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Comparative Studies of Measles Vaccines
in a Controlled Trial in the USSR *
V. M. BOLOTOVSKIJ,' L. A. NEFEDOVA, B. G. GELIKMAN,
A. T. ZARGARYANTS, L. P. ZETILOVA & K. T. NASTASINA

This paper describes the results ofa study of measles vaccines carried out in the USSR
on 866 children aged 12-54 months as part of a WHO-sponsored collaborative programme
of investigation on live and killed measles vaccines. The live vaccines studied were Becken-
ham 20, Enders Edmonston B, Milovanovic', Schwarz and Smorodincev. Of these, Becken-
ham 20 caused the most reaction (as assessed by pyrexia and rash) and Milovanovic! the
least. Antibody responses were highest for Beckenham 20 and Schwarz vaccines and for
Enders Edmonston vaccine plus gamma-globulin. A study was also made ofthe effect ofone
inoculation of Pfizer (killed) vaccine followed by one of Enders Edmonston B or Smoro-
dincev live vaccine; veryfew reactions were observed in children vaccinated in this way and
the antibody response was good.

The WHO Scientific Group on Measles Vaccine
Studies (1963) recommended further investigation
of measles vaccines and this paper contains the
results of comparative studies of different vaccines
carried out in the USSR in 1964 in accordance with
the WHO collaborative research programme on
this subject.

MATERIALS AND METHODS

Vaccines
The vaccines used were the live vaccines prepared

from the Milovanovid, Enders Edmonston B,
Schwarz, Smorodincev and Beckenham 20 strains
and also the Pfizer formol-inactivated vaccine.
The origin and history of the vaccines (except the
Smorodincev vaccine) has already been described
(WHO Scientific Group on Measles Vaccine Studies,
1963). The Smorodincev vaccine was prepared from
strain L4. It was isolated in human renal-cell tissue
culture and subsequently underwent 26 passages in
human renal-cell tissue cultures and 35 in primary
human amnion-cell cultures. It was then adapted to
chick-embryo cell cultures. The vaccine was pre-
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pared from material obtained after 9-15 passages in
diploid guinea-pig renal-cell tissue cultures. Gamma-
globulin (0.022 ml per kg body-weight) was admi-
nistered at the same time as the Enders Edmonston B
and Smorodincev vaccines. The control (placebo)
groups were inoculated with sterile tissue-culture
fluid. In the combined trial of killed and live
vaccines, the Enders Edmonston B and Smoro-
dincev vaccines were given after one injection of
Pfizer inactivated vaccine.

Selection of children and vaccination procedure
For the investigation, 866 children between 1 and

41/2 years of age living in children's homes and with
no history of measles were selected. They were
allocated to the different vaccine groups at random
and the vaccines were identified only by code
numbers. All the vaccines were used in each of the
homes included in the trials.
Each child was given one injection containing the

recommended dose of live measles vaccine or
placebo. In the study of killed-plus-live vaccines,
injection of killed vaccine was followed 28-30 days
later by an injection of live vaccine.

Clinical observations after vaccination
All the children were observed daily by clinicians

after the injection of vaccine. Their temperature was
measured twice a day for 28 days.
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TABLE t
SEX AND AGE DISTRIBUTION OF CHILDREN VACCINATED WITH

LIVE MEASLES VACCINES

No. of Sex Age (months)
Vaccine children

vaccinated Male Female 12-23 24-35 |36_54

Milovanovi6 105 59 46 28 23 54

Beckenham 20 113 54 59 35 28 50

Smorodincev
(plus gamma-globulin) 100 56 44 19 26 55

Enders Edmonston B
(plus gamma-globulin) 114 64 50 21 39 54

Schwarz 113 61 52 29 37 47

Placebo 72 32 40 14 20 38

Total 617 1326 291 1146 173 [298

Blood samples

Blood samples were obtained from nearly all the
children before vaccination and 28-30 days after
vaccination. Antibody levels were determined by
the haemagglutination-inhibition (HI) test. Children
with antibody in the prevaccination specimen were

excluded from the analysis of results.

