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Experience with Live Rubella Virus Vaccine
Combined with Live Vaccines against Measles and

Mumps*
A. A. SMORODINTSEV,' M. N. NASIBOV2 & N. V. JAKOVLEVA3

Vaccination ofpre-school children in the 1-7-years age-group for the specific prophy-
laxis ofmumps and rubella is often difficult to arrange because of the already large number
of inoculations given to these children. Combined vaccines to protect against measles,
mumps and rubella should therefore be a valuable development. The existence of effective
live vaccinesfor each ofthese 3 diseases makes possible theproduction ofa singlepreparation
suitable for subcutaneous inoculation.

Tests on vaccine strains of measles (Leningrad-16), mumps (Leningrad-3) and rubella
(Leningrad-8) viruses in various combinations have established that divalent or trivalent
vaccines remain clinically harmless, highly immunogenic and epidemiologically effective.
Single subcutaneous administrations of live measles vaccine combined with mumps or
rubella vaccines or both, when given to children aged 1-8 years, brought about a high
percentage of serological conversions and an increase in antibodies to a level comparable
with that achieved with the corresponding monovalent vaccines. Morbidity from the
3 diseases was reduced among those vaccinated with the trivalent vaccine by 10 or more
times, i.e., by about the same factor as when monovalent or divalent vaccines were used.

Success in the prevention and treatment of scarlet
fever and in vaccination against pertussis, together
with favourable prospects for the rapid eradication
of diphtheria, poliomyelitis and measles, has, in recent
years, substantially increased the relative epidemio-
logical importance of rubella.
The rubella virus causes mass infections among

children of pre-school age and not infrequently
attacks pregnant women, resulting in multiple foetal
defects. Specific prophylaxis by means of a live
vaccine is needed urgently because of the lack of
effective measures to limit contacts between rubella
cases and healthy persons.
The possibility of active immunization against

rubella arises from the achievements in mass immu-
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nization against measles which provide a safe basis
for the study of combined vaccination against such
infections as rubella and epidemic parotitis.

Reports of highly promising results from com-
bined vaccination against measles and mumps have
been published elsewhere (Smorodintsev et al., 1967;
Nasibov, 1965; gikina et al., 1965).
The present communication summarizes the results

obtained in the study of live rubella virus vaccine
combined with live vaccines against measles and
mumps.

MATERIALS AND METHODS

The live rubella virus vaccine was prepared in
primary rabbit tissue-culture from the Leningrad-8
strain obtained after 23 passages in the same culture.

Live vaccines against measles from the Lenin-
grad-16 strain and against mumps from the Lenin-
grad-3 (L-3) strain were prepared in primary guinea-
pig kidney tissue-culture using the vaccine strains
obtained after 16 serial passages in the same culture.
The programme of combined vaccination involved

susceptible children aged between 1 and 7 years in
nurseries and kindergartens. The children were vac-
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cinated subcutaneously with 0.5 ml of di- or trivalent
vaccine containing from 500 TCID50 to 1000 TCID50
of rubella, measles or mumps virus with homologous
monovalent vaccines as controls.
The concentration of rubella virus in the vaccines

was determined by virus titration in continuous rabbit
kidney culture (RK13) and the results were evaluated
by the cytopathogenic effect of the virus and by
interference with vesicular stomatitis virus. The con-
centration of mumps virus was determined by titra-
tion in a monolayer culture of chick embryo fibro-
blasts with the help of fowl erythrocyte haemadsorp-
tion tests to detect infection.
The biological activity of the viruses contained in

di- or trivalent vaccine was estimated by use of
tissue-cultures optimal for each component after the
cross-exclusion of heterologous viruses with highly
active homologous immune sera applied in doses of
16-32 neutralizing units.
The effectiveness of the rubella virus vaccine from

the Leningrad-8 strain was studied by means of
clinical, immunological and virological examination
of the vaccinated healthy children. All vaccine
recipients were regularly observed by a physician
and temperatures were taken twice a day for 3 weeks
after the start of the vaccination programme. Viro-
logical examinations of blood, urine or throat swabs
obtained from vaccinated or contact groups of

children were also carried out to investigate the
possible spread of the vaccine virus from vaccinated
persons to susceptible contacts after intimate, pro-

longed exposure.
The immunogenic properties of the live rubella

virus vaccine combined with live measles and mumps
vaccine were evaluated by means of serological
tests using paired sera obtained before and a month
after the vaccination.
The immunogenicity of the vaccine strains of

