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PREVIOUS REPORTS have confirmed
the safety and effectiveness of live attenu¬

ated measles-virus vaccine (IS). Not only
have reactions been mild, when used in conjunc-
tion with immune globulin, but the live vaccine
has been effective enough to elicit an antibody
response in approximately 98 percent of chil¬
dren who are seronegative for measles. In
addition, antibody levels are detectable for pe¬
riods exceeding 1 year and immunity is close to
100 percent when confronted with a measles epi¬
demic, at least for 1 year following immuniza¬
tion.

Less information has been available on in¬
activated measles-virus vaccine. Therefore, the
study reported here was designed to evaluate
the protective effect of inactivated vaccine on

kindergarten children exposed to measles. Also
presented is the probability of subclinical in¬
fections from natural measles virus following
immunization with this vaccine.

Materials and Methods

Vaccine and vaccine schedule. A formalin-
inactivated, alum-precipitated, concentrated
measles-virus vaccine (Edmonston strain) was

used (6 and A). A control group received a

placebo containing the adjuvant material.
At the time of the first injection, vaccine A

(measles vaccine) or vaccine B (placebo) was

randomly assigned to each child. Children
given vaccine A received three 1.0-ml. injections
of measles vaccine at monthly intervals during
the first weeks of October, November, and De¬
cember 1961. Those given vaccine B received
identical amounts of placebo during the same

time schedule. Parents were not told which ma¬
terial their child received until 19 months after

the study began, when measles vaccine became
available commercially.

Clinical subjects. Colorado Springs, Colo.,
had not had a major outbreak of measles since
1956; therefore, it wTas anticipated that a large
number of kindergarten children would be sus¬

ceptible to the illness in 1961-62. Cooperation
was sought from parents of the 1,900 kinder¬
garten children in 24 elementary schools, and
480 children with no previous history of measles
were enrolled in the trials. Of these children,
427 actually completed the entire series of three
injections; 232 received the vaccine and 195 the
placebo. At the time of the first injection all
children were between the ages of 4 years, 9
months and 5 years, 9 months.

Surveillance. Surveillance of illness in both
groups was maintained by school nurses who in¬
vestigated any school absence of more than 4
days. In addition, all parents were asked to
report by telephone any illness even remotely
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Table 1. Final diagnosis of illnesses among
111 children participating in measles vaccine
field trials, December 1961-December 1962

resembling measles. Finally, in June 1962 and
again 1 year after completion of injections,
questionnaires were sent to parents of the sub¬
jects asking for information on the presence or

absence of measles during the study period,
whether the child had been exposed to measles,
and the type of exposure.

Reported cases were investigated individually
by home visits or by telephone and were classi¬
fied in one of four categories on the basis of the
clinical course. Illness classified as regular
measles had to meet the following criteria: a

rash on the head, neck, and trunk for a mini¬
mum of 3 days and a temperature on at least one
occasion of 108° F. orally or 104° F. rectally.
When temperatures were not taken, not recalled,
or did not reach these levels, the presence of
fever for 4 or more days was accepted as an

adequate substitute for the fever criterion.
Children with measles characterized by cough or

coryza, fever, and rash but not meeting the above
criteria for both fever and rash, were classified
as having mild measles. Illness clearly incon-
sistent with measles was classified as "not
measles" and remaining illnesses were classified
as "unknown diagnosis."

Serology. Paired serums from 18 children
who received the measles vaccine were tested.

Reported cases of measles, by month, El Paso County, Colo., 1961-62
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The first specimen was collected when the first
vaccine dose was administered; the second speci¬
men was obtained 6 weeks after the third and
final injection. A third serum specimen was

obtained from 14 of the children 10 months
after the final dose.

All serums were tested by Dr. Vincent Ful-
giniti, using a modified hemagglutination-inhi¬
bition method as originally described by Rosen
(7,8).
Results
One year after completion of vaccine and

placebo administration, followup information
was obtained for 170 (75 percent) of the 232
children who received three injections of mea¬

sles vaccine and 158 (82 percent) of the 195
children who received three injections of
placebo.
An outbreak of measles in El Paso County,

Colo., beginning in late January 1962, 7 weeks
after the final vaccine injection, provided an

ideal opportunity to test the vaccine under epi¬
demic conditions (see graph). Of the 328 chil¬
dren with known histories 1 year after immuni¬
zation, 111 reported illness possibly due to
measles. Twenty-eight children were in the
vaccine group and 83 were in the placebo group.
Four children in the vaccine group met the cri-

Table 2. Number and percentage of children
with regular or mild measles participating in
measles vaccine field trials, December 1961-
December 1962

Note: Vaccine effectiveness

(Expected cases.observed cases) X100

(.455X170)
Expected cases

-14
.455X170 (100) =82 percent effective.

teria for regular measles, and an additional 10
had mild measles (table 1). Four children re¬

ported illnesses definitely not due to measles
while 10 illnesses could not be diagnosed with
certainty. In the placebo group, 53 children
met the criteria for regular measles, 19 had
mild measles, 3 had illnesses not due to measles,
and for 8 a definite diagnosis could not be made.

