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Response of Adults in Iceland to Live Attenuated
Measles Vaccine*

MARGRI2T GUDNADOTTIR, cand. med.' & F. L. BLACK, Ph.D.2

Measles has had particularly serious effects when epidemics have occurred in isolated
susceptible adult populations and hence the newly developed measles vaccines may be
of special importance to these groups. This paper reports on one of the first sizeable trials
of live-virus vaccine (Enders Edmonston B strain) in a group of measles-susceptible
adults. Over 700 persons, mostly adults, were vaccinated in Iceland in 1962. Detailed
records of the reactions in the vaccinated and control groups were obtained and serological
tests were made on paired serum specimens. The reactions in all age-groups were basically
similar and showed only minor differences in severity. The incubation period was found to
increase progressively with age. As well as confirming the general safety of the Enders live
measles virus vaccine in adults, this study provides new information on the nature of the
reactions induced by measles vaccine and on the comparative immunological response of
various age-groups.

The consequences of measles epidemics in com-
munities that contain a large proportion of sus-
ceptible adults have often been disastrous. In recent
times it has usually been possible to hold down the
mortality rate in such outbreaks by supplying sup-
portive medical care and by controlling secondary
infections with antibiotics. Nevertheless, measles
death-rates in susceptible adult populations remain
relatively high (Fog-Poulsen, 1957; Peart & Nagler,
1954), and the significance of vaccination of these
persons is correspondingly increased.
The present study was set up to test the safety and

effectiveness of live attenuated measles virus vaccine
in susceptible adults living in relative epidemiological
isolation. Materials used were from stocks set aside
for use by the World Health Organization in field
trials in various parts of the globe. Record forms
designed byWHO were used in the first phases of the
trial and a form in Icelandic with certain additional
questions was used in the later phases. The plan of
the trial was modified from the original WHO plan
in that only one level of gamma-globulin dosage was
used and control groups were not given killed
vaccine.
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'Associate Professor of Epidemiology, Yale University
School of Medicine, New Haven, Conn., USA.

A preliminary report on reactions in the first phase
has been published (Black & Gudnadottir, 1963).
The present paper includes data on additional
population groups, a more detailed analysis of
clinical reactions and information on serological
responses.

LOCALE AND PLAN OF TRIALS

Iceland offered certain unusual qualifications for
this study: several thousand measles-susceptible
adults in Iceland lived in relatively accessible com-
munities; a high level of education facilitated com-
munication and record-keeping; and excellent
national health records provided ready identification
of suitable areas for field trials.

Measles has occurred in Iceland in most years of
this century (Fig. 1) but has usually been concentra-
ted in Reykjavik, the main city. Much of the rural
population has maintained a policy of voluntary
quarantine when faced with an epidemic-a policy
that has been unusually effective because of the
isolation and self-sufficiency of the Icelandic farms.
National health records show that persons infected
by measles include all age-groups. A plot (Fig. 2) of
the total reported measles experience, expressed as
the percentage of persons in each age-group who
have reported having had measles, gives a line
roughly parallel to the age-specific antibody pre-
valence curve determined by serological survey
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FIG. 1

ANNUAL REPORTED INCIDENCE OF MEASLES IN ICELAND
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FIG. 2

RELATIONSHIP BETWEEN AGE-SPECIFIC MEASLES NEUTRALIZING ANTIBODY PREVALENCE AND
CALCULATED PERCENTAGE OF EACH AGE-GROUP REPORTED TO HAVE HAD MEASLES
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RESPONSE OF ADULTS IN ICELAND TO LIVE ATTENUATED MEASLES VACCINE

(Black, 1962). The reported measles experience
accounts for 60% of persons in the upper age-
groups whereas the serological figures indicated that
75% were immune. This represents an unusually
close correlation between reported cases and serology
and confirms the efficiency of the reporting system.
During the past 20 years the average measles mor-

tality rate has been 1.5 per 1000 cases.

