17 ( 78.5)

.29 (140.0)

.22 (297.0)

.07 ( 12.7)

.09 ( 31.3)

.07 ( 35.0)

.15(127.0)

.11(206.0)

.03 ( 6.0)

.02 ( 8.0)

.02(10.0)

.03(27.3)

0.3(51.3)

TABLE 2

Average annual measles mortality rate per 100,000 population and (average annual deaths), by year and income
level, United States, 1962-1969

% population in
county with
income below
poverty level*

<19.9
20.0-39.9
40.0-59.9

>60.0

Total

1962-1963

White

.13 (147.5)

.25 (92.4)

.33 (23.6)

.87 (10.5)

.18 (274.0)

Black/other

.03

.13

.49

.97

.56

(0.1)
(8.1)

(23.8)
(79.9)

(111.9)

1964-1966

White

.10 (114.3)

.22 (80.5)

.40 (29.1)

.75 (9.0)

.16 (232.9)

Black/other

.03 (1.0)

.16(10.3)

.32(15.6)

.72 (59.4)

.43 (86.3)

1967-

White

.02(17.1)

.03(12.2)

.08 (5.7)

.07 (0.8)

.02 (35.8)

1969

Black/other

.00 (0.0)

.05 (3.2)

.05 (2.5)

.09 (7.6)

.07(13.3)

* 1960 Office of Economic Opportunity standards.

under one year of age and over 15 years
experienced the smallest decrease in rates.
The mortality rate in 1968-1970 was 0.35
deaths per 100,000 in children under one
year of age, more than twice that of chil-
dren one to four years of age (0.15 deaths
per 100,000) (figure 3A).

No differences were noted before or after
vaccine licensure in sex-specific mortality
rates.

Race. In 1958-1970, race-specific mortal-
ity rates for the white population remained
lower than for the black/other population
despite the introduction of measles vaccine
in 1963. Reductions in mortality rates were
noted for both groups after vaccine licen-
sure, the rate for white populations re-
maining at less than half of the 0.05 deaths
per 100,000 population recorded for black/
other populations in 1968-1970.

The largest differences in age-race-
specific mortality rates between the white

and black/other populations were noted for
children four years of age and younger and
decreased with increasing age. In children
under one year of age the disparity was
most striking, the rate in 1968-1970 for
white children being one-fourth the rate of
0.95 deaths per 100,000 population for
black/other children under one year (table
3).

Income-race-specific mortality rates
demonstrated no significant differences in
mortality rates between the white and
black/other populations in lower income
strata. In communities having 60 per cent
or more of the population with incomes
below poverty level, the white and black/
other populations had similar mortality
rates. Although decreases after vaccine
licensure were noted in all groups, no
consistent pattern was noted (table 2).

Death-to-case ratio. The death-to-case
ratio provides an excellent basis for assess-
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TABLE 3

Average annual measles mortality rate per 100,000 population and (average annual deaths), by year, age and
race, United States, 1958-1970

Age (years)

< 1
0-5 months
6-11 months

1-4
1
2
3
4

5-9
10-14
15+

Total

1958-1963

White

1.62
.73

2.49
1.08
1.82
1.03

.73

.74

.43

.09

.02

.20

(56.5)
(12.7)
(43.8)

(149.7)
(63.7)
(36.0)
(25.0)
(25.0)
(69.7)
(13.2)
(22.3)

(311.4)

Black/other

5.10
2.46
7.70
2.55
5.58
2.06
1.34
1.08
.41
.11
.02

.52

(31.3)
(7.5)

(23.8)
(59.8)
(33.6)
(12.2)

(7.8)
(6.2)

(10.8)
(2.3)
(2.5)

(106.7)

1965-1967

White

.97

.49
1.46
.51
.81
.55
.35
.32
.20
.05
.01

.08

(30.4)
(7.7)

(22.7)
(64.0)
(25.7)
(17.0)
(11.0)
(10.3)
(33.3)

(7.7)
(9.3)

(144.7)

Black/other

2.72
2.05
3.39
1.56
3.48
1.25

.82

.69

.30

.05

.02

.26

(15.7)
(6.0)
(9.7)

(35.3)
(19.6)
(7.0)
(4.7)
(4.0)
(8.7)
(1.3)
(0.3)

(61.3)

1968-1970

White

.23

.09

.38

.13

.24

.11

.07

.09

.05

.01

.00<

.02

(7.0)
(1.3)
(5.7)

(14.7)
(7.0)
(3.0)
(2.0)
(2.7)
(9.0)
(2.0)

1 (5.3)

(38.0)

Black/other

.95

.00
1.95

.27

.94

.13

.06

.00

.04

.00

.001

.05

(5.3)
(0.0)
(5.3)
(6.0)
(5.0)
(0.7)
(0.3)
(0.0)
(1.3)
(0.0)
(0.7)

(13.3)

ing the severity of disease as reflected by
death in different age and population
groups. Employing reported measles cases
compiled by the Center for Disease Con-
trol, and deaths, the death-to-case ratio
over the 12-year study period was 9.35
deaths per•• 10,000 reported cases. Similar
computations utilizing National Center for
Health Statistics disease estimates provide
a much lower death-to-case ratio of 0.68
deaths per 10,000 estimated measles cases.
The large discrepancy was probably a re-
flection of the inaccuracies of current data
collection procedures.

