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SUMMARY
The results of immunization of 523 children from 9 months to over 5 years of age

with two attenuated measles vaccines, 'Denken' and 'Biken', are described. The
clinical reactions following vaccination with both vaccines were mild, but Denken
vaccine produced more rashes than the Biken vaccine. The serological conversion
was satisfactory for both vaccines but a higher titre of neutralizing and haemag-
glutination-inhibiting antibodies was found in children immunized with Denken
vaccine. The incidence of severe reactions or complications was negligible in this
trial. The immunity to diphtheria or tetanus was not altered by vaccination with
live measles vaccine.

INTRODUCTION

Since the introduction of the first live attenuated measles vaccine, Edmonston
B. Strain (Enders, Katz, Milovanovic & Holloway, 1960) several variants of this
vaccine, based on difference in number of passages of the same strain of virus in
susceptible host cells, have been developed (Schwarz, Moraten, Beckenham, further
attenuated Beckenham 31 and Milovanovic's strains). In Russia (Fadeeva,
Dadashyan, Lebedev & Zhdanov, 1960; Smorodintsev et al. 1960) vaccines were
prepared by adapting two different strains of measles virus isolated by Russian
workers to human and chick-embryo cell cultures. In Japan also 'Denken'
vaccine was developed by Matumoto et al. (1961; 1962) by attenuation of the
Sugiyama strain, originally isolated in monkey kidney cell culture. It later under-
went six passages in the same cell, six in human conjunctival-cell culture and 45
passages in primary bovine kidney cell. Another Japanese vaccine 'Biken' was
first introduced by Okuno et al. (1960) from supernatant of chick-embryo amniotic-
membrane emulsion. This strain was derived by 61 passages of the Toyoshima
strain in chick-embryo amniotic membrane.

Since the Schwarz and Beckenham vaccines have been widely used in rural areas
of Iran with a high percentage of protection (Nafyci et al. 1967) it was desirable to
study the effectiveness of and the reactions produced by the other existing
vaccines. This paper presents the results of clinical and serological follow-up of
children immunized with Denken and Biken vaccines.
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MATERIALS AND METHODS

Study population

The five villages called Hessarak, Mehrdasht, Soufiabad, Heydarabad and
Kamalabad located on a dry plateau area at an altitude of about 3000 feet, 40 miles
west of Tehran, and around the Razi Institute were chosen for this study. The
study population was made up of 523 healthy children, aged 9 months to 7 years,
evenly distributed between the two sexes and without a known history of measles
infection.

The vaccine trial was conducted at the end of January, when there was some
snow most days. The children and their mothers were brought by cars to the
dispensary of the Razi Institute, where vaccination was practised, and the children
of each village were divided into three groups. One group received Denken vaccine,
another group Biken vaccine and the last was injected with physiological saline.

Surveillance

The vaccinated children were observed by three physicians and 20 Public
Health technicians who did not know which vaccine had been administered.
Medical personnel were well trained to perform the follow-up examination. All
information was recorded on a card containing spaces for identifying information,
code numbers of vaccines, date of vaccination, daily temperature and significant
reactions. The initial survey revealed the occurrence of a respiratory disease in the
area. There was, however, no evidence of measles, diphtheria or any other infec-
tious diseases. Rectal temperatures were measured at 9 a.m. and 4 p.m. each day
from the 5th to the 19th day after immunization. All children with severe reactions
were examined by physicians.

Vaccines

The following two live measles vaccines were used: (1) Denken lyophilized
vaccine lot No. 2 A, generously granted by Dr Hashizuma, Chief of the Measles
Unit, Chiba Serum Institute, Ichikawa Chiba, Japan. (2) Biken lyophilized
vaccine lot No. 6803 kindly supplied by Professor Okuno, Director, Research
Institute for Microbial Diseases, Osaka University, Suita City, Osaka, Japan.

Physiological saline was used as placebo for inoculation of the children in the
control group. Both vaccines were shipped by air-freight in dry ice and were then
kept at — 20° C. until used. Children were immunized subcutaneously with
500 TCID 50 of vaccine in a volume of 0-25 ml.

