6

(P=0.002). When the comparison was applied to
children aged less than 3 years (total number of
patients, 91; age range, 1-36 months; median, 15
months), the protection offered by HRSV-B against a
second homologous infection was verified (P=0.005).
Sequence analysis indicated that 8 children were re-
infected with an HRSV-A strain possessing the same
nucleotide sequence in the N gene region (nucleotide
positions 1548-1937); further, 4 children were in-
fected with an HRSV-A strain and 1 child was
infected with an HRSV-B strain possessing a very
similar sequence in the N gene region (differing only
in a single synonymous nucleotide substitution). The
clinical features of 129 children could be traced
(Table III).

Subgroup Occurrence Among Children Infected
3 Times

During the study period, 42 children were infected
with HRSV 3 times (126 infections; Table IV). Among
these, all possible patterns of occurrence were ob-
served. The patients had no underlying conditions
except previously diagnosed asthma (in 8 patients)
and a low birth weight (in 2 patients). Overall,
hospitalization was required in 9 of 126 cases of
infections (7.1%; first infection, 6; second infection, 2;
third infection, 1). Among the 42 children, 19 (17+2)
(45.2%) had experienced HRSV infections multiple
times (2 or 3 times) within a single epidemic year.
The clinical characteristics of 29 children were ana-
lyzed (Table IV).

On comparing the first and second infections
among patients infected 3 times, the number of
patients infected from HRSV-A to HRSV-A (A-A),
from HRSV-B to HRSV-B (B-B), from HRSV-A to
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HRSV-B (A-B), and from HRSV-B to HRSV-A (B-A)
were 8, 3, 7, and 11, respectively. Similarly, on
comparing the first and third infections, there were
11 (A-A), 2 (B-B), 4 (A-B), and 12 (B-A) children in
the various subgroup infection patterns. Likewise,
on comparing the second and third infection, 14 (A~
A), 1 (B-B), 5 (A-B), and 9 (B-A) children were
classified into the various subgroup infection pat-
terns (Table V). Taking circulating HRSV into
account, comparisons among the first and second,
the first and third, and the second and third homolo-
gous infections revealed that HRSV-A or HRSV-B
infections conferred no immunity against the same
subgroup. However, considering all the patients,
independent of the temporal patterns of repetition,
HRSV-B infections provided significant protection
from a second infection by a homologous strain
(P=0.003). Similarly, HRSV-B infections in children
aged less than 3 years (total number of patients, 15;
age range, 2-36 months; median, 17 months) also
provided significant protection against another ho-
mologous infection (P =0.003).

Clinical Features Among Children Re-Infected
and Infected 3 Times

To assess the alleviation of clinical symptoms in
the second or third infection among children re-
infected or infected 3 times, the mean number of
febrile days and respiratory difficulty were compared
between the first and second infections, the first and
third, and the second and third infections (Table V).

Among the re-infected patients, a reduction in
dyspnoeic attack rates was observed between the first
and second HRSV-A infections (P=0.004) (Table V).

TABLE IV. Subgroup Characteristics of HRSV Isolated From Children Infected 3 Times

Interval of repeated infection 3 times

Two Three No. of
No. of infections infections children
children More than within a within a analyzed for
Patterns of infected one separate single single clinical
occurrence 3 times season season season features
A-A-A* 5 2 2 1 4
A-A-B 4 1 2 A-A (2)? 1 4
A-B-A 8 5 3 A-B (2), 0 7
B-A (1)
A-B-B 1 1 0 0 0
B-B-B 2 1 1 0 1
B-B-A 3 1 2 B-A (2) 0 2
B-A-B 3 2 1 A-B (1) 0 1
B-A-A 10 7 3 B-A (3) 0 10
A/B 6 3 First (1), 3 Second (1), 0
Second (2) Third (2)