Although age-specific attack rates de-
creased in all age groups in 1965-1970 when
compared with prevaccine levels, the larg-
est decrease in attack rates was in the
preschool and elementary school children
who were the focus of measles control
programs (figure 3B).

Age-specific death-to-case ratios demon-
strated similar trends prior to and after the
licensure of vaccine. Children under one
year of age consistently had high death-to-
case ratios, with a marked reduction in
deaths per 10,000 cases with increasing
age. The death-to-case ratio for persons 15
years and older was nearly as high as for
infants until 1967 and higher in 1968-1970
(figure 3C).

To determine the true death-to-case
ratio, both morbidity and mortality com-
ponents must be analyzed. Current evi-
dence indicates that cases reported to the
Center for Disease Control represent 6-8
per cent of the number of cases actually
occurring (4). The estimated cases com-
piled by the National Center for Health
Statistics represent an overestimate of true
cases, since only 4-5 million cases could
have occurred per year prior to the vaccine
era, if better than 95 per cent of the adult
population were protected as has been
documented by numerous epidemiologic
and serologic studies (10). In 1958-1963,
the National Center for Health Statistics
estimated that 6.5 million cases occurred
annually. A part of the overestimates re-
sult from the difficulty in distinguishing
between measles and other rash diseases by
household interview techniques. Indeed,
the estimates of the National Center for
Health Statistics have a relatively large
sampling error. (For example, in 1966 the
95 per cent confidence limit based upon the
sample estimate of 2,927,000 cases was
2,003,000 to 3,911,000 cases.)

In addition, fewer than the true number
of deaths attributable to measles are re-
corded as such. Measles may have only
been considered to have contributed to
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death and the death not be directly attrib-
uted to measles in the line listings of
recorded deaths.

Considering 1) that cases reported to the
Center for Disease Control represent fewer
than 10 per cent of actual clinical cases, 2)
that the National Center for Health Statis-
tics morbidity data overestimate true mor-
bidity, and 3) that the recorded deaths do
not reflect the total directly attributable to
measles, the true death-to-case ratio can
be estimated to be approximately 1.0
deaths per 10,000 measles cases.

4 0 l A. MORTALITY

DISCUSSION

This paper has attempted to define the
population at greatest risk of dying from
measles and assessing the impact of
measles vaccine on these risk factors. The
delineation of risk factors may provide an
indicator of those populations at greatest
risk of experiencing serious complications
from measles.

In assessing the validity of such an
analysis, it is appropriate to recall a state-
ment made in 1933 by A. W. Hedrich:
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FIGURE 3. Measles age-specific rates, United States, 1958-1970.
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"The research worker in this branch of
epidemiology (measles) faces the alterna-
tives of struggling with imperfect raw ma-
terial or of abandoning his search for infor-
mation (11)." Data must be interpreted in
the context of current local and national
priorities, especially when the analysis is
retrospective. However, little has changed
to make the conclusions less valid and in
fact, a resurgence in measles morbidity was
noted in 1969-1973.

Since the early 1900's, measles mortality
rates have declined subsequent to ad-
vances in medical technology and patient
management and the introduction of ap-
propriate antibiotic therapy. In the last
decade, efforts to vaccinate susceptible
children have accounted for recent reduc-
tions in measles morbidity and mortality.
Quantitatively, the greatest impact was
noted in 1968-1970, when reported cases
and recorded mortality reached record
lows; however, the populations with the
highest mortality rates before vaccine li-
censure continued to have the highest
rates after 1963.

Contrary to earlier expectations, measles
has not been eradicated (12). Until eradi-
cation becomes a reality, programs must be
directed at prompt epidemic control com-
bined with vaccination of susceptible pop-
ulations, particularly those at greatest risk
of suffering serious complications.

In focusing attention on children under
one year of age, the data serve to define the
population at greatest risk of suffering
serious measles complications. Respiratory
causes of death accounted for nearly 65 per
cent of the deaths in this age group (13).
The geographic distribution is certainly a
reflection of inequities of availability of a
host of services, medicine being just one
key element. Rural populations residing in
counties with a large percentage of the
population below poverty levels are re-
flected in the mortality rates by state
(figure 2). The higher mortality rates in
some states are not explained simply by a

younger population developing measles.
Certainly, the reported experience in

other countries has underlined the greater
risk to young children and the importance
of poor nutritional and health status in
contributing to rates of death associated
with measles (14-17). Robson and Jones
(18) documented that in the United States,
measles deaths primarily occur in individ-
uals below established height and weight
norms. The 10-State Nutrition Survey con-
ducted in the United States in 1968-1970
indicated that evidence of malnutrition
increased as income level decreased and
was least common in white persons (19).
Death-to-case ratios generally decrease
with improving nutrition and health status
of a population (20, 21).