Serological techniques

Paired bloods of 449 children (85% of the total children under study) were
collected immediately before inoculation of vaccine and 30 days later. The blood
was collected from finger pricks using paper disks as described previously
(Mirchamsy, Nazari, Stellman & Esterabady, 1968). All specimens were kept in
envelopes in a dry and cool place before use. Each pah1 of sera was tested by
neutralization and haemagglutination-inhibition tests.
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Neutralization test

Each disk of filter paper was soaked overnight at 4° C. in 0-8 ml. of sterile
distilled water and serum was removed by centrifugation. This dilution was
accepted as 1/4 serum dilution. Before each test this serum dilution was heated
at 56° C. for 30 min. Neutralization was performed in Vero cell cultures as follows.
Replicate monolayers containing 5 x 105 Vero cells grown in tubes, as described
previously (Mirchamsy & Rapp 1969), were infected with 0-2 ml. of a mixture of
equal amounts of 50 TCID 50 of Edmonston strain of measles virus and serum
dilution incubated for 1 hr. at 37° C. Serum dilutions of 1/16 to 1/1024 were used.
After an adsorption period of 1 hr. at 37° C. 1-3 ml. of maintenance medium was
added to each tube. Observation of cytopathic changes was made for 7 days.
The neutralization titre (NT) was expressed as negative log, to base 2, of the serum
dilution.

Haemagglutination-inhibition (HAI) test

Haemagglutinin (HA) was partly purchased from commercial laboratories and
partly prepared according to Rosen's Technique (Rosen, 1961) but using Vero cells
instead of KB cells. Three lots of virus prepared by this technique had haemag-
glutinin titres of 1/64, 1/32 and 1/64.

For the haemagglutination test we used a 0-5 % (v/v) suspension of vervet
monkey erythrocytes in phosphate-buffered saline (PBS). The HA titre was
determined by incubating at 37° C. a mixture of 0-2 ml. of each of twofold
serial dilutions of HA and 0-2 ml. of 0-5 % red cell suspension. The test was per-
formed in special Plexiglass plates (Flow laboratories) made for HA titration and
was read after 2 hr. The highest dilution showing complete agglutination of cells
was considered to contain one HA unit.

Equal volumes of 0-2 ml. of the 1/4 dilution of serum to be tested and a
25% (w/v) suspension of acid-washed kaolin in PBS (pH 7-2) were mixed, shaken
for 20 min. at room temperature, and centrifuged at 2000 rev./min. for 15 min.
The clear supernatant was used as treated serum. For the HAI test, 0-1 ml. of
twofold serial dilutions of the treated serum was mixed with 0-1 ml. of haemag-
glutinin containing four HA units. The tubes were incubated at 37° C. for 1 hr.,
0-2 ml. of the monkey erythrocyte suspension was added, and the tubes were
incubated at 37° C. for 2 hr. and at 4° C. overnight. The HAI titre was expressed
as the negative log2 of the highest serum dilution showing complete HA inhibition.
In each test, HA titration, standard serum titration and red cell controls were
included. This test was performed with dilutions of each serum from 1/8 to 1/1024.

Standard serum

The pooled sera of five adults with high neutralization and HAI titres was
distributed in ampoules of 0-5 ml. and was kept at — 20° C. In each test a sample
of this serum was used as standard serum.
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Diphtheria and tetanus antitoxin titration

In order to follow possible variations in immunity to diphtheria and tetanus due
to measles immunization, 56 pairs of sera of children under measles study, having
a know history of immunization against diphtheria and tetanus, were selected for
antitoxin titration according to the procedure described earlier (Mirchamsy et al.
1968).

RESULTS

Study population

The assessment of the study group according to vaccines used is as follows: of
523 children initially immunized, 272 received Denken vaccine, 161 were immun-
ized with Biken vaccine and 90 received physiological saline as placebo. Of 272

Table 1. Age and sex distribution of inoculated children

Age
Type Sex

of , *
vaccine Inoculated Female Male

Denken
Biken
Placebo

272
161
90

124
78
37

148
83
53

9-12
months

71
41
27

> 1-2
years

65
43
24

> 2-5
years

68
41
18

> 5
years

68
36
20

Type of
vaccine

Denken
Biken
Placebo

Table 2. Number of children developing pyrexia

Pyrexia
No. of

children
clinically
assessed

249
138
72

37-4-38° C.

No.

177
64
44

o//o

71
46
61

38-39° C.

No.

34
24

14
17
5-6

> 39° C.

No.

9

o//o

3-6
5-8
5-6

Table 3. Distribution of children by incubation periods of pyrexia

Type of
vaccine

Denken
Biken
Placebo

Onset
mean days

9 1 1
9.4

Mean duration
of pyrexia

(days)

3-83
2-66
1 1 7

Mean duration
of maximum
temperature

(days)

2-7
2-4
1

children immunized with Denken vaccine, 249 were clinically observed, paired
blood samples were obtained from 256 children, 13 of them had measles antibodies
before immunization and were excluded from the analysis. Of 161 subjects
vaccinated with Biken vaccine, 138 were clinically examined, 159 paired blood
samples were collected before and 30 days after immunization, 15 children had
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natural measles antibodies and were not included in this study. Of 90 placebo
group, 72 were in the clinical follow-up, 76 paired samples of blood were collected
but because five children of this group had natural measles antibodies, 71 pairs of
blood samples were included in our study. The age and sex distributions of children
are shown in Table 1.