measles and rubella viruses was determined by
titrating the sera with a titre of 1: 2 in haemagglu-
tination-inhibition tests using 4-8 units of the rubella
virus (the Leningrad-8 strain) and measles virus
(the Leningrad-16 strain) antigens. The immuno-
genic activity of the mumps virus was estimated in
virus-neutralization tests using 100 TCID50 per ml
of the virus in monolayer chicken fibroblast tissue-
culture. The results of the neutralization tests were
read after 4-5 days of incubation at 350C-360C on

the basis of the haemadsorption reaction with a 1%
suspension of fowl erythrocytes.
The epidemiological effectiveness of the combined

vaccine was evaluated by comparing the rate of
morbidity among institutionalized children vacci-
nated with monovalent or combined vaccines and
those in unvaccinated control groups during natural
rubella, measles or epidemic parotitis outbreaks.

TABLE I

CLINICAL, IMMUNOLOGICAL AND VIROLOGICAL FINDINGS AMONG 575 CHILDREN; 357 VACCINATED
WITH LIVE RUBELLA VIRUS VACCINE AND 220 UNVACCINATED CONTACTS

No. of Clinical findings Virus Reciprocal
children Virus in throat secretions on indicated days recovery Hi b

in No. of No. of after vaccination a fm antibodyin children children from . ~~~~~~~~~~~~~~~~~~~~~titre
Group nurse- choien cihi No ofX e |

ries witph children Pri5/05-/0 / 0 __ __ <_4 _64and a lmh with Pro After
kinder- atuemper- node rash 4 6 8 10 12 14 16 18 20 22 Blood Urine toci 3
gartens rie mn ai~ days

30 1 0 0 - - <4 8

55 2 0 0 6/0 6106/2 6/2 6/1 510 5/0 510 6/0 6/0 - - <4 16

Vacci- 75 0 0 0 - - <4 32
nated 96 2 0 0 5/0 5/0 5/1 4/1 5/2 5/0 4/0 5/0 4/0 5/0 - - <4 64

77 0 0 0 9/0 7/0 9/3 9/2 8/2 7/0 8/0 9/0 8/0 8/0 - - <4 128

24 0 0 0 - - <4 256

Con-
tact 220 4 - - 32/0 30/0 25/0 31/0 30/0 25/0 125/0 28/0 32/0 31/0 - - <4 <4

a Number of children in a group/number of virus recoveries.
b Haemagglutination-inhibition.
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RESULTS

No post-vaccination signs or symptoms (rise in
temperature, rash, catarrhal symptoms, enlargement
of the regional nodes or changes in blood or urine)
were detected among 355 children given a single
subcutaneous injection of the live rubella virus
vaccine.
The reproduction of the vaccine strain in the

body of the recipients was shown by the recovery

of rubella virus from throat discharges in 6 out of
20 children in the study 7-12 days after vaccination;
all vaccinated children developed specific antibodies
30 days after vaccination. The attenuated rubella
virus strain was not transmitted to susceptible
children of the control group who were in close
and prolonged contact with the vaccinees. This was

confirmed by the lack of any clinical reactions or

detectable virus in the upper respiratory tracts of the
contacts and also by absence of specific immuno-
logical changes in the latter (Table 1).

Injection of the live vaccine against rubella into
susceptible children was followed by 100% serocon-

version of virus-neutralizing and haemagglutination-
inhibiting antibodies. No difference was found be-
tween the rate of development and titres of the

antibodies after vaccination and in natural infections
(Table 2).

Mean geometric antibody titres in vaccinees and
in children with a previous history of rubella deter-
mined in haemagglutination-inhibition tests were

significantly higher than those obtained in neutrali-
zation reactions (1: 138 and 1: 91 in vaccinees
compared with 1: 147 and 1: 97 in convalescents).

Concentrations of complement-fixing antibodies
were significantly lower than concentrations of the
virus-neutralizing antibodies in both vaccinated and
convalescent children. Complement-fixing antibody
titres were not higher than 1: 8-1: 16 in the majority
of vaccinees or convalescent children.

