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The study reported in this article was conducted under the auspices of WHO as part of
the Organization's programme on measles vaccination.

In the spring of 1964, 416 children aged between 8 months and 3 years were inoculated
with one or another of the following agents: Enders Edmonston B vaccine (alone or with
gamma-globulin), Schwarz vaccine, Beckenham 20 vaccine, Milovanovic' vaccine, and a
placebo.

Seroconversion rates ranged from 91 % to 100 %, which indicates that the vaccines
tested were highly immunogenic. The incidence of reactions was low, andfrom the clinical
point of view acceptable. Clinical comparison of the reactions provoked by the different
vaccines showed that the lowest rate was in the groups given Schwarz vaccine and Enders
Edmonston B plus gamma-globulin, and the highest in the group given Beckenham 20
vaccine. However, the greater frequency of reactions observed with Beckenham 20 vaccine
might have been due to the high dose given in the first stage of the trial.

Complications were observed in 10 children, of whom four were in the placebo group.
In three of the remaining cases a causal connexion with the vaccine could not be excluded
with certainty.

Since 1954, the year when Enders and co-workers
developed a suitable technique for cultivating the
measles virus in tissue culture (Enders & Peebles,
1954), several attenuated and inactivated vaccines
have been prepared and tested. Ample information
on the properties of these vaccines is available in a
number of published studies, which have been
summarized in the recent report of the WHO
Scientific Group on Measles Vaccine Studies (1963).
The inactivated measles vaccines caused little

reaction, but were immunogenically less satisfactory
than the live vaccines. The attenuated vaccines
provoked undesirable reactions in a greater or

lesser proportion of those vaccinated. Hence,
comparative studies of the reactions provoked by
selected live vaccines were carried out under different
conditions in order to determine which caused the
least reaction. The immunogenic response to the
vaccines was also studied.
One of the investigations concerned was conducted

in Czechoslovakia on the initiative and with the
support of the World Health Organization. Four
vaccines were compared under stable clinical,
epidemiological and environmental conditions. The
study was carried out according to strict double-
blind test rules.

MATERIAL AND METHODS

VACCINES

Enders Edmonston B strain vaccine, supplied by
Merck, Sharp & Dohme Laboratories, West Point,

Pa., USA, was prepared from Ender's original strain
attenuated by passages in tissue culture and chicken
embryos. It was received in ampoules containing
8 ml of freeze-dried substance. Its titre on receipt
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was 2.7 logl0 TCID50 per ml (established in human
amniotic cells after 14-days' cultivation)." The
vaccine was stored at -20°C and transported on
dry-ice to the places where the trials were held.
Vaccinated subjects received a 1-ml dose subcutane-
ously. The vaccine was administered with gamma-
globulin to some subjects, and without gamma-
globulin to others.

Schwarz vaccine, derived from the Enders Ed-
monston A strain by passage in chicken-embryo
tissue culture, was supplied by the Glaxo Labora-
tories, Greenford, Middlesex, England, in ampoules
of 0.5 ml of freeze-dried substance. Its titre on receipt
was 4.8 log10 TCID50 per ml. The vaccine was
stored at -20°C and transported on dry-ice.
Vaccinated subjects were given 0.5 ml subcutane-
ously.

Beckenham 20 vaccine was prepared by the Well-
come Research Laboratories, London, England,
from the original Enders strain by passage in
chicken-embryo tissue culture at 33°C. It was
supplied in ampoules of 0.5 ml of freeze-dried
substance. The titre on receipt was 2.4 logl0 TC1D50
per ml. The vaccine was stored at 4°C. Children
were vaccinated subcutaneously. Owing to a mis-
understanding they were given two ampoules in the
first stage of the trial, but in the second and third
stages they received half this dose (one ampoule).

Milovanovic vaccine (BLC-68IF-64) was prepared
at the Virological Department of the Hygiene
Institute in Belgrade from the Enders Edmonston B
strain by passage in chicken-embryo tissue culture.
The vaccine contained human albumin as a pre-
servative. It was supplied in ampoules of 1 ml of
freeze-dried substance. The titre on receipt was
3.0 log10 TCID50 per ml. The vaccine was stored at
-20°C and transported on dry-ice. Vaccinated
subjects received 0.25 ml subcutaneously.

Placebo material consisted of chicken fibroblast
tissue culture processed in the same way as the
vaccine prepared by Merck, Sharp & Dohme
Laboratories from the Edmonston B strain.

