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SUMMARY

We have investigated the relationship between biological characteristics and the nucleotide
sequences of the fusion (F), small hydrophobic (SH), and hemagglutinin-neuraminidase (HN)
genes of the Hoshino vaccine related strains. No nucleotide change was observed after five pas-
sages in Vero cells or after eight passages in chick-embryo cells. After five passages in HeLa cells,
one nucleotide changed with amino acid (AA) substitution from Ala to Asp at the 521 AA posi-
tion and this change was preserved after 18 passages in HeLa cells. Among eight clinical isolates
from patients with vaccine-associated parotitis or aseptic meningitis, 6 of 8 (75%) showed
nucleotide changes at different positions in those genes. Four of them showed the same changes
from Ser to Ile at the 65 AA position of the HN gene. One had two AA changes from Gln to
Arg at the 159 and from Met to Leu at the 366 positions in the F gene, and the other one had
a nucleotide change in the 3'-end of the F non-coding region. There were no nucleotide changes
of the SH gene in any of the cases. The vaccine seed strain had small plaques and all vaccine-
related isolates had large plaques. However they demonstrated similar characteristics of virus
growth at different temperatures, 33°C and 40°C. The results suggest that the nucleotide changes
in F, SH and HN genes observed in vaccine associated clinical isolates had no direct relation-
ship with their biological characteristics. Further analysis in the phosphoprotein (P), large pro-
tein (L), and nucleocapsid protein (N) is necessary.

(M), fusion (F), small hydrophobic (SH),

INTRODUCTION hemagglutinin-neuraminidase (HN) and large

The mumps virus belongs to the family of
Paramyxoviridae, genus Rubulavirus, which is
a single stranded negative sense RNA virus
consisting of seven component proteins,
nucleocapsid (N), phosphoprotein (P), matrix

(L) proteins”. Mumps virus particles have two
surface envelop proteins of F and HN which
play a critical role in the process of infection.
The virus infection is initiated at the cellular
surface membrane with attachment of virus
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HN protein to the virus receptors. The virus F
protein induces fusion with cell membranes in
association with HN protein and then the virus
genome penetrates into host cells* ¥, Putative
SH protein was found in infected cells but not
in the particles. The sequence of nucleotides
in the SH gene was more heterogeneous than
in the other regions®". SH protein is now con-
sidered to have an activity to promote virus
assembly and budding. These three compo-
nent proteins have crucial structural proteins,
and mutations in these regions may affect the
biological activity of the mumps virus.

Mumps virus infects glandular tissues includ-
ing the salivary glands, testicles, ovaries, pan-
creas and the central nervous system and
causes parotitis, pancreatitis, ependymitis,
deafness and aseptic meningitis. In Japan, live
attenuated monovalent mumps vaccines were
licensed in 1981 and measles-mumps-rubella
(MMR) trivalent vaccines were introduced in
1989. Although the MMR vaccine has clinical
benefits, it was discontinued because of an
unexpectedly high incidence of neurologic
complications of aseptic meningitis”. Approx-
imately one in 1000-2000 recipients developed
aseptic meningitis after MMR vaccination in
Japan. However, the reason for the high inci-
dence of vaccine-associated complication after
immunization of mumps vaccine is still
unknown. The Hoshino vaccine strain was
established through plaque purification
method at 33°C by Sasaki”. The biological dif-
ferentiation of vaccine strains from wild strains
depended upon the plaque size or different
virus growth at 33°C or 40°C. We previously
reported that several vaccine strains isolated
from patients with vaccine-associated illness
produced large plaques and that vaccine
related strains did not always demonstrate
small plaques®.