These risk factors must be incorporated
in ongoing measles control programs. The
primary goal of measles vaccination should
be the prevention of measles cases, but
perhaps even more importantly, a reduc-
tion in complications secondary to measles.
Certainly, vaccine should be accessible to
all populations, but more intensive efforts
need to be directed toward high-risk groups
who are no doubt suffering from a myriad
of social and economic problems and in all
likelihood have the least accessibility to
adequate health care.

Despite the decreased efficacy of vacci-
nation of children under 12 months of age,
mortality data indicate that selective vac-
cination of six- to nine-month olds must be
considered in highly endemic or epidemic
areas. Scheduled revaccination at one year
of age must be an integral part of any such
program (22). Attention must also be fo-
cused on the population over 15 who will
represent an increasing percentage of
measles cases as declining rates of natural
infection are observed. The higher death-
to-case ratio in this group may be indica-
tive of a greater risk of complications from
measles, exposing the unprotected adult to
the potential of substantial morbidity.

Important inroads have been made in
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reducing measles morbidity and mortality
since the licensure of live measles vaccine.
As the second decade of vaccine availabil-
ity evolves, the impact of measles vaccine
will require careful assessment. Although
mortality can only provide a retrospective
analysis, it does serve to define populations
in need of attention in establishing future
priorities.

REFERENCES

1. Enders JF, Peebles TC: Propagation in tissue
cultures of cytopathogenic agents from patients
with measles. Proc Soc Exp Biol Med 86:277-286.
1954

2. Milovanovic MV, Enders JF, Mitus A: Cultiva-
tion of measles virus in human amnion cells and
in developing chick embryo. Proc Soc Exp Biol
Med 95:120-127, 1957

3. Enders JF, Katz SL, Milovanovic MV, et al:
Studies on an attenuated measles-virus vaccine.
I. Development and preparation of the vaccine:
Technics for assay of effects of vaccination. N
Engl J Med 263:153-159, 1960

4. Center for Disease Control: Measles Surveillance,
Report No 9. Issued August, 1973. DHEW Publi-
cation No (CDC) 74-8253

5. Center for Disease Control: Measles Surveillance,
Report No 8. Issued December, 1971. DHEW
Publication No (HSM) 72-8080

6. Barkin RM, Conrad JL: Current status of measles
in the United States. J Infect Dis 128:353-356,
1973

7. Krugman S: Present status of measles and rubella
immunization in the United States: A medical
status report. J Pediatr 78:1-16, 1971

8. Langmuir AD: Medical importance of measles.
Am J Dis Child 103:54-56, 1962

9. National Center for Health Statistics: Acute Con-'
ditions Incidence and Associated Disabilities.
DHEW Publication No (HRA) 74-1515

10. Axnick NW, Shavell SM, Witte JJ: Benefits due
to immunization against measles. Public Health
Rep 84:673-680, 1969

11. Hedrich AW: Monthly estimates of the child
population "susceptible" to measles 1900-1931,
Baltimore, Maryland. Am J Hyg 17:613-636, 1933

12. Conrad JL, Wallace R, Witte JJ: The epidemio-
logic rationale for the failure to eradicate measles
in the United States. Am J Public Health
61:2304-2310, 1971

13. Barkin RM: Measles mortality: Analysis of the
primary cause of death. Am J Dis Child
129:307-309, 1975

14. Morley DC, Martin WJ, Allen I: Measles in West
Africa. West Afr Med J 16:24-31. 1967

15. Tanega FN, Ghai OP. Bhakoo ON: Importance of
measles in India. Am J Dis Child 103:56-59, 1962

16. Miller DL: Frequency of complications of
measles, 1963. Br Med J 2:75-78, 1964

17. Babbott FL, Galbraith NS, McDonald JC, et al:
Deaths from measles in England and Wales in
1961. Monthly Bull Minist Health (London)
22:167-175, 1963

18. Robson JRK, Jones E: Is the child with poor
growth achievement more likely to die of measles?
Clin Pediatr (Philadelphia) 10:270-271, 1971

19. Center for Disease Control: Ten-state nutrition
survey, 1968-1970. DHEW Publication No
(HSM) 72-8134

20. Scrimshaw NS, Salomon JB, Bruch HA, et al:
Studies of diarrheal disease in Central America.
VIII. Measles, diarrhea, and nutritional defi-
ciency in rural Guatemala. Am J Trop Med Hyg
15:625-631, 1966

21. Babbott FL, Gordon JE: Modern measles. Am J
Med Sci 228:334-361, 1954

22. American Academy of Pediatrics: Report of the
Committee on Infectious Diseases, 1974, Evans-
ton, II, pg 81