Poliomyelitis Immune Globulin (Human), tested
for its antibody content by Merck, Sharp & Dohme
Laboratories, was administered together with the
Enders Edmonston B vaccine. The dose was

1 The same titration procedure was applied to the other
three vaccines tested. The authors' thanks are due to
Dr I. Mareg and Mr M. Drevo, Institute of Sera and Vac-
cines, Prague, for their help with the titrations.

0.022 ml per kg body-weight. Vaccine was injected
into one arm and gamma-globulin into the other.

Sterile distilled pyrogen-free water, supplied
together with the vaccines, was used as a diluent.
Disposable plastic syringes were employed.

Record cards designed by the World Health
Organization and clinical forms employed at the
Infectious Diseases Clinic of the Charles University,
Prague (Bulovka Hospital), served as protocols.

SELECTION OF CHILDREN AND VACCINATION
SCHEDULE

The study was carried out among the inmates
of infants' and children's homes in the Provinces
of Bohemia and Moravia.2 The children selected
were between 8 months and 3 years of age and had
no record of measles. Only those children (416)
whose sera displayed no evidence of measles anti-
bodies on the day of vaccination were included in
the final evaluation. As shown in Table 1, the age
distribution in the groups given the different vaccines
was proportionately similar. Fewer children were
given Milovanovic vaccine and Enders Edmonston B
vaccine without gamma-globulin, since it was
expected that these vaccines might cause severer
reactions than the others.
The children selected belonged to 30 different

establishments situated at some distance from each
other. The establishments were therefore grouped
into five areas in Bohemia and three in Moravia so
as to allow all the reactions to be read by the same
five observers. For this reason, vaccination was
carried out at three stages as follows:

Stage 1-from 24 to 27 February 1964 in four of
the Bohemian areas;

Stage 2-from 11 to 14 March 1964 in the three
Moravian areas;

Stage 3-on 3 April 1964 in the remaining
Bohemian area.

Two physicians and one nurse formed the team
that gave all the injections.

Immediately before vaccination the children were
divided at random into coded groups according to a
key supplied by WHO. The vaccines were labelled
with code figures the significance of which was
known only to the vaccination team.

In order to exclude any possible subjective bias
in the clinical evaluation of reactions, the partici-

2 The authors thank the staffs of all these establishments
for their willing co-operation.
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TABLE I

AGE DISTRIBUTION OF VACCINATED CHILDREN

Enders Enders
Age ~~~Ed- Beken dAge Schwarz monston B hanm | Milovanovk6 | Ed-

B
Placebo

(months) plus gamma- mmonston B
globulin alone

8-12 25 27 26 14 4 22

13-24 30 35 28 20 14 34

25-36 27 17 28 4 13 28

37+ 7 5 4 1 2 1

Total 89 84 86 39 33 85

pating clinicians and the local paediatricians were
unaware of not only which vaccine was used for
vaccinating individual children but also which coded
group the children belonged to.

Since it was important to get the results as quickly
as possible, there was no delay in carrying out the
project, even though at that time the incidence of
intercurrent respiratory diseases was expected to be
high. For this reason, each clinician visiting the
children's establishments between the 6th and 14th
days after vaccination was accompanied by an
epidemiologist, who recorded the epidemiological
situation.' These records were helpful in the inter-
pretation of some of the findings.

METHOD OF CLINICAL SUPERVISION

The clinical evaluation was conducted by five
physicians, who were members of a single hospital
department and who had long experience of measles
in infectious disease wards (Staninec et al., 1964).
They co-operated closely with the local practitioners
supervising the children's homes, who were well
acquainted with the local epidemiological situation
and the physical condition of the children.

Clinical observation began with an examination
of the children's visible mucous membranes, skin,
lungs, heart and liver, carried out immediately be-
fore vaccination. Deviations from the normal were
recorded on the forms.

"Thanks are due to Dr M. Drasnar, Dr M. Hebelka,
Dr V. Janout and Dr Z. Jeiek, of the Institute of Epidemi-
ology and Microbiology, Prague, and to Dr K. Markvart, of
the Post-graduate Medical School, Prague, for the performance
of this work.

Contra-indications to vaccination

The following children were excluded:
(1) Those suffering from infectious disease, or

convalescent or probably incubating infectious
disease;

(2) Those with a rectal temperature of over
37.8'C of dubious etiology;

(3) Those suffering from chronic disease of paren-
chymatous organs, in particular of the respiratory
tract;

(4) Those suffering from haemoblastosis;
(5) Those who had undergone prolonged corticoid

treatments;
(6) Those who had received any type of active

immunization within the previous four weeks (in
the case ofBCG vaccination, within the previous six
weeks);

(7) Those who had been given gamma-globulin
for any reason within the previous six weeks.