In order to know whether vaccine strains
would mutate during virus replication in host
human cells, we investigated the nucleotide
sequences of the F, SH and HN protein
regions among the Hoshino vaccine strains
which were obtained from patients with com-
plications after vaccination. In addition, we
investigated the vaccine strains propagated in
different cell lines. We also examined plaque
size and virus growth to compare the biologi-
cal characteristics.
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MATERIALS AND METHODS

Materials

This study consisted of six Hoshino vaccine
strains with different passage histories. KO3-0
was a Hoshino vaccine seed strain and KO3-
8CH was propagated after eight passages in
chick embryo cell cultures in the same man-
ner the procedure for vaccine production.
KO3-1HL, KO3-5HL and KO3-18HL were
propagated in Hela cell cultures after the
first, fifth, and 18th passage, respectively. KO3-
bVero was also propagated after the fifth pas-
sage in Vero cell cultures. Six samples (AP-1,
AP-2, AP-3, AP-4, AP-5, AP-6) were obtained
from nasopharyngeal swab (NPS) of patients
with acute parotitis and two samples (AM-1,
AM-2) were obtained from cerebrospinal fluid
(CSF) of patients with aseptic meningitis
within 4 weeks after vaccination with the
Hoshino strain. Virus isolation was performed
using Vero cells. Briefly, 0.1 ml of NPS or CSF
was inoculated on monolyer of Vero cell cul-
ture of 24 well plate in duplicate. Cytopathic
effects were observed within two passages in
above 8 samples and they were identified as
mumps virus by neutralization test with hyper-
immune rabbit serum against mumps virus.
Virus isolation and passage were done in
5%CO, atmosphere at 37°C. Clinical isolates
were used within five passages. These eight
clinical isolates produced large plaques and
they were identified as the Hoshino vaccine
strains by our method of RFLP in the HN
gene”, which was reported for the genetic dif-
ferentiation of the Hoshino vaccine strain
from wild strains of the mumps virus in the
part of the HN gene. Seven wild strains were
used for the control of biological activity.
PCR and Nucleotide sequencing

Total RNA was extracted from 200 ul of NPS,
CSF and from virus cell culture fluids, as
reported by Chomeczynski et al '”. The RNA
pellet was resuspended in 20ul of sterile dis-
tilled water and bul of RNA was applied for
cDNA synthesis. Genomic RNA was reverse-
transcribed to ¢cDNA with AMV reverse tran-
scriptase (Life Sciences Inc. St Petersburg, FL,
USA), using a positive sense primer located at
the 3" end of the M gene for F gene analysis
and using positive sense primer located at the
3" end of the F genes for SH and HN sequenc-
ing. PCR was done using a set of primers which
were designed to produce approximately 600
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nucleotides and to analyze the full span of the
F, SH and HN genes. The -21M13 forward type
universal primer sequence aligment was
attached at the 5" end of mumps virus specific
sequence. The first three cycles were at 90°C
and 56°C each for 1 min, and then 73°C for
1.5 min. They were followed by 35 cycles (at
94°C for 45 sec. at 58°C for 1 min. and at 73°C
for 2 mins) with a final additional extension
period of 5 mins at 73°C, using DNA thermal
cycler (PCR Thermal Cycler MP, TaKaRa Co.
Ltd., Tokyo, Japan), as previously reported®.
PCR products were electrophorased through
1% agarose gel (Low melting, FMC Bioprod-
ucts Corp., Rockland, ME) and were then
excised from the gel. Direct sequencing was
carried out, using a Taq Dye Primer Cycle
Sequencing Kit (Applied Biosystems Japan
Inc., Tokyo, Japan), and was analyzed with an
automated nucleotide analyzer, the 373A DNA
sequencer (Applied Biosystems, Foster City,
CA, USA).
Plaque size assay

A monolayer of Vero cells was inoculated
with 0.5 ml of culture fluids diluted serially by
1:10 in 60-mm plastic plates. An overlay of 5
ml of MEM supplemented with 2% calf serum
and 0.5% agarose was added. After 7 days of
incubation at 37°C in 5% CO,, the overlay
agarose was removed and the plate was incu-
bated with rabbit antiserum to mumps virus.
The plate was stained with biotinylated anti-
rabbit IgG immunoglobulin, using Vectrastain
Elite ABC Kit (Vector Laboratories, Inc.,
Burlingame, CA, USA).
Virus growth

Virus samples were inoculated in monolayer
of Vero cells in 6-well plates, and incubated in
5% CO, at 33°C or 40°C. Culture fluids were
obtained on days 1, 3, 5 and 7 of culture. Infec-
tivity was calculated by the Reed-Muench
method in 48-well plates of Vero cells culture

at 37°C, depending upon the appearance of
CPE.