The current trial was carried out in three phases.
The first phase, in June 1962, included 95 subjects
living in institutions in Reykjavik- and in the western
farming district of Borgarfjardarsysla (Fig. 3). The
second phase in August and September included
242 subjects living in the north coast fishing town of
Hu'savik and the neighbouring sheep-farming dis-
tricts. In both these trials the people were divided
into three groups. The first received 0.25 ml of
vaccine (2000 TCID50) subcutaneously; the second
received the same dose of vaccine plus gamma-
globulin (0.02 ml per kg of body-weight, adminis-
tered in a different site); the third, control, group
was unvaccinated. (Most control subjects were

given vaccine plus gamma-globulin after two or

more weeks of observation and thus the total num-
ber in the second group was increased.) The second
phase also included a non-random group given
vaccine with gamma-globulin because of pre-existing
medical conditions. The subjects included in the
first two phases were visited and examined by a

physician at least every two days during the period
of reaction.

FIG. 3
DISTRICTS OF ICELAND WHERE MEASLES VACCINATION

WAS CARRIED OUT

___AREAS OF OTHER POPULATED

PHAE TRIALS PHASE TRIALS AREAS

TABLE I

SUMMARY OF NUMBERS OF SUBJECTS STUDIED

Vaccine Vaccine+
onl gamma- IControl

|only |Bglobulin

Total number 164 596 69

Number pre-immune 10 41 3

Susceptibles with daily
records 152 436 66

Susceptibles from whom
post-vaccination serum
samples were drawn 148 429 9

The third phase of the trial was carried out during
the winter. In it approximately 400 persons in
several rural communities were given vaccine with
gamma-globulin by district physicians. Daily
records were kept by the patients themselves. Com-
parison of the reported incidence of various signs
and symptoms between groups keeping their own
records and groups examined regularly by a physician
revealed no important difference except with regard
to conjunctivitis.

Tables 1 and 2 give the total numbers of persons
in each experimental group and age-bracket. Sub-

TABLE 2
AGE DISTRIBUTION OF SUBJECTS

No. of susceptibles
vaccinated

Age-group Control and
(years) Vaccine Vaccine + pre-immune

Vaccnly gamma-
only globulin

'/2-4 1 33 6

5-9 10 39 10

10-14 26 53 14

15-19 53 68 24

20-29 21 99 21

30-39 20 80 12

40-49 7 59 12

50-59 9 52 8

60-69 6 44 5

70-79 1 23 5

80 and over 0 3 0

Age unknown 0 2 3
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jects were selected for a negative measles history but
nevertheless a few were found to have pre-existing
antibodies. It has regularly been found that such
persons experience no specific reaction to live vac-
cine and hence they provide a double-blind control.
In Table 2 and in subsequent considerations these
individuals have been transferred from the vaccine
groups to the control.

MATERIAL AND METHODS

Live vaccine of Enders Edmonston B strain was
supplied by Dr Hilleman of the Merck Institute for
Therapeutic Research, West Point, Pa., USA, from
lots 25 and 27 of that organization's product. It was
packaged in four-dose vials. Gamma-globulin was
from three lots, each of which had a titre of 400 in
tests carried out at the Merck Institute.
Temperatures were determined rectally morning

and evening and more frequently if they were
significantly elevated. Aspirin was supplied to any
person with a temperature over 39°C.

Haemagglutination-inhibition (HI) tests were
carried out using live-virus haemagglutinin grown
in Hep-2 cultures and red cells from Cercopithecus
mitis monkeys. Sera were pre-extracted according
to the procedure of Rosen (1961). A single lot of
antigen was used for all tests.

Neutralization tests were carried out by the plaque
reduction method in primary cultures of Cercopi-
thecus aethiops kidney. About 200 plaque-forming
units of virus were mixed with serial serum dilutions
and held for one hour before inoculating cultures.
One hour at 37°C was allowed for adsorption of virus
and cultures were then overlayed with nutrient agar
containing neutral red. Plaques were counted at
two weeks, and an 80% plaque reduction was used
as the end-point.