Similarity ofgroups in the live-vaccine trials

Six hundred and seventeen children were inves-
tigated in the live-vaccine trials. Their general
characteristics and distribution by vaccine groups

are shown in Table 1. The number of children in
each group varied somewhat because of the different
number of doses of vaccine in the ampoules. The
Smorodincev vaccine was in 20-dose ampoules, the
Enders Edmonston B vaccine in 8-dose ampoules,
the Milovanovic vaccine in 4-dose ampoules, and
so on. In order not to waste the opened ampoules,
the vaccinators continued to vaccinate children until
each multidose ampoule was empty. In Table 2 it is
shown that the incidence of infectious diseases other
than measles was similar in each of the groups
(histories were available for 66 %-81 % of the
children).

TABLE 2
HISTORY OF INFECTIOUS DISEASES IN SERONEGATIVE CHILDREN VACCINATED

WITH LIVE MEASLES VACCINE

No. Previous infectious disease Totalofsero-Toa
Vaccine negative with history

vPchildren Mumps Chickenpox Scarlet Viral Whooping Dysentery Rubella of diseasevaciated fever hepatitis cough

Milovanovid 83 3 12 2 1 1 2 3 24

Beckenham 20 90 3 15 1 5 0 0 1 25

Smorodincev
(plus gamma-globulin) 79 5 13 3 0 3 3 3 30

Enders Edmonston B
(plus gamma-globulin) 75 3 18 0 1 1 1 2 26

Schwarz 83 4 15 2 2 1 2 1 27

Placebo 59 2 13 2 0 1 1 1 20
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RESULTS

Reactions to live measles vaccines

The degree of reaction to the vaccines was meas-
ured mainly by assessing pyrexia and rash, but other
signs were also recorded. The information obtained
is given in Table 3.
Of the vaccines used without gamma-globulin,

Beckenham 20 vaccine caused most reaction and the
Milovanovic vaccine least; the Schwarz vaccine
gave intermediate results. As shown in Table 3,
moderate reactions 6-14 days after vaccination were
observed in 27% of the children vaccinated with
Beckenham 20 vaccine and severe reactions in
11 %. Among those vaccinated with the Schwarz
vaccine, moderate reactions were observed in 17%
and severe reactions in 2%; in the Milovanovid
vaccine group, moderate reactions were observed
in 12% and there were no severe reactions.
Rash in children given Beckenham 20 vaccine was

twice as common as in children given Schwarz
vaccine and four times as common as in those given
Milovanovic vaccine. The appearance of the rash
and its stages of development were similar to those
of natural measles efflorescence. Catarrhal symp-
toms were about twice as frequent in children given
Beckenham 20 vaccine as in the other groups. The
time of appearance of temperature reactions, rash
and catarrhal symptoms was, on average, the same
in all the groups.

Slight differences in reactions were found between
the groups given Enders Edmonston B and Smoro-
dincev vaccines plus gamma-globulin (Table 3).

In all vaccinated groups a brief leucopenia and
increased erythrocyte sedimentation rates were

observed, which seemed to be correlated with the
level of reaction to the vaccines.

Reactionsfrom killed-plus-live measles vaccines

Under investigation in this part of the trial were
199 children aged 1-4 years (113 males and 86 fema-
les), who were divided into three groups by random
selection. Their characteristics are given in Table 4.
The first group (70 children) was vaccinated with
Pfizer killed vaccine (1.0 ml) and 28 days afterwards
with Smorodincev vaccine (without gamma-glo-
bulin). The second group was vaccinated with
Pfizer vaccine and 28 days after with Enders Edmons-
ton B vaccine (without gamma-globulin). The third
group was injected with placebo. Pyrexia, usually
below 37.7°C (99.8°F), after the injection of killed
vaccine was observed in 14% of the children; local

reactions were observed in 16%. In the control
group, pyrexias were registered in 4.8% of children
after the first injection and 6.4% after the second.
There were no local reactions.
The percentage of children with pyrexia 6-14 days

after the injection of live vaccines was very small
-less than 5%-and was similar to that in the
control group. The percentage with rash and
catarrhal symptoms was also very low and was
similar in all three groups. Leucopenia and increased
sedimentation rates were not observed.