RESULTS

Hoshino vaccine strains

Table 1 shows the nucleotide changes among
the Hoshino vaccine strains which were prop-
agated through different cell passages. No
nucleotide change was demonstrated among
KO3-8CH strain (eight passages in chick
embryo cell culture), KO3-5Vero (five passages
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Table 1 Changes of the nucleotide sequences of

Hoshino vaccine strain

KO3-8CH —
KO3-6Vero -
KO3-1HL —
KO3-5HL HNb521 (Ala = Asp)
KO3-18HL HN521 (Ala => Asp)

in Vero cell cultures), and KO3-1HL (first pas-
sage in Hela cell) in comparison with seed
strain (KO3-0). KO3-5HL (after five passages
in HeLa cells) had a nucleotide change with
amino acid substitution from Ala to Asp at the
amino acid position of 521 of HN gene. This
change was preserved after 18 passages in
HeLa cells.
Clinical isolates

Table 2 shows the changes of nucleotide
sequences of clinical isolates from patients
with complications after vaccination in com-
parison with the seed strain (KO3-0). Strains
AP-1 and AM-2 had the same sequence in the
F, SH, and HN regions as the seed strain (KO3-
0). Strain AP-2 had a nucleotide change at the
3" end of F non-coding from AAACTAAATT to
AATCTAAATT. The underlined sequence of
CTAAATT is the intergenic sequence between
the F and SH genes. Strains AP-3, AP-4, AP-5,
and AP-6 had a common amino acid change
from Ser to Ile (HN65) in the coding region.
Strain AM-1 had two amino acid substitutions
from Gln to Arg (F159) and from Met to Leu
(I'366).
Plaque size test

The results of the plaque size test are shown
in Figure 1. KO3-0 produced small plaques (<
1.0 mm of diameter) and KO3-8CH produced
mainly small plaques mixed with medium
plaques. Otherwise KO3-1HL, KO3-18HL and
clinical isolates (AM-1, AM-2, AP-1, AP-2) had
large plaques, which were larger than 2 mm at
diameter. The remaining AP-3, AP-4, AP-5, and
AP-6 showed also large plaques (data not
shown).
Virus growth

The virus growth was examined and the
results of the virus growth of the vaccine
related strains of AP-6 is shown in panel Vac.
Those of one wild strain are also shown in the
panel Wild in Figure 2. The vaccine related
strains (the seed strain and all the clinical iso-
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Table 2 Changes of the nucleotide sequences of post-
vaccination clinical isolates

AP-1 (Parotitis) —

AP-2 (Parotitis) F-AAACTAAATT-SH =
F-AATCTAAATT-SH

HNG65 (Ser = Ile)

HNG5 (Ser = Ile)

HN65 (Ser = Ile)

HNG5 (Ser = Ile)

AP-3 (Parotitis)
AP-4 (Parotitis)
AP-5 (Parotitis)
AP-6 (Parotitis)
AM-2 (Meningitis) —
AM-1 (Meningitis) F159(GIn = Arg),
F366(Met = Leu)

lates) grew more efficiently at 33°C culture
than at 40°C. Six of seven wild strains grew
faster at 40°C than at 33°C, but one strain
demonstrated similar characteristics to the vac-
cine related strains. Vaccine related strains
had the same temperature-sensitive (s) char-
acteristics as the vaccine seed strain.

DISCUSSION

Measles-mumps-rubella (MMR) trivalent vac-

KO3-8CH

KO3-0
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cine containing the live attenuated Jeryl Lynn
strain of mumps virus is given to children in
many developed countries. The incidence of
complications in the central nervous system,
following the Urabe strain vaccines was higher
than that observed after vaccination with Jeryl
Lynn strain'". Forsey et all'® demonstrated
neurologic complications after MMR vaccine,
caused by Urabe vaccine strains, by using PCR
and nucleotide sequencing in parts of the F
region. There were several reports on the dis-
crimination of vaccine strains from wild strains
of mumps virus'”~'. There is a great clinical
significance in distinguishing whether the
complications were caused by vaccine strains
or by concomitant infection with circulating
wild strains. We developed a simple method to
distinguish the Hoshino vaccine strain from
wild strains by restriction fragment length
polymorphism (RFLP) in the HN gene”. MMR
vaccines containing the Hoshino strain was
introduced but discontinued for the same rea-
son of neurologic complications in 1993. Since

KO3-THL KO3-18HL

) b

AP2

Fig. 1 The results of plaque size test. Small plaques are smaller than 1.0 mm in diameter. Large plaques are larger than

2 mm in diameter. Actual measurements are gruen in the figures.
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Fig. 2 The results of virus growth. The left side graph shows the infectivity of the vaccine related strain of AP-6 strain.
The right side graph shows the infectivity of one wild strain. The experiment was done in triplicate and the

mean infectivity titers are shown.