Daily from the 6th to the 15th day after vaccina-
tion, when clinical reactions were to be expected,
the clinicians carefully examined the skin, visible
mucous membranes and (by auscultation) the lungs
and the heart of each vaccinated child, and re-
corded subjective complaints where this was con-
sidered advisable. The signs observed were entered
on the protocols, a detailed evaluation of the signs
being recorded on the reverse of the clinical form.
Special attention was paid to exanthemata (size,
character and localization of efflorescence). An
example of a completed clinical form (for a child in
the Beckenham 20 group) is shown in the accom-
panying figure.
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EXAMPLE OF COMPLETED CLINICAL FORM (FOR CHILD IN BECKENHAM 20 GROUP)

Name: A.M.
Date of birth: 13.4.1963

An_

MEASLES
Medical establishment: Veselr
Vaccine: IV39 - TT

a)39.-

v 38 __ _
e' 37.6 lT
37-

36 -

Day after vacc. 1 3 5 7 9 11 - 13 15 17 - 19 21 23 25
Rash, mild ++++

Rash, severe I
Cough __++ + + + +
Coryza _ ___ _ _ _ _+ _ _+ _+ _ _ +
Conjunctivis + + + + + +
Diarrhoea
Tonsillitis
Spasms
Vomiting
Pharyngitis + + + + + + + ++
Kopl ik's spots + + + + +
Bronchitis + 4+_ _ + +
Anorexia +_ = _

WHO 5059

Clinical signs recorded

Temperature was taken rectally and recorded
twice a day (in the morning and afternoon) by local
nurses. Only the afternoon temperature was entered
in the WHO protocols, however, to keep in line
with other, similar, studies in theWHO programme.

In view of the great variability of postvaccination
exanthemata, it was decided to record all types of
skin efflorescence. Thus, urticariform, scarlatini-
form, folliculitis-like and eczematoid efflorescences
were all recorded. Scattered maculopapular efflo-
rescences, discrete or partly confluent and localized
in sites typical of measles, were classified as " mild "
exanthemata. Confluent efflorescences with or
without haemorrhage were classified as " severe "
exanthemata.

Mucous membranes of the conjunctiva, mouth
cavity and pharynx were examined for rubor and
for mucosal exanthem; tonsils were examined for
inflammation; and careful attention was paid to the
presence of Koplik's spots; nasal secretions were
also examined. Pathological phenomena on the
mucosa of the lower respiratory tract were de-
termined by auscultation, special attention being
paid to the presence of signs of bronchitis. Other
signs, such as cough, diarrhoea, vomiting and
anorexia, were recorded as observed by the local
supervising physicians. Children who developed
complications-for example, spasms or broncho-
pneumonia-were hospitalized at the Infectious
Diseases Department, Bulovka Hospital, Prague,
where they were subjected to laboratory and phy-
sical examination.

782
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SEROLOGY

Blood was drawn from each vaccinated child
immediately before vaccination and on the 28th day
afterwards. Serum specimens were stored at -20°C
until tested, when they were inactivated at 56°C for
30 minutes.

Altogether 416 paired sera were tested by the
complement-fixation (CF) reaction. Furthermore,
all the paired sera were tested by the haemagglutina-
tion-inhibition (HI) test and 40 of them by the
neutralization test. The object was to achieve a
correlation of these three tests and a clarification of
dubious results obtained with the CF test.1

Seroconversions were evaluated on the basis of
unequivocal results obtained with two or all three
of the tests.
The CF test was performed according to Kolmer's

modification in a total volume of 0.5 ml. The
reaction mixture was incubated for 18 hours at
4°C before the addition of sensitized sheep erythro-
cytes. All the sera were tested against a single lot
of undiluted measles complement-fixing antigen
(corresponding to 4 units), supplied by the Institute
of Sera and Vaccines, Prague, where it was prepared
from the continuous human amniotic-cell line AM-
57 inoculated with the Edmonston strain. The
AM-57 cell line was cultivated in tissue culture
medium containing albumin and growth active
alpha-globulin (Michl, 1961). The method of pre-
paration and experience with this antigen have been
described by Strauss, Duben & Martinfu (1964).
Before use, the antigen was stored at -60°C.

