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ABSTRACT. Two live attenuated measles vaccines deve-
loped in baby calf kidney cells, a similar vaccine pro-
duced in chick embryo chorioallantoic cells and five
vaccines prepared from human diploid cells (HDC) ave
been studied by subcutaneous injection in groups of sus-
ceptible and immune children in three field trialz. The
results indicated that the vaccine develcped 1in chick
embryo cells which caused mild clinical reactions, had
induced a lower protection rate in susceptibis chiil-
dren and only a low rise in hemagglutination-inhibition
(HI) antibody titre in previously immunized children.The
serological responses induced by vacines developed in
HDC or in calf kidney cells were satisfactory in ireth
susceptible and immune children. The superiority cof HDC
grown measles vaccine for revaccination is discusce~.
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INTRODUCTION

In two separate field trials to evaluate two live
attenuated measles vaccines, it was found that susceptible
children vaccinated with a further attenuated vaccine
showed few clinical symptoms but low rates of HI
anti-body were induced. The same vaccine provoked a poor
anamnestic response in previously immunized subjects .
These experiments were repeated in a comparative study
with five attenuated measles vaccines produced in HOC .
The clinical and- serological responses of these vaccines
in susceptible infants have been reported before (Mirch-
amsy et al . 1977). The boosting effects of these vaccines

are discussed in this report.
METHODS  AND MATERIALS

Subjects and vaccines strains

The study population for the first and second field
trials were 523 and 193 children, respectively,from five
villages near the Razi Institute. For the first  survey
the Denken lyophilized vaccine containing the  Sugiyama
strain at the 72nd passage in baby calf kidney cells(CK),
lot no.2A was supplied by the Chiba Serum Institute in
Tokyo and the Biken lyophilized vaccine, lot no.6803,was
received from the Research Institute for microbial Dise-
ase, Osaka University. For the second field trial the
Sugiyama strain at its B2nd passage in CK, produced at
the Razi Institute was used. Children were immunized
subcutaneously with 500 TCID., of vaccine in a volume of

50
0.25ml as previously reported (Mirchamsy et al.1970,1974).
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For the third field trial several villages in the Caspian
Sea area in the north of the Islamic Republic of Iran
were seclected. Healthy children aged 10 months to 6
years, evenly distributed between the two sexes and wi-
thout a known history of measles infection,were randomly

allocated to one of the five groups.

Measles vaccines made in HDC

Five attenuated measles virus strains were isolated
in MRC-5HDC human diploid cells directly from the ori-
ginal vaccines and propagated to make experimental vac-
cines . Details have been given elsewhere (Mirchamsy et
al.1977). Briefly their passage histories were:

AIK-C vaccine, lot no. TV12, supplied by Dr.S. Ma-
kino of Kitasato Institute, Tokyo, was an enders-tdmons-
ton virus which had been further attenuated by Makino,
Sasaki & Nakamura (1973a,b). The history of its attenua-
tion in sheep kidney cells and its adaptation to chick
embryo culture has been published (Mirchamsy et al.1977)

Biken vaccine developed by Okuno et al. (1960) was
derived from the Toyoshima strain of measles virus pro-
pagated in the aminiotic cavity of developing chick
embryos.

Leningrad-16 vaccine, lot no.69-6 was supplied by
the Moscow Research Institute as lyophilized virus.

Schwarz vaccine (Rouvax), lot no.Y0616,manufzacturac
by the Mérieux Institute, Lyon, france was obtained th-
rough the Ministry of Health, Tehran.

The Sugiyama strain was adapted by Matumoto et al.
(1962) to CK cells. A cold variant of this strain was

isolated after elution of virus from aluminium phosphate
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and purificaﬁﬁdﬂ by limiting dilution (K.Myamura et al ,
pers. com.). This strain, called 5F100, was supplied by
Dr. S.Hashizume of the Virus Department , Chiba  Serum
Institute, Japan. The virus was isolated from lot 53-10
of vaccine prdduced after two further passages of 5F100,

virus in CK ceIls at the Razi Institute.

Vaccine proddﬁéion

The above 'strains were subcultured (0.1-0.01 plaque
-forming unitg/cell) five times in MRC-5 cells at 33°C
(except the Sﬁéiyéma strain which was incubated at 30°C).
The final medlun for virus culture was Parker’s 199 con-
talnlng 0.2% gelat1n, kanamycin 50 g/ml and neomycin
50 g/ml F;ﬁe experlmental batches of vaccines were
lyophilized. 'end their infective titres were found to be
between 103 7 and 104 -2 TCID /dose The safety of each
batch was asseaued by the monkey test using Cercopithecus
aethiops monkuys (imported from Chad) which had  been
shown to be-negntlve for measles HI antibody.Two monkeys

were inocu}agup'by both the intrathalmic and intraspinal

. The animals were killed after
3 weeks. and*ﬁbﬁghraxn and spinal cords were examined for
lesions. Nan;HﬁtB~found . The absence of virulence of
each strain;wi&%@bnfirmed by looking for evidnece of con-
tact infectioq&;Tho monkeys were inoculated with 5000-10000
TCID50 of eacﬁfbxperimental vaccine and were kept in se-
parate cages: iwth two uninoculated monkeys free from
measles antlbody. One month later the sera of all contact

monkeys were free from measles antibody.