Table 3. Hemagglutination-inhibition titers of 14 children before and after receiving inactivated
measles-virus vaccine

1 Information not available.
2 Cough, coryza, conjunctivitis, and temperature of 104.3° F. orally, in May 1962. Developed no rash.
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The number and percentage of cases of reg¬
ular or mild measles in both the vaccine and
placebo groups are shown in table 2. The inci¬
dence of measles in the placebo group was more

than five times as great as in the vaccine group.
Also, the majority of children who received the
placebo and had measles, had regular measles;
among the vaccine-treated children who devel¬
oped measles, the majority had mild measles.

Hemagglutination-inhibition titers in 3 of 18
children who received vaccine were high before
immunization, indicating prior immunity de¬
spite the negative histories. All 15 seronegative
children developed increased titers following
measles vaccination. A third titer, 10 months
after completion of immunization, was obtained
in 14 of the 15 children having negative titers
before vaccine administration. The titers as

well as information on measles or exposure to
measles are shown in table 3.

Subject No. 12 (table 3), developed cough,
coryza, conjunctivitis, and a temperature of
104.3° F. orally for 3 days in May 1962. Al¬
though she developed no evidence of a rash, it
is possible that her illness represented an infec¬
tion with measles virus. One week after the on¬
set of her illness two of her siblings developed
regular measles. Subjects 8, 10, and 14 devel¬
oped clinical measles while subjects 11 and 13
were exposed to siblings with regular measles
but developed no clinical symptoms themselves.
Information from parents disclosed that 27

children who had received vaccine had been ex¬

posed to measles by ill siblings. Three such
children developed regular measles and two de¬
veloped mild measles. Other types of exposure,
in school, playground, and so forth, were en¬

countered by 49 children in the vaccine group;
1 developed regular measles and 3 developed
mild measles.
Home exposure was reported for 15 children

in the placebo group; 5 developed regular mea¬
sles and 2 mild measles. Of 46 children in the
placebo group who were exposed outside the
home, 15 developed regular measles and 3 de¬
veloped mild measles.

Comment
We are aware of the hazards of a retrospec¬

tive diagnosis of measles. However, the experi¬
ence of Guinee in the Cooperative Measles Vac¬

cine Field Trial conducted in five cities (9) has
indicated a high degree of reliability in com¬

paring results from different investigators when
measles was diagnosed on the basis of fever,
rash, and days in bed.
That surveillance was for a limited period of

time and therefore cannot provide answers re¬

garding long-term vaccine protection does not
detract from the validity of protection figures
for the period of study.
There was a marked difference in measles in¬

cidence between the vaccine and placebo groups,
and the majority of measles cases following the
vaccine were mild though most cases were regu¬
lar in the placebo group.
The effectiveness of the vaccine in preventing

any clinical evidence of measles was:

Expected cases.observed cases X100
Expected cases

(77.4-14) (100)77~4-=^ percent effective
(table 2). The effectiveness in preventing
regular measles is even more impressive, being
100X (57-4)Tgf\-=93 percent effective. To re-

emphasize, although histories were collected for
1 year following immunization, the children
were not exposed to measles during the last 6
months of the year (see graph). Therefore,
effectiveness figures actually pertain to the first
6 months following vaccine administration.
The effectiveness of vaccine in this group is

consistent with reports of seroconversion fol¬
lowing inactivated measles vaccine in 90 to 100
percent of susceptible children (5,10-12). The
effectiveness in preventing regular measles and
mild measles is almost identical with the find¬
ings of the Cooperative Measles Vaccine Field
Trial conducted by the Communicable Disease
Center (9).
The decline in antibodies 10 months follow¬

ing immunization in children without known
exposure to natural measles is as expected (10).
Interestingly, in six children with persistently
high titers 10 months after receiving vaccine, a

history of either clinical measles or close ex¬

posure was always obtained, indicating the pos¬
sibility of an infection with the natural virus.
Information on illness or exposure was not
available on a seventh child with a persistently
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high titer. On the other hand, a similar his-
tory of close exposure or clinical measles could
not be obtained in children with low or unde-
tectable titers. The only known exposures in
the latter group were at the playground in two
instances, but never at home. It appears, there-
fore, that persisting antibody titers 10 months
following inactivated measles vaccine could re-
flect a clinical or subelinical infection with the
natural virus rather than a prolonged vaccine
effect. If this is true, permanent immunity
would not be expected from the vaccine alone.
Because antibody determinations were obtained
for only a small number of children, the re-
sults are indicative and not proof of these
conclusions.

Summary

A placebo-controlled study of inactivated
measles vaccine was conducted among suscepti-
ble kindergarten children. A community out-
break of measles between 2 and 6 months follow-
ing immunization showed the vaccine to be 82
percent effective in preventing any evidence
of measles and 93 percent effective in preventing
regular measles. No conclusions can be drawn
regarding effectiveness of the vaccine for longer
periods of time.

Epidemiologic investigation and a limited
number of antibody determinations suggest that
persistent antibody titers 10 months following
irnmunization are related to clinical or sub-
clinical infections with natural measles virus
rather than a prolonged effect of the inacti-
vated vaccine. If this is true, permanent im-
munity would not be expected from inactivated
vaccine alone.
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