Immunological efficacy of different measles vaccines
The immunogenic potency of the vaccines was

measured by the haemagglutination-inhibition test.
As is shown in Table 5, Schwarz and Beckenham 20
vaccines gave similar results. Fourfold and greater
increases in titres were observed in 90.6% of the
children in each of these two groups. The immuno-
genic activity of the Milovanovic vaccine was low;
only 14.6% of the children vaccinated had fourfold
or greater increases of antibody titre.

After treatment with Enders Edmonston B vaccine
plus gamma-globulin, 87.5% of the children had
fourfold or greater increases of antibody titre.
After being given Smorodincev vaccine plus gamma-
globulin, 25.0% showed fourfold or great increases
of titre.
The titres observed after the injection of Smoro-

dincev or Enders Edmonston B vaccine in the com-
bined treatment after one injection of Pfizer killed
vaccine are shown in Table 6. Enders Edmonston B
vaccine gave an increase in antibody titre in 91.7%
of the children treated and Smorodincev vaccine in
90.3%. The percentage with fourfold or greater
increases was higher after injection of Enders
Edmonston B vaccine (46%) than after injection of
Smorodincev vaccine (36 %).

DISCUSSION AND CONCLUSIONS

Investigation of reactions to live measles vaccines
showed that, of the three vaccines used without
gamma-globulin (Schwarz, Beckenham 20 and
Milovanovic), the Schwarz vaccine was the most
satisfactory because of the small number of severe
reactions and the good antibody response. Compa-
rison of the Smorodincev and Enders Edmonston B
vaccines used with gamma-globulin showed that the
Smorodincev vaccine gave fewer moderate and
severe reactions but also provoked poor antibody
responses. The results with the Milovanovic vaccine
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TABLE 5
IMMUNOLOGICAL EFFICACY OF LIVE MEASLES VACCINES FROM HAEMAGGLUTINATION-INHIBITION TEST

Final dilution of sera (titre) Sera showing increase in titre
No. <1: 4 1:4 -1:32 1:64-1:256 a1: 512 Total Fourfold or greater increase

Vaccine osr
tested % %of total

No. % No. % No. % No. % No. % No. of total with increased
tested titre

Milovanovid 42 35 83.3 1 2.4 6 14.3 0 - 7 16.7 6 14.3 85.7

Beckenham 20 53 3 5.7 8 15.1 34 64.1 8 15.1 50 94.4 48 90.6 96.0

Smorodincev
(plus gamma-globulin) 28 17 60.7 6 21.4 4 14.3 1 3.6 11 *39.2 7 25.0 63.6

Enders Edmonston B
(plus gamma-globulin) 56 4 7.1 9 16.1 38 67.9 5 8.9 52 92.9 49 87.5 94.2

Schwarz 53 3 5.7 8 15.1 41 77.4 1 1.9 50 94.4 48 90.6 96.0

Placebo 34 34 100.0 0 - 0 - 0 - 0 - 0 - -

do not accord with those obtained in previous trials In spite of the difference in immunogenicity bet-
(e.g., Syrucek et al., 1965), perhaps because of loss ween Smorodincev and Enders Edmonston B vac-
of potency during transportation. cines when these were used with gamma-globulin,
The Smorodincev vaccine plus gamma-globulin both vaccines gave similar results when used after an

also gave poor immunogenic responses. This result injection of Pfizer killed vaccine. The final antibody
also conflicts with previous conclusions (WHO titres after vaccination with killed and live vaccines
Scientific Group on Measles Vaccines Studies, 1963) seem to depend partly on the sensitizing effect of the
and probably was due to the quality of the particular killed vaccine and partly on the immunogenicity of
batch used. the live vaccine.