Clinical response

The clinical findings are summarized in Tables 2-6. The onset of fever was 9-11
and 9-4 days on the average after immunization with Denken and Biken vaccines
respectively (Table 3). The duration of fever was 3 to 4 days for both vaccines in

Table 4. Pyrexia variations according to age group

Type of
vaccine

Denken
Biken
Placebo

Denken
Biken
Placebo

9-12 months

Mean
duration

(days)

4
3
1

>

4
3
2

Table 5. Symptoms

Type of
vaccine

Denken
Biken
Placebo

No. of
children

assessed No.

249 66
138 12
72 1

>

Mean max. Mean
fever duration
(° C.) (days)

38-1 3
38-5 4
38 3

2-5 years
A

38-3
38-1
38

reported 7-18

Rash
A

o//o

26-5
8-7
1-4

2
1
1

1-2 years

Mean max
fever
(°C.)

37-4
38-3
37-9

> 5 years

38
37-5
37-7

i days after immunization

Koplik
A

No. %

5 2
3 2 1

Coryza
A

No. %

40 16
17 12-3
6 8-3

Table 6. Reactions and complications of live Denken and Biken
measles vaccines in children under 2 years of age

Rash Koplik Coryza
Type of
vaccine

Denken
Biken
Placebo

No. of
children

120
42
42

No.

29
9
1

A

^

/o
24-1
21-4

2-4

t

No.

2
2

/o

1-7
4-7

N o .

27
12
5

A

/o

22-5
28-6
11-9

children under 5 years, 2 days for Denken and only 1 day for Biken in children
over 5 years (Table 4). The pyrexia was mild in immunized children; as a matter of
fact the majority of febrile reactions were mild, not exceeding 37-4-38° C. during
the period of observation (Table 2). There was, on the other hand, the same range
of temperature for the same percentage of controls. The pyrexia of the control
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group, as well as coryza, cough and diarrhoea, was due to respiratory infection
that was endemic in the area at the time of the study. The temperature of 38-39° C.
was observed in 14, 17 and 5-6% of subjects immunized with Denken vaccine,
Biken vaccine and in the placebo group respectively. Despite the fever, malaise or
lack of appetite was not observed. An exanthem was recorded in 66 out of 249
patients (26-5%) immunized with Denken vaccine; this reaction was much lower
following Biken vaccination, since only 12 of 138 children (8'7 %) showed the
exanthem (Table 5). The duration of rash ranged between 1 and 3 days. It appeared
first on the face as a mild maculopapular eruption. In no instance did the rash
produce any disability. The Koplik spots were noticed among 2% of children
immunized with either vaccine (Table 5). No evidence of central nervous involve-
ment, bacterial infections, otitis or any other sequelae were observed in the
vaccinated children.

Serological findings

In a preliminary study a comparison was carried out between neutralization,
haemagglutination-inhibition and complement-fixation (CF) tests in some sera of
children and adults. It was found that when Vero cells were used for the neutraliza-
tion test as described above, a close correlation existed between neutralization
titre and HAI titre if only 10-50 TCID 50 of Edmonston measles virus was used as
test dose. In this case the test was performed in 5 days without need of changing
medium. The tubes were read each day for cytopathic effect and the neutralization
end point was determined when only 1/10 virus test dose showed 50 % cytopathic
effect in virus titration. With regard to the CF test, lower titres were obtained
when four units of CF antigen were used. The results of CF tests were not included
in this study. Comparison was made between NT and HAI tests, and Tables 7 and 8
show the range of seroconversion following administration of Denken and Biken
vaccines. The seroconversion was 94-2 % (NT) and 91-7 % (HAI) following vaccina-
tion with Denken; 81-5 % (NT) and 78-5 % (HAI) after immunization with Biken.
None of the children in the placebo group showed seroconversion. The existing
titres against diphtheria and tetanus were not altered following immunization with
live measles vaccine.