Serological teéfinﬁ
Blood sampiés were collected from the children

Lo
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immediately before immunization and 30 days later. The
blood was collected from finger pricks on filter paper
disks as described previously (Mirchamsy et al. 1968)

Details of HI test have already been reported (Mirchamsy
et al. 1977). A fourfold or greater rise in HI titre was

accepted as a significant increase.
RESULTS

Our first and secrond trials have shown that vaccines
based on the Sygiyama strain either received from Japan
or manufactured locally initiated seroconversion rates
of 91.7 and 96.0% in susceptible children with a geometric
mean titre (GMT) of 7.38 and 7.0 log, respectively. It
was also noted that a fourfold or greater increase in an-
tibody titre was found in 50 and 79% of subjects with
previous history of measles (by natural infection or by
vaccination) following inoculation of these two vaccines
(Table 1). There was no change in HI  titre following
vaccination in 35 and 21% of children while a reduction
of HI titre was noticed in 15% of children who were im-
munized with the Sygiyama vaccine imported from Japan .
with the Biken vaccine the seroconversion rate in  sus-
ceptible children was 78.5% and the GMT was 5.89 log2
In immune children, while only 28% showed an increase of
HI antibody following revaccination. in 58% of vaccines
no changes in antibody titre occurred within 1 month after
vaccination and in 14% of subjects a decrease in HI titre
was noticed. Therefore a difference in potency between
the Biken and Sugiyama vaccines was evident (P 0.05)

The clinical reactions following injection of the Biken
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vaccine were mild with a rash appearing in only 8.7% for
the Biken vaccine compared with 26.5% following administ-
ration of the Denken vaccine. The seroconversion rate and
the GMT following the Biken vaccine were also lower than
those obtained after the used of the Denken vaccine (Mir-
chamsy et al. 1970).

In the third field trial . Following vaccination with
the five vaccines produced in HDC, the seroconversion
rates in susceptible children were between 95 and 100%
with a GMT varying between 5.2 and 6.5 logz. In those
with previous history of measles, a fourfold or higher
increease in HI titre in 79.86 and B7% were noted forthe
Schwarz, AIK-C and Sugiyama strains respectively . In
contrast, the Biken and Leningrad-16 measles viruses also
adapted to HDC showed increases of HI antibody in 48 and
47% . Adaptation of 3 out of the 5 strains of attenuated
measles virus to HDC has apparently increased the immu -
nogenicity of these viruses because a fourfold increase
in HI antibody was noted in mst of the reimmunized chil-
dren 1 month after revaccination at which time the dec-

rease in titre was nil or negligible .

—26-



Table 1. Serological response following immunization and reimmunization with different

types of live attenuated mesles vaccines.

Immune children

Susceptible children

o

HI titre (%)

.

Type of "No. Seroconversion GMT* No. o
vaccine tested (% log2 tested rincrease No.change Decrease‘
Sugiyama CK72 243 91.7 7.38 20 50 35 15
(Japan)
‘Sugiyama CKB82 85 96.0 7.0 14 79 21 0
(Iran)
Biken (Japan) 135 78.5 5.89 14 28 58 14
- Sugiyama 5F100/ 158 95.6 5.7 24 87 8
HDC-5
Biken/HDC-5 140 95.5 5.6 64 48 42 10
AIK/HDC-5 133 100 5.2 51 86 14 0
Schwarz/HDC-5 178 96.7 6.5 58 79 21 0
Leningrad 16/ 163 100 6.4 51 47 53 0
HDC-5

* GMT , Geometric mean titre.
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DISCUSSION