In all the tests, a single lot of freeze-dried com-
plement diluted to 1.5 units was used. A 2% sheep-
erythrocyte suspension was prepared photocolori-
metrically. Sensitization of erythrocytes was per-
formed with 3 units of amboceptor (Sevac-Praha).
Veronal buffer at pH 7.3-7.4 was used as a diluent.
The end value was considered to be 50% haemo-

lysis. There was double control in every test, a row
of tubes with antigen derived from uninoculated

tissue culture (specificity control) and a row without
antigen (serum control) being included. Moreover,
each series of tests was accompanied by a reaction
using a familiar negative and positive serum. For
each series of tests the antigen was retitrated.
The HI test was carried out by the micro-method

of Takatsy (1955) using 4 units of haemagglutinating
measles antigen prepared according to Rosen (1961)
and 0.5% of washed Macaca rhesus erythrocytes
adjusted to standard by photocolorimetry. Before
being tested, inactivated sera were absorbed with
concentrated monkey erythrocytes (proportion,
1:6) at 4°C for 1 hour. Results were read after
1 hour's incubation of the mixture of diluted serum
and antigen at room temperature, followed by
1 hour's incubation at 37°C, when an equal aliquot
of monkey-erythrocyte suspension was added. The
serum dilution giving complete or 50% haemagglu-
tination inhibition was considered to be the haemag-
glutination-inhibition titre.
The neutralization test was performed according to

the modification of Strauss & Zdra!ilek (1965) using
the AM-57 continuous human amniotic-cell line.

STATISTICAL ANALYSIS

Statistical evaluation proceeded in several steps.
First, the age distribution of the children in the
different vaccination groups was examined. Sig-
nificant differences were not found. Next, those
clinical signs were determined for which statistically
significant differences between the control and the
vaccinated groups could be demonstrated. There-
upon differences between the individual vaccinated
groups were evaluated.
The X2 test of independence was employed for the

statistical analysis. Thus, the statistical significance
of the data reported below is to be understood in
terms of this test at the 5% level of probability. For
comparing the present results with results of previous
studies, 95% confidence intervals of the percentages
of temperatures higher than 39.5°C were employed.

RESULTS

EVALUATION OF CLINICAL REACTIONS

Febrile reactions
In order to render the present results comparable

with the results of other studies, only afternoon
1 The able technical assistance of Mrs L. Kuncova, Mrs

V. Novotna and Miss M. Kaprova in this aspect of the work
is gratefully acknowledged.

(rectal) temperature was taken into consideration.
In Table 2 it is shown that the proportion of vaccin-
ated children with temperatures of over 37.8°C
(100°F), observed during an interval of 5-14 days
after vaccination, ranged from 61.8% (Schwarz
vaccine) to 82.6% (Beckenham 20 vaccine), as con-
trasted with 34.1 % of the children inoculated with

3
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TABLE 2
INCIDENCE OF FEBRILE REACTIONS IN VACCINATED CHILDREN

FEnders1
Observations1 Schwarz IEdmonston B Becken- Milovanovkd Edmndesto lcbObservations | Schwarz | plus gamma-i ham 20 Edmonstn B Placebo

globulin alone

Vaccinated children, total 89 84 86 39 33 85

Temperature 37.90C and over 55 56 71 26 22 29
(61.8 %) (66.7 %) (82.6 %) (66.7 %) (66.7 %) (34.1 %)

Temperature 37.9°C and over 33 30 50 21 15 11
(2 days or more) (37.1 %) (35.7 %) (58.1 %) (53.8%) (45.4 %) (12.9 %)

Mean duration of temperature 37.9°C and
over (days) 2.0 2.3 2.2 3.0 2.3 1.8

the placebo. The proportion of children with elev- Exatthem
ated temperature in all the vaccinated groups was
significantly higher than in the control group. Most of the exanthemata observed were classified
As regards the height alone of the febrile reac- as mild. They were considered severe in only two

tions, there were no statistically significant differ- children. The incidence of exanthem (Table 4) was
ences among the vaccines used. However, expressed significantly higher in all the vaccine groups than in
in terms of a temperature of 37.9°C or over and its the control group. Differences among the vaccines
duration for two days or more, the Schwarz vaccine used can be seen in Table 4. Schwarz, Enders plus
and the Enders vaccine plus gamma-globulin caused gamma-globulin, and Enders without gamma-
the least, and the Beckenham 20 vaccine the most, globulin caused less reaction than did Beckenham
reaction. Table 3 presents the group distribution of 20 and Milovanovid vaccines.
the febrile reactions to the different vaccines used. Of the children in the control group, 15% dis-
A temperature of 39.5°C and over is considered an played exanthem clinically indistinguishable from
important febrile complication. As can be seen, the the postvaccination exanthem. The serological
most favourable results in this respect were obtained evidence was against infection with measles virus,
with the Schwarz vaccine and the Enders vaccine since none of the post-injection sera in the placebo
plus gamma-globulin. group was positive (see Table 7). We are unable to