TABLE 6
IMMUNOLOGICAL EFFICACY OF KILLED-PLUS-LIVE MEASLES VACCINES

FROM HAEMAGGLUTINATION-INHIBITION TEST

Final dilution of sera (titre) Sera showing increase in titre

Nof. <1: 4 1:4 -1:32 1: 64-1:256 >1: 512 Total Fourfold or greater increase
Vaccines ~tstera % % of total

V s tested No. % No. % No. % No. % No. % No. of total with Increased
tested titre

Pfizer 61 19 31.1 40 65.5 2 3.3 0 - 42 68.9 3 4.9 7.1

Pfizer + Smorodincev 31 3 9.7 22 70.9 4 12.9 2 6.5 28 90.3 11 35.5 39.3

Pfizer + Enders
Edmonston B 24 2 8.3 14 58.4 6 25.0 2 8.3 22 91.7 11 45.8 50.0

Placebo (Ist injection) 32 32 100 0 - 0 - 0 - 0 - 0 - -

Placebo (2nd injection) 30 30 100 0 - 0 - 0 - 0 - 0 -
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RESUMt

Dans le cadre d'un programme collectif de recherche
patronn6 par l'OMS et entrepris sur les recommandations
d'un Groupe scientifique OMS des etudes sur le vaccin
antirougeoleux, les auteurs decrivent les r6sultats d'une
etude faite en URSS sur 866 enfants ag6s de 12 a 54 mois,
ne pr6sentant pas d'antec6dents de rougeole.
Chaque enfant, reparti au hasard dans un groupe, a

requ une injection de la dose recommandee de vaccin
vivant ou de placebo; un groupe a recu une injection de
vaccin tu6 au formol, suivie 28-30 jours plus tard, d'une
injection de vaccin vivant. Les vaccins vivants ci-apres
ont et6 utilises: Milovanovic, Enders de souche Edmon-
ston B, Schwarz, Smorodincev et Beckenham 20. Tous
les enfants ont subi un examen clinique quotidien apres
l'injection et leur temperature a 6t6 prise deux fois par
jour pendant 28 jours. Les taux d'anticorps ont et6
mesures par la r6action d'inhibition de l'h6magglutina-
tion sur du sang pr6lev6 avant et 28-30 jours apres la
vaccination. Les enfants possedant des anticorps avant
la vaccination ont ete 6limin6s de l'analyse des resultats.

Les r6actions postvaccinales ont e't6 jugees en se
basant sur 1'intensit6 de la fievre et de 1'6ruption et aussi
sur 1'existence de toux et de conjonctivite. Parmi les
vaccins utilises sans gammaglobuline, le vaccin Becken-
ham 20 a provoque le plus de r6actions (11 % des enfants
ont presente une temp6rature atteignant 39,5°C et plus)
et le vaccin Milovanovic le moins; le vaccin Schwarz
a donne des r6sultats interm6diaires. Dans tous les
groupes, une leucopenie de courte duree et une aug-
mentation de la vitesse de s6dimentation des h6maties
ont et6 not6es; elles semblent li6es a l'intensite des
r6actions postvaccinales. Les enfants ayant requ un
vaccin tue suivi du vaccin Smorodincev ou du vaccin
Enders Edmonston B n'ont present6 que tres peu de
reactions.

Les r6ponses immunitaires les plus nettes ont ete
obtenues avec le vaccin Beckenham 20, le vaccin Schwarz
et le vaccin Enders Edmonston B administr6 avec
gammaglobuline. La r6ponse immunitaire au vaccin tu6
suivi de vaccin vivant a Wt6 satisfaisante.
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