RESULTS

Febrile response
The average maximal post-vaccine temperature re-

corded in adults was slightly lower than that in
children. Data on the distribution of maximal
temperatures are presented graphically in Fig. 4.
There was a small shift towards lower temperature
maxima in the adult age-groups both with and
without gamma-globulin. Administration ofgamma-
globulin led to a major reduction in the frequency of
high fever but did not eliminate the possibility of it.
Few high temperatures were observed in the controls
and those mostly in children.

FIG. 4

FREQUENCY DISTRIBUTION OF MAXIMUM
TEMPERATURES IN CHILDREN, YOUNG ADULTS AND
OLDER ADULTS IN THE THREE EXPERIMENTAL GROUPS
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The average duration of fevers over 38°C are
plotted in Fig. 5. Subjects exhibiting fevers under
38°C have not been included in compiling this graph,
and it does not, therefore, represent the full effect of
gamma-globulin. Nevertheless, it may be seen that
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FIG. 5
AVERAGE TIME OF ONSET AND DURATION OF
TEMPERATURE OF 38°C OR MORE, BY AGE
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gamma-globulin lengthened the incut
without a corresponding change in
termination of fever. In both groups tI
period was dependent on the age of
It increased progressively in the grc

gamma-globulin from 6.5 days in youn
10.4 days in older adults, and there N
shift in persons receiving vaccine alo
most part, the fevers were well tolerate
little incapacitation, but certain oldei
received no gamma-globulin had exte:
of fever, and some of these persons co

continuing weakness for a few days a]
normal temperatures.

Rash
In both vaccine groups the frequenc,

similar in children and younger adults
adults over 60 (Table 3). The trend toN
frequency of rash in older persons w

when considered by decades within th.

A

span. The high over-all frequency of rash (59 % in
those without and 25 %in those withgamma-globulin)
may be attributable to the relative ease with which
rash could be recognized in the Icelandic people, who
have universally fair complexions.

Other signs and symptoms

Cough and coryza were not prominent signs of
reaction but occurred more frequently in those
receiving vaccine alone than in the controls. Cough

LY also occurred more often in the gamma-globulin-
treated vaccinees than in the controls. Sore throat
was the commonest respiratory tract symptom,
being reported with peak frequency in young adults.
Gamma-globulin reduced its incidence but not to
the level seen in the controls. Exudative pharyngitis
was seen occasionally in vaccinees but was not
encountered in the controls (Black & Gudnadottir,
1963).

Pain on moving the eyes was the symptom most
frequently reported. Questioning the vaccinees did
not make clear whether this was referable to mild

LUS conjunctivitis or to involvement of eye muscles.
DBULIN Conjunctivitis was reported by 20%-30Y% of vac-

cinees filling out their own records but could not
regularly be confirmed by gross examination. While
it would seem probable that some irritation occurred,

so 70 inflammation was minimal. The symptom of pain
WHO 4822 in the eyes frequently coincided with myalgia and it

is possible that the eye complaints represented a
special instance of myalgia.

ation period Myalgia was also a very common symptom,
the timea of especially in the older adults. It usually occurred
he incubation during the febrile period.
the vaccinee. Headaches were noted but rather infrequently.
up receiving Gastrointestinal disturbances were relatively un-
ig children to common.
vas a similar

ine. For the Reactions in persons with pre-existingd and caused medical conditionsr adults who
nded periods A number of persons with complicating medical
omplained of conditions were included in the test groups (Table 4).
'ter return to All this group except one patient with asthma and

one with chronic bronchitis received gamma-
globulin with the vaccine. The numbers are insuffi-
cient to allow of comparisons of the severity of

y of rash was reaction for each condition, but no reaction in this
but lower in group was outside the range seen in healthy vaccinees.
vards a lesser The duration of fever was slightly greater than
as consistent normal in conditions other than pregnancy. All six
ie 40-70 age- pregnant women delivered healthy babies at term.
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TABLE 3
SIGNS AND SYMPTOMS OF REACTION TO LIVE MEASLES VACCINATION a

Signs and symptoms
Group Age (years) ~~~~~Sore Pain Head- Diar-Rash Cough Coryza throat in eyes Myalgia ache rhoea Nausea