TABLE 3
DISTRIBUTION OF TEMPERATURE MAXIMA IN VACCINATED CHILDREN

Enders
Edr

|Schwarz Ed nsgEdmonstonB E s Placebo
Maximum temperature Sglobulin alone

No. % No. % No. % No. % No. % No. %

<37.8°C 34 38.2 28 33.3 16 18.5 13 33.3 11 33.3 56 65.9

37.9°C-38.4°C 24 27.0 22 26.2 19 22.1 8 20.5 6 18.3 17 20.0

38.5'C-39.4°C 22 24.7 26 31.0 32 37.2 10 25.7 8 24.2 8 9.4

239.5°C 9 10.1 8 9.5 19 22.1 8 20.5 8 24.2 4 4.7

Total 89 - 84 - 86 - 39 - 33 - 85 -

Average temperature
at 237.9°C 38.7°C 38.8°C 39.0°C 39.0°C 39.0°C ] 38.6°C

784



TRIALS OF MEASLES VACCINES IN CZECHOSLOVAKIA

TABLE 4
INCIDENCE OF EXANTHEM IN VACCINATED CHILDREN

Observations | Schwarz plus oamma- Beckenham 20 Milovanovi| Edmonston B Placebo_________________I pI~~~~gloulinarma _ ________ alone ____
Vaccinated children,

total 89 84 86 39 33 85

Exanthem 40 34 62 21 14 13
(44.9%) (40.5%) (72.1 %) (53.8%) (42.4%) (15.3%Y)

Mean duration (days) f 3.7 4.0 3.9 3.9 2.4 3.9

give a satisfactory explanation of the incidence of corded-cough, coryza, conjunctivitis, follicular
exanthem in the control group. tonsillitis, pharyngitis, diarrhoea, vomiting, and
The most frequent type of exanthem can be anorexia-did not differ significantly from that in

characterized as follows: maculopapular efflores- the control group.
cences of a pink colour, 50% confluent, localized
behind the ears, and on the neck, face, trunk, and, to Serious postvaccination complications
a lesser degree, the extremities, disappearing (unless
markedly pigmented) within two to four days. The Complications were observed in 10 children
picture was similar to that of measles modified by (Table 6). Four of these children had been given the
the prophylactic administration of gamma-globulin. placebo. In three others, the complications appeared

within one or two days of vaccination, which ex-
Manifestations on mucous membranes and other signs cludes any causal connexion with the vaccine. There
As is shown in Table 5 the incidence among the was a high incidence of respiratory disease at the

vaccinated children of the other manifestations re- time, even among the unvaccinated children, in the

TABLE 5
INCIDENCE OF CLINICAL SIGNS OTHER THAN EXANTHEM IN VACCINATED CHILDREN

Enders Enders
Schwarz Epdumsamona- Beckenham 20 Milovanovi Edmonston B Placebo

Observations globulin alone

No. _% No. % No. % No. % No. % No. %

Cough 38 42.7 34 40.5 39 45.3 17 43.6 16 48.5 36 42.4

Coryza 78 87.6 75 89.3 81 94.2 37 94.9 27 81.8 76 89.4

Conjunctivitis 65 73.0 68 81.0 76 88.4 34 87.2 13 39.4 64 75.3

Diarrhoea 8 9.0 12 14.3 13 15.1 3 7.7 9 27.3 17 20.0

Tonsillitis 4 4.5 8 9.5 10 11.6 2 5.1 2 6.1 2 2.4

Spasms 1 1.1 - - - - - - - - - -

Vomiting 6 6.7 4 4.8 12 14.0 7 17.9 4 12.1 6 7.1

Pharyngitis 71 79.8 71 84.5 74 86.0 36 92.3 30 90.9 66 77.6

Bronchitis 28 31.5 19 22.6 26 30.2 8 20.5 7 21.2 25 29.4

Anorexia 13 14.6 11 13.1 23 26.7 12 30.8 4 12.1 12 14.1

785
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TABLE 6
REVIEW OF MOST SERIOUS COMPLICATIONS IN VACCINATED CHILDREN

