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Comparative Study of the Reaction-causing
Properties and the Immunological
and Epidemiological Effectiveness

of Leningrad- 16 and Schwarz Live Measles Vaccines*
V. M. BOLOTOVSKIJ 1 & L. P. ZETILOVA2

This study is another in the WHO series of comparisons of measles vaccines prepared
from different strains of virus. The Leningrad-16 strain was compared with the Schwarz
strain in a trial with children aged I to 6 years. A group inoculated with placebo was
included as a control.

Pyrexias and rashes were more common in the Leningrad-16 group than in the Schwarz
group but in neither were the reactions serious. Antibody responses were good in both
groups.

During the 12 months after vaccination, measles occurred in 5 % ofthe children known to
have been exposed to infection in the Leningrad-16 group, 6 % in the Schwarz group and
58 % in the control group.

The object of the present study was to compare
in a controlled epidemiological trial the live
measles vaccine prepared from the Leningrad-16
strain with that prepared from the Schwarz strain.
The vaccines used were L-16 vaccine prepared

by the Moscow Institute of Virus Preparations
from the original strain isolated by Professor Smo-
rodincev, Leningrad, and vaccine prepared by
Glaxo Laboratories Limited, England, from the
Schwarz strain.

MATERIAL AND METHODS

The study was made with healthy children in
organized communities. The children were aged
from 1 to 6 years and had no history of measles;
they had not been vaccinated previously against
the disease and had not received injections of
immunoglobulin during the 6 weeks before the
vaccination tests. A control group of children was
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given injections of a placebo in the form of sterile
tissue-culture fluid.
The vaccines and the placebo were given code

numbers, so that neither the medical workers at
the children's establishments nor the members of
the inoculation teams knew which children were
receiving a vaccine and which the placebo. The
children were allocated to 1 of the 3 groups by the
random sampling method.
The 2 vaccines and the placebo were used in

each of the children's establishments so that in
each there were 3 groups of children, similar to
one another in numbers and also in respect of sex,
age, physical development and the history of
infectious diseases before and after vaccination.
Each preparation was administered in a single

injection, the L-16 vaccine subcutaneously, the
Schwarz vaccine and the placebo intramuscularly.
A daily record sheet was kept for each inocu-

lated child for 28 days after vaccination; morning
and evening rectal temperatures and the findings
of examinations of the child by a doctor were
entered every day. Incomplete or incorrectly
filled-in record sheets were not used in evaluating
the reaction-causing properties of the preparations.
A temperature of 37.1°C-37.7°C was regarded

as a mild reaction, 37.8C,-39.40C as a moderate
reaction, and 39.5°C or over as a severe reaction.
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Moderate and severe temperature reactions were
used to evaluate to reaction-causing properties of
vaccines since there was no statistically reliable
difference between the number of mild tempera-
ture reactions produced by the vaccines and those
occurring in the control group.

In order to study the antibody response to vac-

cination, 2 ml-3 ml samples of venous blood were

taken from a number of children before vaccina-
tion and for 28 to 30 days afterwards; the samples
were examined by the haemagglutination-inhibi-.
tion (HI) test. Reactions and antibody responses
were studied separately in children without anti-
body and children with antibody in their first
specimen of serum.

The epidemiological effectiveness of the measles
vaccines was evaluated by comparing the incidence
of measles in contacts in each of the groups over
a period of 1 year beginning 1 month after vacci-
nation was completed. Children who had been
given immunoglobulin after contact with measles
and who did not contract the disease were ex-

cluded from the analysis because it was difficult
to determine whether they had failed to contract
measles as a result of vaccination or as a result of
having been given immunoglobulin.
A total of 1190 children were inoculated

(Table 1), 409 with L-16 vaccine, 393 with Schwarz
vaccine and 388 with the placebo. The three

groups were similar in sex, age, and the number
of infectious diseases before and after vaccination
(Tables 2 and 3).