Under 15 67 32 36 52 70 48 6 11 8

15-29 53 17 32 56 74 59 15 6 0
Vaccine only

30-49 61 18 36 64 76 89 23 4 0

50 and over 44 25 25 38 62 88 6 6 6

Under 15 27 12 20 24 33 15 4 12 3

Vaccine + 15-29 19 7 18 40 50 33 11 10 2
gamma-
globulin 30-49 33 12 19 43 62 65 9 7 4

50 and over 15 11 8 27 37 54 15 8 1

Under 15 4 7 25 14 11 6 0 4 0

15-29 3 2 12 4 4 0 2 4 2
Control

30-49 0 0 26 17 12 6 0 0 0

|50and over 0 0 6 0 0 6 0 0 0

a Expressed as the percentage of persons in each group whose symptoms developed 5-14 days after vaccination.

Concomitant paralysis

Two persons developed paralysis after receiving
vaccine and gamma-globulin. Virus isolation
attempts from stool and cerebrospinal fluid (CSF)
specimens from both patients shortly after onset
were negative in tissue culture and in suckling mice.
There was no change in antibody titre against

polioviruses or Coxsackie A7 in paired serum

specimens. Measles antibody developed normally
but neither person showed any sign of vaccine
reaction at the usual time.
The first patient, a 44-year-old male, developed

diplopia, ptosis and oculomotor paralysis with
onset 22 days after vaccination. An arteriogram

TABLE 4
VACCINEES WITH PRE-EXISTING MEDICAL CONDITIONS

Ae Percentage Average
Number Condition AgD with fever duration Percentage(years)

over

fever of fever with rash
(days)

6 Pregnancy a 18-34 50 3.3 33

5 Cardiovascular illnesses 59-78

3 Pernicious anaemia 65, 67, 69

3 Asthma 34, 67, 69

2 Chronic bronchitis 40, 50 69 4.7 30

1 Post-poliomyelitis paralysis 73

1 Acute appendicitis 24

1 Epilepsy 11

a These six women were in the 2nd, 3rd, 4th, 5th, 6th and 7th months of pregnancy respectively.
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was suggestive of an aneurism, but surgery 36 days
after onset revealed no abnormality. The patient
completely recovered and afterwards considered
himself cured of an ailment he had had for a long
time.
The second patient, a 15-year-old female, had

urinary retention, paralysis and sensory loss in the
legs, abnormal reflexes and a stiff neck with onset
15 days after vaccination. The CSF cell count was

198 and CSF protein 54 mg/100 ml, of which
15.2 mg/100 ml were gamma-globulin. Urinary
retention persisted four weeks but recovery was

complete six months later. The patient's home was

on a remote farm and no similar illness was reported
near by. This illness may have represented a case of
multiple sclerosis, but myelitis due to the vaccine
could not be ruled out.

Serological responses

All but 10 post-vaccination blood specimens had
measurable HI antibody. Four of the negative
specimens were collected more than three months
after vaccination and these were all found to have
neutralizing titres of 1: 16 or more. One of the
10 specimens was collected on the 13th post-vaccinal
day and may have become positive later. No neu-

tralizing antibody was detected in this specimen.
Another person who gave a negative HI reaction had
low-litre (1: 4 to 1: 16) neutralizing antibodies in
both prevaccination and post-vaccination specimens.
This person gave a history of exposure to measles
with convalescent serum prophylaxis several years

previously and may have had an inapparent infec-
tion at that time (Black & Yannet, 1960). The
remaining four who failed to show a serological
response to the vaccine were all vaccinated at the
same place and date, probably with two successive

vials of vaccine. These vaccinations were carried
out in the winter when travel was restricted and
difficulty encountered in maintaining the vaccine
under proper conditions during distribution. Two
of these persons and another vaccinated at the time,
but from whom no post-vaccine specimen was

obtained, developed typical unmodified measles
infections two months later.
The time when second blood specimens were