Day of
onset of

Cid Age et Date of first signsVacnChild (mont Establishment vaccination post- Type of complication Vaccine(mnhs) vaccinationvacnto
complica-

tion

V.J. 15 Jindfichiv 25.2.1964 8th Convulsions, Schwarz
Hradec a Eczema generalisatum,

Encephalopathy

O.F. 17 Liberec a 26.2.1964 1 st Bronchopneumonia Enders Edmonston B
plus gamma-globulin

G.V. 13 Veska b 27.2.1964 2nd Bronchopneumonia, Enders Edmonston B
Praematuritas plus gamma-globulin

K.D. 14 Skalice a 13.3.1964 6th Otitis media suppurativa Enders Edmonston B
plus gamma-globulin

R.V. 17 Liberec a 26.2.1964 1st Bronchopneumonia Beckenham 20

B.H. 12 Skalice b 13.3.1964 7th Bronchopneumonia Milovanovid

P.J. 13 Liberec a 26.2.1964 1 st Bronchopneumonia Placebo

S.M. 15 Dvbr KrSlov6 a 27.2.1964 1 st Bronchopneumonia Placebo

L.Z. 11 Jindfichezv 25.2.1964 7th Bronchopneumonia, Placebo
Hradec a Pyopneumothorax

C.R. 13 Skalice b 13.3.1964 8th Bronchopneumonia Placebo

a Children's home.
b Infants' home.

communities concerned, and this could account for SEROLOGICAL RESULTS
seven of the complications. In the remaining three
cases a causal connexion with the vaccine could not Seroconversions were studied in the 416 children
be excluded. Presumably, however, the chance inoculated with one or another of the different
coincidence of respiratory disease could also have measles vaccines or with the placebo. As is indicated
been responsible for these complications. in Table 7, the Schwarz vaccine gave a 100 %Y con-

TABLE 7
REVIEW OF SEROLOGY IN VACCINATED CHILDREN

Post-vaccination serologyGeometric mean titres
Number Post-vaccination serology % of sero- (reciprocal)Vaccine of children conversions

Negative Positive CF test Hi test

Schwarz 89 0 89 100.0 194 152

Enders Edmonston B 84 4 80 95.2 254 208
plus gamma-alobulin

Beckenham 20 86 3 83 96.5 291 191

Milovanovid 39 2 37 94.9 390 266

Enders Edmonston B alone 33 1 32 97.0 293 202

Total: 331 | 10 321 97.0 - -

Placebo 85 - 85 0 | 0 | <2 <2
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version rate. The conversion rate elicited by the
other vaccines was 96% on the average. Serocon-
version was not observed in any of the 85 children
inoculated with the placebo.

Statistical evaluation in terms of the geometric
means of complement-fixing and haemagglutina-
tion-inhibiting antibody levels attained in the in-
dividual groups vaccinated with the different vac-
cines demonstrated differences (Table 7). With both

the CF test and the HI test, the highest geometric
mean titre was attained in children injected with
Milovanovic vaccine (1/390 and 1/266 respectively)
and the lowest in children given the Schwarz vaccine
(1/194 and 1/152 respectively). Much smaller dif-
ferences were observed among the groups given the
Enders Edmonston B vaccine plus gamma-globulin,
the Beckenham 20 vaccine and the Enders Edmons-
ton B vaccine without gamma-globulin.

DISCUSSION

According to the available information, not more
than two vaccines and a placebo have been tried at
one time in most of the previous studies.: As a rule,
one of the preparations tested was the original
Enders Edmonston B vaccine administered with or
without gamma-globulin, the other being one of the
so-called further-attenuated vaccines. Since the
studies were carried out in different countries under
different epidemiological conditions, and sometimes
among groups of children markedly unequal in
number, they could hardly be taken as a reliable
basis for comparing the reactions caused by the
individual so-called further-attenuated vaccines.
But despite this, an attempt has been made to com-
pare the results of previous studies with those of the
present investigation.
Among the reactions recorded, peak temperature,

expressed as usual as 39.5°C and over, is the most
reliable index. Such reactions as exanthem, con-
junctivitis, coryza, and cough are more subject to
bias and, together with the lower ranges of pyrexia,
are influenced by other factors.
Data from some studies in which the same vac-

cines were employed as in Czechoslovakia (WHO
Scientific Group on Measles Vaccine Studies, 1963),
are reported in the following paragraphs. The com-
parison refers to the confidence limits of the per-
centages, which are given in parentheses.