TABLE I
AGE AND SEX DISTRIBUTION OF CHILDREN
VACCINATED WITH LIVE MEASLES VACCINES

No. of vaccinated children

L-16 Schwarzl Placebo [ Total

Male 224 204 188 616

Female 185 189 200 574

Total 409 393 388 1190

Age-groups (years)

1-2 37 41 50 128

2-3 86 90 85 261

3-4 67 58 57 182

4-5 91 85 74 250

54 8 94 98 200

6B 40 25 24 89

TABLE 2

HISTORY OF INFECTIOUS DISEASES IN THE VACCINATED CHILDREN BEFORE

No. of Cases of infectious disease Cases as
Preparation children %" of

vaccinated Scarlet Whooping- Infectious Mu |sChicken- Rubella Total children
fever cough hepatitis pox cases observed

II .-

L-16 409 27 3 5 32 146 9 222 54.3

Schwarz 393 38 11 7 27 152 5 240 61.1

Placebo 388 34 6 5 21 132 5 203 52.3

TABLE 3
INFECTIOUS DISEASES CONTRACTED BY THE VACCINATED CHILDREN AFTER VACCINATION AGAINST MEASLES

No. of
Preparation children

vaccinated

L-16 409 6

Schwarz 393 7

Placebo 388 5

Cases of infectious disease

Scarlet Whooping- Infectious
fever cough hepatitis Mumps

Chicken-
pox

VACCINATION AGAINST MEASLES

Rubella Total
cases

Cases as
% of

children
observed

5 15 9 5 40 9.8

2 18 12 1 41 10.4

2 14 9 1 31 8.0
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RESULTS

Reactions in children without antibody before
vaccination
There were 260 seronegative children, 84 of

whom had been given L-16 vaccine, 89 Schwarz
vaccine and 87 placebo. Temperature reactions
from the sixth to the fourteenth day of observa-
tion were twice as frequent in the L-16 vaccine
group (45.2%) as in the Schwarz vaccine group
(24.7%) and nearly 4 times as frequent as in the
placebo group (11.5%) (see accompanying figure).

COMPARISON OF THE REACTION-CAUSING
PROPERTIES OF THE L-16 AND SCHWARZ LIVE MEASLES
VACCINES IN SERONEGATIVE CHILDREN FROM THE SIXTH

TO THE FOURTEENTH DAY OF OBSERVATION

E 37.10 C - 37.70 C

- 37.80 C - 39.40 C

40 > 39.5°C
..Il Catarrhal symptoms

Rash
~20-

0
Leningrad- 16 Schwarz Placebo 8, 01

A statistically significant difference in the
number of temperature reactions was found be-
tween each of the two groups of vaccinated chil-
dren and between those groups and the placebo
group. The average duration of pyrexia was 2.7
days for L-16 vaccine, 2.4 days for Schwarz vac-

cine and 1.8 days in the placebo group.

Mild temperature reactions (37.1 °C-37.7°C).
These occurred with almost equal frequency in the
L-16 vaccine group (14.2%) and in the Schwarz
vaccine group (12.4%) and were slightly less fre-
quent (9.2%) in the placebo group but the differ-
ences between groups were not statistically signifi-
cant.

Moderate temperature reactions (37.80C-39.40C).
These reactions occurred a little more than twice
as often in the L-16 group (29.8%) as in the
Schwarz group (12.4%) and 13 times as often as

in the. placebo group (2.3%). These differences
are statistically significant. The duration of mod-

erate temperature reactions was approximately the
same in all three groups: from 1.5 to 2 days.

Severe temperature reactions. A temperature of
39.5°C or more was recorded in 1 child only-a
child vaccinated with L-16 vaccine. The high tem-
perature lasted for 1 day. Catarrhal symptoms in
the upper respiratory tract occured in 36.9% of
children in the L-1 6 group, in 21.3 % of those in
the Schwarz group and in 9.2% of those in the
placebo group. These differences are statistically
significant. The mean duration of catarrhal
symptoms was approximately the same in all three
groups: from 3.4 to 3.9 days.

