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Measles epidemics involving adults living in
isolated areas continue to be accompanied by high
mortality rates.a Vaccines have been successfully
tested in several such areas.1-9 All these trials,
except that of Furesz & Habgood,g used vaccine
prepared from the Edmonston B strain either with
or without gamma-globulin. The one study that
included older adults e reported a few reactions of
undesirable severity when the gamma-globulin was
omitted.

Further-attenuated strains of vaccine offer the
possibility of reduced reactogenicity without the
need for gamma-globulin. In isolated areas it may
be desirable to administer vaccine to adults even if
medical aid will not be available during the period
of reaction. We have conducted trials of the further-
attenuated vaccine under controlled conditions in
adults and measured the reaction to it, so as to assess
any possible hazard. This paper reports such a trial
in which 179 susceptible persons, 13 to 64 years of
age, were given further-attenuated vaccine.

Background and structure of the trials
Commercial Schwartz further-attenuated live

vaccine (Lirugen) was used according to the pro-
cedure advocated by the manufacturer (Pitman
Moore Co., Indianapolis, Ind., USA). Vaccinations
were carried out in the rural districts of South
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Thingeyrarsysla in the north of Iceland and in
North and South Mulasysla near the east coast
during the fall of 1965. A few vaccinations were also
done in the spring of 1966.

Daily records of the reactions were kept on a
prepared form by the vaccinees themselves. In the
eastern districts these records were checked during
a home visit by a physician in the period of reaction.
As in the 1962 trials,e it was found that the patients'
own records were essentially as complete in perti-
nent aspects as they could be made by a medical
visit. Temperatures were taken rectally and recorded
morning and evening from the sixth to the fifteenth
post-vaccination day.

In the eastern area, killed poliomyelitis vaccine
was alternated with the measles vaccine and the
second vaccine given after a 3-week interval. The
recipients were not told the order in which they
received the two vaccines, and the reaction recorded
after the poliomyelitis vaccine then provided a blind
control for the measles. To these controls have been
added the data from five individuals who were later
found to have had pre-vaccination measles antibody.
The number and age distribution of the vaccinees
and controls from whom serum specimens and
complete data on reactions were available are given
in Table 1. Measles vaccine was given to 23 other
persons but data on their reactions were incomplete.
They have not been included in any of the tabula-
tions, but it is probable that if any of their reactions
had been severe they would have been brought to
our attention.

Reference is made below to studies using vaccine
of the Edmonston B strain; these have been described
previously. b,e,h

Results
Febrile reactions. Most persons given this vaccine

exhibited no fever over 37.5°C. Febrile reactions
h Gudnad6ttir, M. & Black, F. L. (1964) Arch. ges. Virus-

'rorsch., 16, 521-523.
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DISTRIBUTION
TABLE 1

OF VACCINEES
BY AGE

AND CONTROLS

Age-group (years) Suasccinlee Control subjects

10-14 2 0

15-19 37 18

20-29 20 14

30-39 36 19

40-49 43 18

50-59 15 0

>60 3 0

Total 156 69

of 390C or more were encountered in 8% of the
vaccinees and in one instance a fever of 40.30C was
recorded. This, the highest fever, occurred in a
57-year-old man after he went outside to make
emergency home repairs in a winter storm at a
time when he already had a temperature over 39°C.

FIG. 1
PROPORTION OF PERSONS IN VARIOUS MEASLES-
VACCINE TREATMENT GROUPS EXHIBITING RECTAL
TEMPERATURES EQUAL TO OR GREATER THAN
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TABLE 2
SYMPTOMS REPORTED 6-15 DAYS AFTER VACCINATION

Symptoms (%)
Vaccine used and year of trial Rash Head- n sjPain MaIa

Further-attenuated vaccine, 1965 8 13 29 19 28

1965 Controls 1 1 1 3 4

Gamma-globulin-modIfled Edmonston B, 1962 26 40 10 55 54

Unmodifled Edmonston B, 1962 56 58 18 74 80

1962 Controls 1 11 1 8 4

High fevers of this kind were observed much more
frequently in the previous study with Edmonston B
vaccine, even when it was modified with gamma-
globulin (Fig. 1).