Milovanovic in his Belgrade study reports tem-
perature of 39.5°C and over in in 17% (7 %-21 Y.) of
subjects given the Enders Edmonston B vaccine
without gamma-globulin, in 12% (4%-27 %) of
subjects given the same vaccine plus gamma-
globulin, in 14% (6 %-29 %) of subjects given the
Milovanovic vaccine and in 2% (0.1 %-13%) of
children given a placebo.

In Ibadan, Nigeria, the Beckenham 20 vaccine
and a placebo were used. The respective percentages

(and confidence limits) for temperatures of 39.5°C
and over were 10% (6%-18%Y.) and 5% (1%-15%).
The studies carried out in Ilesha and Imesi,

Nigeria, produced results comparable with the
foregoing reports: Enders Edmonston B plus
gamma-globulin, 9% (4%-16%); Schwarz, 5%
(1 %-10 %); and placebo, 3% (1%-7%).

In the USA, Andelman et al. (1963) report 2.5%
(0.3 %-9 %) for the Schwarz vaccine and 2% (0.1 %-
11 %) for the placebo.
The results of the present study are summarized

in Table 8. A comparison of the confidence limits
shows that the percentages of peak temperature in
the studies quoted for the most part roughly cor-
respond to the present results. The Beckenham
20 vaccine, however, is an exception, a relatively
higher percentage of peak temperature having been
recorded in the present study. Though the corres-
ponding percentage obtained with the Schwarz
vaccine was also higher than in the Ilesha study and
in Andelman's study, the differences are not so
marked.
The Beckenham 20 vaccine caused more reaction

than the other vaccines used in the present study.
However, an extraneous factor may very probably
have come into play. As mentioned above, the pre-
sent vaccination was carried out at three stages. In
the course of the study, the instructions on dosage
as originally understood were changed, so that be-
ginning with the second stage the children received
half the dose given at the first stage.

In Table 9 a comparison of the results obtained
with both dosages of the Beckenham 20 vaccine is
given. The results obtained with the Schwarz vaccine
at all the three stages are also shown. As can be
seen, the latter results were comparable throughout
the study, whereas Beckenham 20 elicited a signi-
ficantly higher percentage of cases of temperature
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TABLE 8
INCIDENCE OF FEBRILE REACTIONS, EXANTHEM AND SEROLOGICAL RESPONSE IN VACCINATED CHILDREN

Nme Temperature Exnhm[ Temperature
Vaccine chdNumbere 37.9'C and oer Exanthem Seroconverslons 39.50C and over

children Number % Number | % Number % Numberl %

Schwarz 89 55 61.8 40 44.9 89 100.0 9 10.1 (5-18)
Enders Edmonston B

plus gamma-globulin 84 56 66.7 34 40.5 80 95.2 8 9.5 (4-18)

Beckenham 20 86 71 82.6 62 72.1 83 96.5 19 22.1 (13-30)

MlIovanovid 39 26 66.7 21 53.8 37 94.9 8 20.5 (10-37)

Enders Edmonston B
alone 33 22 66.7 14 42.4 32 97.0 8 24.2 (11-42)

Placebo 85 29 34.1 13 15.3 - - 4 4.7 (1-12)

over 37.80C that lasted more than two days or of postvaccination period. On the one hand, it
temperature of 39.50C and over at the first stage of seems very likely that numerous discrete, short-
the study. lasting specific postvaccination exanthemata may

Differences between the present study and studies escape attention at a quick glance at the skin, while,
conducted with the same vaccines in other countries on the other hand, overscrupulous examination
(WHO Scientific Group on Measles Vaccine Studies, may result in atypical urticaria, prolific folliculitis,
1963) were noted also in relation to exanthem. The eczematous efflorescence and other transient types
most marked differences occurred with the adminis- of dermatitis (drug-induced) being mistaken for
tration of Schwarz vaccine, which is reported to have specific postvaccination exanthem. This assumption
caused exanthem in 5% of subjects in Nigeria and is supported by the high incidence of exanthem
the USA, while in the present study it provoked (15.3%) following the administration of the placebo
exanthem in 45%. Similarly, exanthem was ob- in the present study, in contrast with the studies in
served in 11% of subjects in Nigeria and 74% in Nigeria, for example, where post-placebo exanthem
Czechoslovakia following the administration of the was recorded in only 5% of the control children
Beckenham 20 vaccine. Presumably, positive find- (WHO Scientific Group on Measles Vaccine Studies,
ings of exanthem are, more than other clinical 1963).
manifestations, subject to the frequency and careful- In the present study the exanthem observed in
ness of the examination of the skin during the critical 15.3 % of the control group was not clinically