Titres of virus-neutralizing and haemagglutination-
inhibiting antibodies were maximal 4 weeks after
the injection of the live vaccine or recovery from
natural infection and remained at the same levels
during 6-9 months of observation; complement-
fixing antibodies were completely lacking by the end
of the ninth month in the same children.
The isolated large-scale use of the live monovalent

rubella virus vaccine for vaccination of children
aged 1-7 years is rather difficult to arrange because
of the large number of inoculations already given
to children in this age-group. Accordingly, it was

TABLE 3
SEROLOGICAL FINDINGS AMONG CHILDREN GIVEN MONOVALENT OR COMBINED VACCINES

AGAINST MUMPS, MEASLES AND RUBELLA

I.No. No. of children Geometric
Antigen Serological Vaccine against: | of children with antibody rise mean antibody
against test a observed Ttltitre

Mumps 200 196 98.0 26.0

Mumps and measles 128 114 89.0 24.2
Mumps N

Mumps and rubella 122 116 95.0 22.6

Mumps, measles and rubella 99 91 91.9 21.1

Measles 65 63 96.9 56

Measles and mumps 136 121 89.0 52
Measles HI

Measles and rubella 46 42 91.3 49

Measles, mumps and rubella 88 80 90.9 42

Rubella 239 229 95.8 194

Rubella and mumps 122 115 94.3 128
Rubella HI

Rubella and measles 75 72 96.0 120

Rubella, mumps and measles 99 90 90.9 112

a N = virus-neutralization; Hi = haemagglutination-inhibition.
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considered reasonable to investigate the possibility
of using the rubella virus vaccine in combination
with the more essential vaccines against measles and
mumps.

A study of combined vaccination against rubella,
measles and mumps has shown that the maintenance
of high immunogenic activity is quite impossible
when simultaneous injections of y-globulin are used
to suppress clinical reactions to the live measles virus
vaccine. The latter must involve a properly attenuated
variant of the virus of the Leningrad-16 type.
Immunological changes produced by a single sub-

cutaneous injection of di- or trivalent vaccine were
studied and correlated with seroconversion findings
obtained with homologous monovalent vaccines.
The proportion of children showing a rise in specific
antibodies after injection of mono-, di- or trivalent
vaccines ranged from 89.0% to 98.0% (Table 3).

Conclusive evidence of the high immunogenic
activity of the live rubella virus vaccines, both
monovalent and combined, might be provided by
observations on the morbidity rate among vaccinees
during outbreaks of natural infection.
Table 4 shows that coefficients of effectiveness of

the live rubella virus vaccine, monovalent or com-

bined, ranged from 95.0% to 100%, suggesting a
high activity in the rubella virus vaccine strain used.
This is additional evidence that it would be sound
practice to use rubella virus vaccine in combination
with live vaccines against measles and mumps.

TABLE 4

EPIDEMIOLOGICAL EFFECTIVENESS OF LIVE RUBELLA
VIRUS VACCINE, MONOVALENT OR COMBINED WITH
LIVE VACCINES AGAINST MUMPS AND MEASLES,

DURING OUTBREAKS OF RUBELLA

Children
Groups Vaccine against in contact Coefficient

of rubella combined of effec-
children with vaccines No. tiveness

against: Total of (%No. cases

Vaccinated Mumps 115 1

Unvaccinated - 121 16

Vaccinated Measles 150 0
100.0

Unvaccinated - 113 58

Vaccinated Mumps and measles 138 2
93.8

Unvaccinated - 189 44

Vaccinated Rubella only 179 0
100.0

Unvaccinated -215 47

The coefficient of morbidity in the control group
of children exceeded morbidity rates among the
recepients of the monovalent mumps or measles
vaccines by 97 %/-99% and by 91 %-97% for the
recipients of the combined vaccine (Tables 5 and 6).

TABLE 5
EPIDEMIOLOGICAL EFFECTIVENESS OF LIVE MUMPS VIRUS VACCINE, MONOVALENT

OR COMBINED WITH LIVE VACCINES AGAINST MEASLES AND RUBELLA,
DURING OUTBREAKS OF MUMPS

Children in contact CoefficientGroups Mumps virus vaccine Ofof combined with vaccines T o. No. of cases effectivenesschildren against: Tota ___________
N. Total Per 1000

Vaccinated Measles 6 340 4 0.6
98.0

Unvaccinated - 4 375 128 29.3

Vaccinated Rubella 793 1 1.3
97.8

Unvaccinated - 654 39 59.6

Vaccinated Measles and rubella 597 4 6.7
91.6

Unvaccinated - 603 48 79.6

Vaccinated Mumps only 10 570 5 0.5
99.2

Unvaccinated - 6 739 439 65.1
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TABLE 6
EPIDEMIOLOGICAL EFFECTIVENESS OF LIVE MEASLES
VIRUS VACCINE, MONOVALENT OR COMBINED WITH
LIVE VACCINES AGAINST MUMPS AND RUBELLA,

DURING OUTBREAKS OF MEASLES

Children
Measles virus in contact CoefficientGroups vaccine combined of effec-

children with vaccines To No. tiveness
against: Tota of (%N.cases

Vaccinated Mumps 269 1
97.0

Unvaccinated - 311 38

Vaccinated Rubella 99 1
95.0

Unvaccinated - 115 23

Vaccinated Mumps and rubella 124 3
91.0

Unvaccinated - 130 35

Vaccinated Measles only 349 1
97.6

Unvaccinated - 321 39

The results obtained thus offer favourable pros-
pects for the combined use of the live rubella virus
vaccine with live vaccines against measles and
mumps.