collected varied from 10 to 290 days after vaccina-
tion. As indicated above, low HI titres were found
in the very early and very late specimens. An
indication of the course of antibody development and
decline during a nine-month period was obtained
by plotting titre against interval since vaccina-
tion (Fig. 6). Only persons who received gamma-
globulin with the vaccine are included in the figure.
The rate and extent of decline was slightly greater
than that observed with the neutralization or com-

plement-fixation test after vaccine alone (Katz,
Enders & Holloway, 1962), but there was indication
of stability after six months as with the other anti-
bodies.
Maximal titres were attained during the third and

fourth week and these have been analysed with
respect to age and to use of gamma-globulin
(Table 5). The mean titre in persons receiving
gamma-globulin was 40% below the mean for
vaccine alone. This difference was highly significant
(P<0.001). Older adults developed mean titres
that are higher than the means for young adults
(P=0.01) or children. The average titre in children
was intermediate between the adult groups. A
parallel may be noted between these differences in
antibody titre and differences noted previously in
severity of febrile response. This parallel could also
be observed within an age-group. In Table 6 it will

BLE 5

GEOMETRIC MEAN TITRES OF SERA COLLECTED 21-35 DAYS AFTER VACCINATION

Vaccine only Vaccine + gamma-globulin

Age (years) No. Mean Hi titre Age (years) [ No. Mean Hi titre

Under 15 24 492 Under 15 33 299

15-39 52 457 492 15-39 75 234
)290

40 and over 20 575 40-59 46 407

60 and over 27 471
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FIG. 6
INDIVIDUAL ANTIBODY TITRES OF SERA COLLECTED AFTER ADMINISTRATION OF VACCINE
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a The line through the points represents an approximation of the trend of the average with time.

be seen that HI titre in young adults correlated with
both duration and maximal height of the febrile
reaction.

DISCUSSION

The present study confirms the general safety of
the Enders live measles vaccine in adults. The
two cases of paralysis were different from each other
and represent two isolated incidents which cannot
be evaluated by comparison with the controls. The
possibility that either or both were related to the
vaccine cannot be eliminated, but both cases fol-
lowed mild vaccine reactions with normal antibody
response. Neither case resembled known measles
virus complications and in both cases there was
information suggesting other etiologies.
The experience with vaccination during pregnancy

is insufficient to establish the safety of the vaccine
in this situation but provides a modicum of expe-
rience to support a decision to administer vaccine

TABLE 6
RELATIONSHIP BETWEEN Hi TITRE AND

FEBRILE REACTION IN PERSONS 15-39 YEARS OF AGE
TESTED IN THE THIRD OR FOURTH WEEK AFTER
RECEIVING VACCINE WITH GAMMA-GLOBULIN

HI ~~~~~Mean peak Maduatoatitre Number temperature Mean duration

<80 14 37.7 1.57

160 21 38.0 1.43

320 20 38.1 2.20

.640 16 38.4 3.02

a Duration in days of fever of 37.50C or more.

when gamma-globulin is unavailable. The risk of
abortion in natural measles (Christensen et al., 1952)
creates a situation in which the consequences of
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failure to provide protection in pregnancy may be
serious and the hypothetical risks of vaccination
may be preferable.
The reactions noted in the first stages of the

present study among persons over 60 who received
no gamma-globulin were sufficiently severe that
gamma-globulin was given to all older persons in
the later phases. Hence, there are insufficient data
to establish the safety of vaccine alone in older
adults. Young adults usually tolerated the vaccine
without gamma-globulin very well.
The symptoms of vaccine reactions may throw

some light on the nature of the infection. Upper
respiratory tract manifestations were usually mild
but sufficiently common to suggest that infection at
this site was common. Pain in the eyes suggesting
ocular involvement was frequently encountered.
There was no evidence that the gastrointestinal
tract was significantly affected, and, with the two
possible exceptions noted, there were no symptoms
referable to the nervous system.
The differences between age-groups in antibody