1993, mumps monovalent vaccines have been
used in Japan.

In this study we have confirmed the
nucleotide changes of the Hoshino strains,
which were propagated in HeLa cell cultures
different from vaccine manufacturing proce-
dure until the 18 th passage. Mutations at dif-
ferent positions were observed in six strains
isolated from patients with complications after
immunization with the Hoshino strain, but not
in the other two isolated strains. There may be
some possibility that these changes took place
during the isolation process in Vero cells. But
this possibility is unlikely because of lack of
mutation through five passages in Vero cells in
the F, SH, and HN genes. We suppose that
these nucleotide changes in clinical isolates
were induced during the virus replication of
the vaccine strain in recipients. Alternatively
vaccine seed strains might have a mixed pop-
ulation like the Jeryl Lynn strain'®.

Brown et al'” showed that post-vaccination

(5)

isolates produced a coding change with an
amino acid change from Glu®™® (GAA) to Lys*®
(AAA) caused by one point substitution of G
to A at the 1081 in the HN region. They also
examined the virus growth, but the growth dif-
ference in Vero cells could not be explained
solely by the nucleotide substitution at 1081
HN genome position. Mori et al'® reported
that the Urabe strain has a mixed population
and this change is not related to the patho-
genicity of complications. Our sequencing
data also shows no common nucleotide
changes in the F, SH, and HN region among
vaccine related strains. Although the four iso-
lates from vaccine associated cases with paroti-
tis (AP-3, AP-4, AP-5, AP-6) showed the same
change of nucleotide sequence at the 65th
amino acid in the HN region, the change at
this position was not observed in other strains
(AP-1, AP-2, AM-1, AM-2). Furthermore, the
sequencing results of clinical isolates from
Hoshino vaccine associated cases with compli-
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cation have no common AA change, compared
with Japanese wild strains since 1976'". There-
fore the mutation might occur at random.

Current mumps vaccine strains were attenu-
ated empirically by laboratory passage in chick
embryonic cells from wild strain virus. The
Hoshino vaccine strain was propagated by
plaque purification at 33°C, selecting a small
plaque”. Therefore, vaccine related strains are
believed to make small plaques and to have
the same temperature sensitivity (ts). But we
still have no knowledge about the mechanism
of attenuation of the vaccine strains geneti-
cally. We already showed that clinical isolates
from vaccine associated cases with a small
plaque size were identified as vaccine strains
by sequencing in the part of the P genes, but
some with large plaque sizes were also verified
as vaccine strains®. These results showed that
mumps vaccine strains might acquire different
biologic activities in vivo. In this study, clinical
samples and some of the vaccine strains prop-
agated in cell cultures had large plaques. How-
ever, they maintained similar characteristics of
virus growth at 33 and 40°C to the vaccine seed
strain. We supposed the strains with large
plaques would show rapid growth rates, but
this was not the case. Further research will be
required to identify the contributing factors to
plaque formation such as functional protein
genes, e, g, P and L proteins.

We confirmed the mutations in F, SH, and
HN regions among the Hoshino vaccine
strains obtained from vaccine associated ill-
ness. However, these mutations were not con-
sistently observed and we suppose random
mutations. Amino acid substitution from Ser
to Ile at the HN 65 position was observed com-
monly in 4 strains. However these mutations
were not directly related to the different
plaque sizes. Furthermore 2 strains, which had
no mutations, also demonstrated large plaques
and all isolates showed the same virus growth
pattern. We examined only I, SH, and HN
regions in this study, and more sequence data
on different regions are required for the
understanding of the pathogenesis of vaccine-
associated illness.
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