DISCUSSION

It seems quite reasonable to attempt to control
widespread contagious infections of childhood by
means of combined vaccination with live vaccines
against rubella, measles and mumps and the results
of trials are promising. The mild reactogenicity of
the live measles virus vaccine from the Leningrad-16
strain (30Y%-40% transient febrile reactions of mild
or moderate intensity) was unaffected by simulta-
neous injection of non-reactogenic live vaccines
against mumps (Nasibov, 1965).

Fairly high immunogenic activity of monovalent
live vaccines against measles mumps and rubella
(seroconversion over 90% with minimal virus doses)
was also retained under conditions of combined
vaccination. Some decrease in the immunogenic
activity of the mumps and rubella components was
observed in children responding with fever to the
measles component of the triple vaccine but there
was no distinct influence on the efficacy of combined
immunization. When vaccine febrile reactions were
absent, the immunogenic activity of the trivalent
vaccine was similar to that of the control monovalent
preparations.

Epidemiological observations have demonstrated
a sharp decrease in the incidence of mumps among
children protected by single subcutaneous injections
of measles-mumps vaccine compared with an un-
vaccinated control group. The live mumps-measles
vaccine remained highly immunogenic when in com-
bination with the live rubella virus vaccine. Rubella
infections were completely prevented by the injection
of both triple and single vaccines.
The results of the USSR programme of con-

trolled vaccination with live measles virus vaccine
from the Leningrad-16 strain offer favourable pros-
pects for mass prophylaxis against epidemic parotitis
and rubella. The effective live vaccines against
mumps and rubella developed by the present authors
can be successfully used in combination with measles
vaccine in a single injection. The use of this triple
vaccine against measles mumps and rubella might
provide a safe basis for the limiting and eradication
not only of measles but also of mumps and rubella,
which are also highly hazardous, mass contagious
infections of childhood.
The practical realization of this goal requires the

speedy manufacture of the mumps-measles vaccine,
the components of which have been carefully studied
in the USSR, and also the production of rubella
virus vaccine to be included in the trivalent vaccine.

UMt
RESULTATS OBTENUS PAR L'ADMINISTRATION D'UN VACCIN VIVANT CONTRE LA RUBIOLE

ASSOCIt A DES VACCINS VIVANTS CONTRE LA ROUGEOLE ET LES OREILLONS

Des perspectives particulierement int6ressantes sont
offertes a la prophylaxie de masse des infections virales de
l'enfance par la vaccination sous-cutan6e associant des
vaccins vivants contre la rougeole (souche Leningrad-16),
contre les oreillons (souche Leningrad-3) et contre la

rubeole (souche Leningrad-8) mis au point en URSS par
A. Smorodintsev et ses collaborateurs.
Le vaccin antirougeoleux vivant issu de la souche

Leningrad-16 provoque chez les enfants vaccines environ
30 a 40% de r6actions febriles transitoires d'une intensit6
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faible a moyenne. L'injection sous-cutanee de vaccins
monovalents vivants contre la rubeole et contre les
oreillons ne s'accompagne d'aucune manifestation cli-
nique. L'association dans une pr6paration bivalente ou
trivalente du vaccin vivant contre la rougeole et des
vaccins vivants contre la rub6ole ou les oreillons n'ag-
grave pas les reactions cliniques propres au vaccin anti-
rougeoleux seul.
Chacun des trois vaccins vivants a regulierement

(95,8-98,0%) amene la seroconversion chez les enfants
ages de 1 'a 8 ans qui ont ete soumis a l'essai, meme
lorsque la dose inoculee n'avait qu'une teneur minimale

en virus-vaccin. L'intensite et la regularite des reactions
s6rologiques sont restees a un niveau eleve lorsque ces
vaccins ont ete administr6s en association bivalente ou
trivalente.
Le vaccin trivalent a entrain6 une forte diminution de

la morbidit6 parmi les enfants immunises, avec un coeffi-
cient d'efficacit6 6pidemiologique comparable a celui des
preparations monovalentes correspondantes (plus de
90%). L'efficacite du vaccin double antirougeoleux-
antiourlien a ete confirm6e dans des cas ou les enfants
vaccines vivaient dans des collectivites atteintes par des
epidemies d'oreillons et de rougeole.
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