Faucial hyperaemia was observed more fre-
quently than other catarrhal symptoms in the 2
vaccinated groups (27.4% for L-16 and 16.9%
for Schwarz vaccine) than in the placebo group
(3.4%). Conjuctivitis occurred a little more than
twice as frequently in the L-16 group (10.7%)
as in the Schwarz group (4.5%) and nearly 5 times
as frequently as in the placebo group (2.3 %).
Conjunctivitis lasted an average of 2.5 days in the
L-16 group, 3.2 days in the Schwarz group and
2 days in the placebo group.

Rashes were observed in all 3 groups: in 16.7%
of the L-16 group, 7.9% of the Schwarz group and
in 1.1 % of the placebo group. The L-16 and
Schwarz groups did not differ statistically from
each other but there was a statistical difference
between the vaccinated groups and the placebo
group.
The rash in 3 of the 14 children in the L-16

group and in 1 of the 7 in the Schwarz group was
similar to a typical measles rash but without the
characteristic succession of stages in its develop-
ment. In the other children the rash was sparse
and localized either behind the ears and on the
face, or on the trunk. In the L-16 group the rash
lasted an average of 2.4 days, in the Schwarz
group an average of 1.6 days; in the placebo
group 1 child had an atypical rash for 5 days.
During the period of reactions to vaccination,

the children continued to feel almost completely
well. There were hardly any symptoms of intoxica-
tion (Table 4). One child on L-16 vaccine became
delirious, its temperature having risen to 39.9°C.
No convulsions occurred in either vaccine group.
Headache was complained of by 17.9% of the
children on L-16 vaccine, 4 times as many as in
the Schwarz group (4.5%), and the difference
between the 2 vaccine groups was statistically
significant.
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TABLE 4
NUMBER OF CASES OF INTOXICATION AMONG CHILDREN VACCINATED WITH LIVE MEASLES VACCINES

Reactions in children with antibody before
vaccination
Reactions were studied in 283 seropositive

children, 100 of whom received L-16 vaccine, 95
Schwarz vaccine and 88 the placebo. The number
of temperature reactions, rashes, catarrhal pheno-
mena and other symptoms occurring in the groups
vaccinated with the L-16 and Schwarz vaccines
was slightly larger than the number in the placebo
group but there were no statistically significant
differences between the 3 groups.

Levels of antibody in children seropositive before
inoculation
Of the 586 children bled before vaccination,

305, or 52%, were serologically positive despite
the fact that there was no history of measles
(Table 5). The mean geometric antibody titre in

TABLE 5

RESULTS OF THE HAEMAGGLUTINATION-INHIBITION
TEST ON SERA FROM CHILDREN WITH NO HISTORY

OF MEASLES

No. of children Geo-
Age-grup ceNo.of seropositive metricalAg-ru children Imean titre

(years) examined Absolute (expressed
number % as iog2)

1-2 28 3 10.7 5.7

2-3 66 14 21.2 3.4

3-4 94 30 31.9 5.7

4-5 162 87 53.7 6.2

5-6 192 142 74.0 6.0

>6 over 44 39 65.9 5.6

Total 586 305 52.0 [ 5.9

these children was quite high, 5.9 log2. The
number increased with age. This high percentage of
seropositive children among those with no history
of measles may perhaps be due to insufficiently
accurate diagnosis of measles as a result of the
occurrence of mild atypical attacks in children
given immunoglobulin and to the insufficiently
precise recording of the disease in the towns where
the studies were done.

Immunogenicity of L-16 and Schwarz vaccines in
seronegative children
The immunogenic properties of the vaccines

were studied in seronegative children. The results
of the HI tests are given in Table 6.
Of the 127 paired sera taken from children in-

oculated with L-16 vaccine, 61, or 48%, were
seronegative. Of the 117 paired sera taken from
children inoculated with Schwarz vaccine, 58, or
49.6%, were seronegative. Of the 119 paired sera
taken from children given the placebo, 53, or
44.5 %, were seronegative.