DISCUSSION

The high mortality due to natural measles complications, exceeding 10,000 cases
a year in Iran (Nafyci et al. 1967) justified a regular mass campaign against the
disease in remote rural areas of the country. Since 1965, attenuated and further
attenuated measles vaccines have been successfully tested and widely used in
various regions of Iran. In a comparative study Nafyci and his associates (1967)
have noticed more severe reactions with attenuated measles vaccine than with
further attenuated vaccine, and a high conversion rate for Edmonston B, Becken-
ham 31 and Schwarz vaccines in children of rural communities around Tehran.
The present trial was designed to evaluate the two Japanese live measles vaccines
'Denken' and 'Biken', to compare their clinical and serological reactions with the
other vaccines already studied and to examine the possibility of large-scale use
of these vaccines. The study was carried out at a time when the incidence of a
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respiratory disease was high in the area but measles outbreaks had not been
observed for 2 years. Both vaccines have been widely used in Japan. The incidence
of clinical reactions in our study for Denken vaccine was lower than that observed
in Japan (Matumoto et al. 1961; 1962). By inoculation of 0-1 to 10 TCID 50 of the
Sugyama strain adapted to primary bovine renal cells, Matumoto and his associates
(1962) have observed 70 % incidence of pyrexia and 65 % of rash among susceptible
children of various age groups. These results are comparable with those noticed
for the Edmonston B strain by Enders and for the Leningrad 4 strain used in
Russia. The difference in incidence of fever and rash between our results and those
of Matumoto and his associates can be attributed to the difference in passage
numbers of the Sugyama strain in bovine renal cells. While these authors used the
virus at its 28th passage in bovine kidney cells, the vaccine supplied by the Chiba
Institute for this study has been prepared with the same strain at its 72nd passage
in primary bovine renal cells. The average time of onset of rash recorded by
Matumoto et al. was 13-4 and 18-5 days when 10 and 1 TCID 50 of virus were
inoculated respectively. In our trial this average was reduced to 9-11 days, most
probably because each dose of vaccine administered contained 500 TCID 50 of
Sugyama virus. The persistence of rash, on average 3 days, is similar to the finding
of the Japanese workers. The attenuated measles vaccine ' Biken', first developed
by Okuno et al. (1960), was derived from the Toyoshima strain of measles virus.
This virus was propagated in the amniotic membrane of the developing chick
embryo. The Biken vaccine has been largely used in Japan and in Thailand
(Ueda, Hosai, Minekawa & Okuno, 1966) but to our knowledge in most field
trials this vaccine has been used either by inhalation or after administration of a
killed measles vaccine. In both cases the reactions were mild or inapparent. The
seroconversion, on the other hand, was satisfactory especially when live Biken
vaccine was used as a challenge vaccine, 3—4 weeks after inoculation of the killed
vaccine. In our study the clinical reactions due to Biken vaccination were mild and
similar to those observed for Denken vaccine. However, rash appeared in only
8-7% for Biken vaccine compared with 26-5% after Denken vaccine.

The serological responses are shown in Tables 7 and 8, from which it is evident
that both vaccines had a strong immunogenic effect. There was a satisfactory
correlation between NT and HAI antibodies; however, the neutralization test,
which is more accurate, showed a somewhat higher percentage of seroconversion
than the HAI test. This difference may be attributed to the presence of some non-
specific inhibitors which were not totally removed by kaolin. The close correlation
between NT and HAI tests confirms the similar finding of Kunita, Kitavaki,
Funahashi & Toyoshima (1963).

It is also evident that a better serological response was obtained after immuniza-
tion with Denken vaccine. We believe however that the stability of immunity will
not be altered by the rather low antibody titres recorded for children immunized
with Biken vaccine. Since the correlation between HAI activity and the immune
response is controversial (Norrby, 1964; Parisius & Macmorine, 1969) it was more
accurate to evaluate the immune response by neutralization test. From the data
presented we can assume that the effectiveness of Denken and Biken vaccines is

https://doi.org/10.1017/S0022172400028552 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400028552


Live measles vaccine 109

similar to that of Schwarz and further attenuated Beckenham 31 vaccines pre-
viously studied in the same region around Tehran.

It is a matter of interest to compare data presented here (Table 6) with similar
results observed by Nafyci and his associates (1967) with regard to the reactions
and complications of attenuated and further attenuated measles vaccines in
children under 2 years of age. Both trials have been made in the same plateau area
of 3000 feet elevation. In our study 24-1% and 21-4% rash, 1-7% and 4-7%
Koplik spots were found after immunization with Denken and Biken vaccines
respectively while 50 % and 45 % rash, 7 % and 5 % Koplik spots and 8 % and 7 %
otitis were recorded by Nafyci et al. following vaccination with Edmonston B and
Beckenham 31 vaccines respectively.

The immunization with live measles vaccine did not depress the immunity to
diphtheria or tetanus.
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