TABLE 9
COMPARISON OF RESULTS OBTAINED WITH BECKENHAM 20 AND SCHWARZ

VACCINES AT THREE STAGES OF TRIAL

Beckenham 20 Schwarz

Observations 1st stage 2nd and 3rd stages 1st stage 2nd and 3rd stages

Number % Number % Number % Number %

Temperature
37.90C and over 40 81.6 31 83.8 34 61.8 21 61.8

37.9°C and over
(2 days or more) 35 71.4 15 40.5 20 36.4 13 38.2

Exanthem 36 73.5 26 70.3 20 36.4 20 58.8

Total number of children i 49 - 37 I 551 - 34 -

788



TRIALS OF MEASLES VACCINES IN CZECHOSLOVAKIA 789

distinguishable from the postvaccination exanthem.
Serological evidence was against an infection with
measles virus. Probably many of the transient
macular and papular efflorescences were of toxo-
allergic origin.
The high incidence of the other clinical signs in the

control group in the present study (see Table 5) may
have been due to the unfavourable epidemiological
situation at the time of the trial (an influenza
epidemic and outbreaks caused by adenoviruses
and RS viruses). This also made it very difficult to
evaluate the clinical signs following the administra-
tion of the different vaccines.
The fact that the incidence of complications was

highest in the group given placebo (see Table 6) is
considered incidental. The course of nine of the ten
complications was benign. The only exception oc-
curred in an 11-month-old child (L.Z.), who fell ill
with bronchopneumonia on the seventh day after
being given placebo and, despite antibiotic therapy,

developed a metapneumonic pyopneumothorax and
required long-term conservative treatment combined
with surgical treatment.
Another child (V.J.), aged 15 months, vaccinated

with Schwarz vaccine, displayed clinical signs of
encephalitis (increased temperature, convulsions last-
ing several seconds accompanied by cyanosis). An
electroencephalogram taken at the height of the
clinical manifestations recorded a diffuse abnor-
mality, which decreased within 10 days (first EEG
control) and disappeared within 21 days (second
EEG control). On biochemical examination, the
cerebrospinal fluid was normal. The child had been
born prematurely.

Since, in the present study, the incidence of serious
complications was minimal and the percentage of
peak temperature acceptable from the clinical point
of view it would seem that vaccination against
measles is feasible even in epidemiologically un-
favourable conditions.

RJcj,l-SUMIt

Organisee A l'initiative et avec I'appui de 1'OMS, une
enquete sur les vaccins antirougeoleux a ete effectuee en
Tchecoslovaquie au printemps de 1964.

Quatre vaccins: le vaccin Enders de souche Edmon-
ston B, administre seul ou en meme temps que de la
gamma-globuline, le vaccin Schwarz, le vaccin Becken-
ham 20 et le vaccin Milovanovi6 ont ete utilise's pour
vacciner 416 enfants ag6s de 8 mois a 3 ans, a l'exclusion
d'un groupe temoin de 85 sujets qui regurent du placebo.
Les differents vaccins se sont reveles fortement immuno-

genes, determinant un changement du sens de la sero-
reaction chez 91-100% des vaccines. Les titres moyens
les plus eleves furent obtenus apres emploi du vaccin
Milovanovi6, les plus faibles, apres vaccination par le
vaccin Schwarz.
Les reactions febriles post-vaccinales ne presenterent,

du point de vue clinique, aucun caractere de gravit6.
Moins frequentes apres la vaccination par les vaccins
Schwarz et Enders avec gamma-globuline, elles furent en
revanche nombreuses apres emploi du vaccin Becken-
ham 20, mais il convient d'observer que cette derniere
preparation fut injectee A dose superieure au debut de
l'essai. Le rash, peu intense, fut plus frequent avec les
vaccins Beckenham 20 et Milovanovic. Aucune difference
significative ne fut constatee sous le rapport de la fre-
quence des autres manifestations post-vaccinales, comme
le coryza, la pharyngite et l'amygdalite, entre les groupes
vaccines et le groupe temoin.
Chez 10 des enfants (dont 4 dans le groupe temoin),

des complications plus serieuses (bronchopneumonie
notamment) survinrent. Chez les vaccines, dans 3 cas, on
ne put exclure une influence eventuelle de la vaccination.
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