Since the rates of Seroédnversiqn and protection
induced by the usual atténuated virbs,véecines was found
to be 1nsuff1c1ent(L1nnemann et al. 1972; Cherry et al.
1972, 1973), the idea of revacclnatlng children with at-
tenuated vachnes'was suggestedby Immunization practices
Advirody Committéé.of the United States of American in
1977 (CDC, 1977) The committee’s .advice was to 'give the
vaccine to all, schoﬁl-chlldren From kindergarten to high
school . 1nclusive, w1thout refe:ence bo previaus history
of vacc1nat1bn nr nstural infection® and 'administration
of the v3001ne to chlldren who have already had the
natural dlsease ar a "dose of live vxrds vaccine(for which
there 1s no record ) can do no harm and may give a boost
to their 1mmun1ty ﬁccordlng to the ﬁcalth authorities
the reason for ‘the 1ncrease in, measres cases and its more
widespread occurrende in 1986 in the Unlted States was
partly due: to vnccine failure (coc, 1986). The widespread
recurrence oﬁ‘measles epldémlcs ‘can. play ‘the role of
booster for pr¢v1ously vancxnatqd chaldrﬂn However, it is
evident that:ﬁatint vacrxnes ar¢ neeaed for controlling
the measles- epxdem1e$ uhlch are not Tar! among previously
immunized cOmmunltles A SU1table vac1ne should  induce
a high seroconvers10n rate and a geumetrlc mean antibody
titre high enough ta per31st for many ‘years and, prefe-
rably, for llfe, Wlth some exceptlon most live attenuated
measles vacclnes presentlnq in use are produced in chick
embryo flbroblast (tEF) cells Whether attenuated measles
virus retains a stable 1mmunogen1c1ty after repeated pa-

ssages in CEF is a very important facet of the production
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of vaccines. Withitﬁé Edmonsfonfstraiﬁ, furtﬁer attenua=
tion was not detected at its 53rd passage in CEF (Gaffe
& Laurence, 1961} and,only became evidnnt after over 90
passages (Schwarz, 1962) The Beckenhnm 20 straln, a de-
rivative of the Edmpnston B virus, wae exceptionally in
being suspected to que reverted to full virulence during
some of its passages'.in CEF and the related vaccine was
therefore withdrawn from the market leading(Article 1969).
The Chinege: further attenuated strain Chang 47 re-
tained its 1mmunogen101ty from the 25th up to the 56th
passage in CEF while for another strain, Chang 12,stabi-
lity was noted only betueen the 16th and 46th passage
(Hsin-Chum, 1975} Be31des the fluctuatxons in stability
which may .impair. the 1mmunogpn1c1ty of n vacclne strain,
the number of v1rus pprtxcles 1n3ected Lnto-u susceptible
host haes a consideﬂubie pf?ect on-the evolutlon of ‘the
clinical reactions and the level of meunuganlclty Bot-
tiger et al. (1973) have observed that 1000 TCID / dose
of Schwarz vaccine (which' is-a recommended dose aaxndlng
to international standards, did not 1nduce seroconversion
in 15% of susceptlble children,” 5000 TCIDSO,/ dose induced
substantial amonts nf HI. entxbody in 95% of susceptible
vaccinees and causes only a woderate cliniral reaction.Fi-
nally when 12000 TC1050

given, the 1nc1den9e of fever and rash were.respectively,

/ dose of the same vaccine was

about two and four.tfmeS'higher in previgusly immune chi-
ldren. In a comparative study of .the Schwarz vaccine made
in CEF and the HDC#?p@bnstonflagfeb vaccine  used to
immunize 4-to 264-month old children, Sabin et al. (1984)
found that after tﬁeuHﬁC‘vaccine; more children had

increased titres_(é?%) than decreased titres (13%) in
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the 4-to 6-month age group while 53% had increases versus
16% with reduced levels in the 12-to 24-month age group.
After the CEF vaccine,only 16% showed an increase versus
25% with a decrease in the 4-to 6-month age group and 34%
with an increase versus 52% with a decrease in the 12-to
24—month age group. The authors concluded that the Schw-
arz strain of measles virus is unsuitable for immunization
of infants younger than 6 months, while very high sero-
conversion rates were obtained with the Edmonston-Zagreb
strain, developed in HDC, in 5- and é6-month-old infants
(89 and 100% respectively), 14 weeks after vaccination .
Our findings with the five strains of measles viruses
adapted to HDC and inoculated into both susceptible and
immune children demonstrates the superiority of vaccines
produced in HDC. The results shown in Table 1 indicate
that Schwarz, AIK-C and Sugiyama measles vaccines produ-
ced in HDC initiate 95.6-100% seroconversion rates in
susceptible children and provoked 79,86 and B7% increase
in titre as against 0.0 and 5% decreases respectively

The Biken strain adapted to the amniotic cavity of  the
developing chick embryo only induced seroconversion in
78.5% of susceptible children and an increase of 28% HI
antibody titre in immune infants. The Biken vaccine has
been widely used in Japan and in Thailand (Ueda et al.
1986) but we understand that,in most field trials, this
vaccine has been given either by inhalation or after ad-
ministration of a killed measles vaccine. In both cases
the reactions were mild or inapparent. In our study also
the clinical reactions due to the Biken vaccination were
mild . The vaccine manufactured from the same strain and

adapted to HDC demonstrated a seroconversion of 95.5%
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and an increase in titre in 48% and a decrease in 10% .
The Leningrad-16 strain which has apparently been adapted
to HDC, gave 100% seroconversion, in titre in 47% incre-

ase versus a decrease in 0% of immunized subjects.
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