titre seem not to be indicative of any inherent
difference in capacity to form antibodies but rather
a reflection of difference in immunological stimulus.
A correlation has previously been observed between
antibody titre and severity of reaction in gamma-
globulin-modified vaccine measles (Krugman et al.,
1962) and in modified natural measles (Black &
Yannet, 1960). This parallel has now been found
to hold within similarly treated vaccine groups
(Table 6) and it accounts for a portion of the
variation in antibody titre between individuals. It
would seem possible that the severity of reaction is
in some degree proportional to the amount of
virus multiplication and the amount of antigen
produced.
No systematic survey was made of the effectiveness

of the vaccine in protecting vaccinees from natural
measles. Major epidemics occurred in many parts
of Iceland during 1962 and 1963. The only cases in
vaccinees that have come to our attention have
been in the only group that failed to demonstrate
any serological response to vaccine.
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Rl2SUMI2

La vaccination contre la rougeole, actuellement A
l'etude dans divers pays, est d'une importance particu-
liere lorsqu'il s'agit de proteger des collectivites isolees
d'adultes receptifs, chez lesquels la maladie peut avoir
de graves consequences.

Les auteurs rendent compte des resultats de la vacci-
nation contre la rougeole de plus de 700 personnes, en
Islande. La maladie a sevi dans ce pays presque tous les
ans, surtout dans la capitale. La population rurale a
exerc6 une quarantaine deliberee, qui a eu d'heureux
resultats, grace A l'isolement des fermes et au fait qu'elles
se suffisent A elles-memes.

L'essai de vaccination fut effectue en trois etapes: la
premi6re en juin 1962, porta sur 95 personnes, a Reykjavik
et dans le district rural occidental de Borgarfjardarsysla;
la deuxieme, en aout-septembre, toucha 242 personnes,
sur la c6te nord, A Husavik et zones avoisinantes. Dans

ces deux phases, on a forme trois groupes, recevant
respectivement: a) du vaccin attenue Enders; b) du vaccin
+gammaglobuline; c) rien (temoin). Lors de la troisieme
etape, durant l'hiver, environ 400 personnes de diverses
collectivites rurales, regurent du vaccin et de la gamma-
globuline. Les vaccines noterent eux-memes leurs reac-
tions, qui coinciderent de fagon tres satisfaisante avec
celles qu'observerent les medecins, sauf en ce qui concerne
les conjonctivites.

Les resultats ont confirme l'innocuite du vaccin Enders
pour les adultes. Deux cas de paralysie, differents l'un
de l'autre, survenus parmi les vaccines, ne peuvent a
coup suir etre imputes au vaccin, et semblent plutot
relever d'autres etiologies. Les reactions observees au
cours des deux premieres etapes chez les personnes de
plus de 60 ans ayant reru du vaccin seul ont ete assez
serieuses - rappelant celles qui se produisent chez les
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enfants - pour que, dans la troisieme etape, on ait
juge necessaire d'ajouter de la gammaglobuline au vaccin
administre a ce groupe d'age.

Les reactions cons6cutives it la vaccination donnent
une idee de la nature de la maladie. L'atteinte des voies
respiratoires superieures a ete couramment observee et
les douleurs oculaires ont ete fr6quentes. Le tractus
gastro-intestinal ne parait pas etre affecte, pas plus que
le systeme nerveux, si l'on excepte les deux cas douteux
mentionnes.
Chez 99% des vaccines, se developperent des anticorps

contre la rougeole. On a etabli, au cours de neuf mois

d'observation, la courbe ascendante puis descendante
des anticorps inhibiteurs de l'hemagglutination. Le titre
en anticorps parait etre en relation avec l'intensit6 de la
reaction et le temps qui s'est ecoule depuis la vaccination.
11 ne semble pas d6pendre de l'age mais plut6t de l'impor-
tance du stimulus antigenique.
Aucune enquete n'a et6 effectu6e sur la protection

conferee par le vaccin contre l'infection naturelle.
Plusieurs epidemies sont survenues en Islande en 1962
et 1963. Les cas dont les auteurs ont eu connaissance
se sont produits au sein du groupe qui n'a pas reagi
au vaccin par la production d'anticorps.
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