All 61 seronegative children inoculated with
L-16 vaccine and all 58 children inoculated with
Schwarz vaccine showed a rise in haemagglutinin
antibody titre. Medium and high titres ranging
from 1:32 upwards were found in 88.5% of
those inoculated with L-16 vaccine and in 91.3%
of those given the Schwarz vaccine (Table 7).
The mean geometrical titre in those given the

L-16 vaccine was 6.4 ± 0.4 log2 and in those given
the Schwarz vaccine 6.1 ± 0.2 log2. Children in the
control group, who were given the placebo,
showed no rise in antibody titre. The vaccines did
not differ from each other by statistical tests.

EfJect of immunization on the titre of haemagglu-
tinin antibodies in seropositive children
Changes in antibody titre in seropositive children

were studied in 66 inoculated with the L-16, 59
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inoculated with the Schwarz vaccine and 66 in
the placebo group.
The mean geometric antibody titres were as

follows:

L-16 vaccine 5.6 ± 0.4 log2

Schwarz vaccine 6.0 ± 0.4 log2

Placebo 5.9 ± 0.4 log2

There was no statistically significant difference
between the mean geometric antibody titres in the
3 groups.

As result of vaccination, the measles antibody
titre remained unchanged in 83.3 % of those given
the L-16 vaccine, in 78% of those given the
Schwarz vaccine and in 77.3 % of those given the
placebo. A rise or a fall in antibody titre following
vaccination occurred in roughly the same per-

centage of cases in all 3 groups (Table 8). There
was no statistically significant difference between
the groups in respect of changes in antibody titre,
and the rise or fall in titre which occurred in some

children after vaccination was the result not of
vaccination but rather of errors in the test.

Relationship between pyrexia and antibody levels

A study of the relationship between the nXumber
of temperature reactions and the indices of
immunogenicity of the L-16 vaccine and Schwarz
vaccines established that though the L-16 vaccine
caused temperature reactions in the inoculated
children twice as often (in 45.2% of cases) as the
Schwarz vaccine (24.7%) the 2 vaccines could be
considered identical in immunogenic properties.
Both preparations brought about a general rise
in antibody titre in all the children inoculated. An
antibody titre of 1: 32 and over was found in
91.3 % of those given Schwarz vaccine and 88.5%
of those given L-16 vaccine.

TABLE 6
RESULTS OF THE HAEMAGGLUTINATION-INHIBITION
TEST SERONEGATIVE ON CHILDREN INOCULATED WITH

LIVE MEASLES VACCINES

Titrations L-16 Schwarz Placebo

No. of sera examined 127 117 119

No. seronegative
in Hi test 61 (48.0 %) 58 (49.6 %) 53 (44.5 %)

End titres of sera:

<1:4 53(100%)

1:4 1(1.6%) - -

1:8 2 (3.3%) 1 (1.7%) - -

1:16 4 (6.6 %) 4 (6.9 %) - -

1:32 3 (4.9 %) 8 (13.8 %) - -

1:64 13 (21.3 %) 26 (44.8 %) - -

1:128 28 (45.9%) 14 (24.1 %) - -

1 :256 10 (16.4 %) 4 (6.9 %) - -

1:512 1(1.7%) - -

1:1 024

-1 :1 024

Total 61(100.0%) 58(100.0%) 53(100.0%)

The mean geometric antibody titres in those
given the L-16 and Schwarz vaccines were practi-
cally identical at 6.4 0.4 log2 and 6.1 0.2 log2,

respectively. It was also found that with both
vaccines there was no relation between the inten-
sity of the reaction and the level of antibody.