Other signs and symptoms of reaction. The distri-
bution of various complaints, with onset, recorded
during the usual period of reaction to measles
vaccine (6 to 15 days) is presented in Table 2. Again,
comparative data from the 1962 study," adjusted

to give the same weight to the different age-groups
as in the present study, have been included.
Headache was listed as a separate item on the

1965 forms but not on the 1962 ones. This probably
accounts for the increased frequency with which it
was reported in the present series. Apart from
headache, all other symptoms were recorded less
frequently after further-attenuated vaccine than after
the Edmonston B material was administered.
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TABLE 3
REACTION TO FURTHER-ATTENUATED VACCINE BY AGE-GROUP

Fever over 37.4°C Other symptoms (%)
-Feverover-

Age- Mean Mean max. Mean 38.90C Srgroup % duration fever (OC) day of | () Rash hSoreo Headache Eye pain Myalgia
(years) _ (days) onset _ _ _[hot _ _ __

13-19 36 3.2 38.6 8.7 10 5 23 26 10 10

20-29 10 1.5 38.0 10.0 0 0 5 10 10 15

30-39 44 2.0 38.3 10.3 8 6 8 28 17 33

40-49 39 2.3 38.3 10.1 5 14 12 35 30 35

50-64 50 3.2 38.7 10.9 17 11 17 44 28 61

Effect of age on nature of the reaction. The distri-
bution of various symptoms of reaction and aver-
age antibody titres for the different age-groups
tested is presented in Table 3. The stronger reactions
were not confined to any particular age-group, but
as found before with Edmonston B vaccine, young
adults reported less reaction than adolescents or
older adults. The frequency of high fever was not so
great in any age-group as to suggest an age of special
hazard that would require special precautions.
The incubation period prior to onset of fever was

about 1 day longer than observed with gamma-
globulin-modified Edmonston B, which in turn was
longer than with unmodified Edmonston B. The
trend toward longer incubation periods with
increasing age observed before was confirmed in the
present series.

Antibody response. Post-vaccination sera were
collected at various times but mostly at 5 or 10 weeks
after vaccination. A significant antibody response
was found in all vaccinees.
The schedule of serum collection in this study was

different from that used in the work with Edmons-
ton B, making direct comparison of titres difficult.
Individual titres after further-attenuated vaccine
and curves for geometric mean titre after further-
attenuated and Edmonston B are given in Fig. 2.
A group of 25 of the 1962 sera was retested with the
current series to ensure reproducibility of the data.
The geometric mean titres of these sera in the two
tests differed by only 0.2 of a twofold dilution step.
The age distribution of the subjects in the two studies
was also compared and the differences were not
found to be responsible for any significant difference
in titre. The curves in Fig. 2 suggest then that the
peak titres after further-attenuated vaccine were

twofold to fourfold lower than those found after
gama-globulin-modified Edmonston B, but that
3 to 4 months after vaccination the difference in titre
between the two groups was less than twofold.

Discussion
Reactions in adults to further-attenuated vaccine

were, for the most part, not troublesome, although
in some instances they resulted in restriction of
activity for a few days. The enhanced reactogenicity
in older adults did not seem to be enough to call for
special precautions in vaccination of these persons.
The question of prime interest is whether the

further-attenuated vaccine is equal or preferable to
the Edmonston B strain for vaccination of suscepti-
ble adult populations. Two factors need to be con-
sidered in making a choice-namely, effectiveness
and reactogenicity. The fact that titres observed after
further-attenuated vaccine were lower than after
Edmonston B does not necessarily mean that the
former is less effective, because even very low anti-
body titres are often associated with immunity. A
final answer on relative effectiveness cannot be
obtained until the immunity either wanes or lasts a
lifetime, but there is no indication that the immunity
after further-attenuated vaccine is qualitatively
different from that provided by Edmonston B.
Comparison ofreactogenicity between tests carried

out at different times, as this one and the earlier
trial of Edmonston B, must be treated with reserve.
An ostensibly uniform vaccine may give different
effects at different times,' possibly due to synergism
with varying intercurrent infectious agents. The
present trial was designed to be as comparable to the

i Nagler, F. P., Foley, A. R., Furesz, J. & Martineau, G.
(1965) Bull. Wld Hlth Org., 32, 791-801.
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FIG. 2
MEASLES HI ANTIBODY TITRES AFTER FURTHER-ATTENUATED VACCINE AND AFTER

GAMMA-GLOBULIN-MODIFIED EDMONSTON B VACCINE a
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a The points represent individual values after further-attenuated vaccine, and the solid line the
geometric mean of these values. The broken line represents geometric mean titres found after
Edmonston B vaccine in an earlier study.

1962 trials as possible. Multiple geographical areas
have been included in each trial to minimize local
differences. The areas covered in the two trials are
adjacent to each other. The trials were carried out at
approximately the same time of year and the same
techniques were used for collecting data and testing
sera. Control groups in both trials showed minimum
evidence of intercurrent infection. The data pre-
sented in the tables are based on similar age distribu-
tion of vaccinees. Thus, although it cannot be con-
sidered proven that the further-attenuated vaccine is
less reactogenic in adults, the data available at
present lend strong support to this thesis.
A difference in reactogenicity between further-

attenuated and modified Edmonston B has also been

noted in young children by Nagler et al.' but not
observed in studies with young children conducted by
Syrucek et al.J or Krugmar et al.U

* *
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