Epidemiological effectiveness
Observations to determine the epidemiological

effectiveness of L-16 and Schwarz vaccines con-

TABLE 7

IMMUNOGENICITY OF LIVE MEASLES VACCINES

Indices | Smorodincev Schwarz PlaceboIndices L-16

Presence of seronegative paired sera 61 58 53

No. that showed a rise in antibody titre 61 (100 %) 58 (100 %) -

Geometric mean titres (expressed as logr) 6.4 6.1

Standard deviation of the geometric mean titre 0.2 ± 0.1

Titres 1 :32 and over 88.5 % 91.3%
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TABLE 8
CHANGES IN ANTIBODY TITRES IN SEROPOSITIVE CHILDREN INOCULATED
WITH THE LIVE L-16 AND SCHWARZ VACCINES AND IN CONTROLS GIVEN

THE PLACEBO

N Titre unchanged Titre rose Titre fell
Pre- ofsera

paration examined Absolute Absolute Absolute
number A number % number %

L-16 66 55 83.3 7 10.6 4 6.1

Schwarz 59 46 78.0 9 15.3 4 6.8

Placebo 66 51 77.3 10 15.2 5 7.6

tinued for 1 year. An outbreak of measles began
6 months after the end of the vaccination cam-
paign in the towns where it had been carried out.
Of 56 children's establishments in which children

had been inoculated imported cases of measles
occurred in 47-in 28 once, in 16 twice and in 3,
3 times. The highest morbidity was recorded
among the children in the placebo group, where
it amounted to 577.7 per 1000 children in contact
with measles. The lowest morbidity occurred in the

Rlt:

Au cours d'un essai contr6le effectue a Moscou sur
1190 eleves de jardins d'enfants, on a compare des vac-
cins antirougeoleux prepares, l'un avec la souche Lenin-
grad-16 et l'autre avec la souche Schwarz. Certains de
ces enfants (groupe t6moin) ont recu, au lieu du vaccin,
une injection de liquide sterile de culture tissulaire.
Dans les trois groupes, la meme incidence des maladies
infectieuses autres que la rougeole a ete observee avant
et apres la vaccination; la repartition par age et par sexe
etait 6galement semblable.
Pour chacun des enfants, la temperature rectale a et

prise deux fois par jour; un medecin a proc6de a leur
examen quotidien pendant 28 jours apres la vaccination.
Chez 260 enfants (84 dans le groupe qui a reru le vaccin
Leningrad-16, 89 dans celui qui a requ le vaccin Schwarz
et 87 dans le groupe temoin) on n'avait pas decele
d'anticorps antirougeoleux avant la vaccination. Des tem-
peratures de 37,8°C ou plus ont e relevees dans 30%
des cas dans le groupe vaccine avec le vaccin Lenin-

L-16 group, with a rate of 47.1 per 1000 children
in contact (12.3 times less than as in the placebo
group). Morbidity in the Schwarz vaccine group
was 56.6 per 1000 children in contact, or 10.2 times
less than that in the placebo group.
No statistically significant difference in measles

morbidity was found between those inoculated
with the L-16 and Schwarz vaccines but a signifi-
cant difference was found between the vaccinated
and control groups.

SUMIt

grad-16, 12% des cas dans le groupe vaccin6 avec le
vaccin Schwarz et 2% des cas dans le groupe de controle.
Chez un seul enfant (appartenant au groupe ayant requ
le vaccin Leningrad-16) on a enregistre une temperature
superieure a 39,4°C. Des eruptions se sont produites
chez 17% des enfants vaccines avec le vaccin Lenin-
grad-16, 8% de ceux qui avaient regu le vaccin Schwarz
et 1% de ceux du groupe t6moin. Les autres symptbmes
et manifestations enregistres sont egalement decrits.
Aucune reaction serieuse n'a ete observee. Tous les
enfants seronegatifs des deux groupes vaccines ont ela-
bore des anticorps et les titres releves ne presentaient
pas de differences statistiquement significatives.
Parmi les enfants exposes 'a l'infection naturelle,

on a enregistre, au cours des 12 mois qui ont suivi
la vaccination, 5% de cas de rougeole dans le groupe
vaccine avec le vaccin Leningrad-16, 6% dans le groupe
vaccine avec le vaccin Schwarz et 58% dans le groupe
temoin.
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