Total 42 23 17 2 29

*The first letter designates the subgroup responsible for the first infection; the second letter, that for the second infection; and the third
letter, that for the third infection. A/B indicates dual infection in the first, second, or third infection. The numbers in parentheses indicate
the sample numbers for each pattern of occurrence in 2 infections within a single season®, and dual-infected HRSV samples in the first,
second, or third infection®. The numbers in italics indicate children infected 3 times who were enrolled for the analysis of clinical features.
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DISCUSSION

This study was conducted in an ambulatory care
setting but not with birth cohort monitoring. Previ-
ous studies have demonstrated that over two-thirds
of children were infected with HRSV within their
first year of life [Glezen et al, 1986]. It was also
reported that several neonates were completely
asymptomatic although infected with HRSV [Hall
et al., 1979]. Therefore, it is likely that a considerable
number of the patients in this study had already
experienced HRSV infections before their first symp-
tomatic episode. Nevertheless, the data in this study
showed that HRSV lower respiratory tract infections
occurred repeatedly in the same individual at a rate
of 20.6% (208/1,010), which was higher than those
reported by 2 previous studies as 9.0% and 7.8%
[Zlateva et al., 2007; Yamaguchi et al., 2011]. The
higher rate of detection of recurrent HRSV infections
in this study as compared to those in previous studies
may be attributed partly to the differences in the
detection methods used. Two different RT-PCR prim-
er sets (Prsl and Prs2) and antigen detection assays
were used in this study, whereas in the other report,
HRSV infections were detected using a single RT-
PCR protocol targeting the G gene, which is more
variable than the N gene targeted by the present RT-
PCR protocols [Yamaguchi et al., 2011]. In fact, the
first RT-PCR (Prs1) failed to detect a substantial
number of HRSV infections, which were identified by
the second RT-PCR (Prs2) and antigen detection
assays. The present analysis supports the need to
identify HRSV infections using more than 2 diagnos-
tic methods, since the number of infections might
otherwise be overlooked. These data thus demon-
strated that repeated HRSV infections occur more
frequently in Japan than indicated by the previous
study.

From 1994 to 2005, a cyclic pattern of subgroup
prevalence was observed in the present study. Each
HRSV-A predominant year was followed by 1 or 2
epidemic years with relatively equal proportions of
the 2 subgroups or HRSV-B predominance. Similar
cyclic patterns have been reported in Belgium [Zla-
teva et al., 2007] and in Rochester, New York [Hall
et al., 1990]; however, the patterns differed among
the reports. The former study was performed using 2
kinds of RT-PCR procedures and the latter using an
immunofluorescent test with monoclonal antibodies.
Epidemiological studies around the world have dis-
closed HRSV-A predominance [Sullender, 20001
However, the high total HRSV-B detection rate of
44% in Zlateva’s study compared with 39% in this
study; the 29% HRSV-B detection rate in Hall’s study
might be due to the methods used and/or the
appropriate selection of RT-PCR primers for HRSV-B,
since HRSV-B has greater variability in terms of stop
codon usage and insertion or deletion than does
HRSV-A [Matheson et al., 2006]. Therefore, the
different detection rates for HRSV-B using various
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procedures could influence the results of molecular
epidemiology.

In this study, no significant difference was ob-
served in the rate of repeated HRSV-A infections by
a homologous subgroup as compared with those by a
heterologous subgroup. A Dbirth-cohort study con-
ducted over 2 consecutive years showed that re-
infections with the same strain possessing the G gene
sequence occurred in infants even within the same
epidemic year [Scott et al., 2005]. This observation is
thus consistent with the data recorded in the present
study. In addition, this study confirmed that the rate
of re-infection with HRSV-A was higher than that
with HRSV-B, which has also been shown previously
[Yamaguchi et al., 2011]. Importantly, HRSV-B re-
infection provided protection from a second infection
with a homologous subgroup among the re-infected
children and among the children infected with HRSV
3 times, even on comparison with children from the
younger age groups (<3 years). This might reflect the
2 distinct lineages of divergent evolution with exten-
sive genetic and serologic differences between HRSV-
A and HRSV-B [Matheson et al., 2006]. In addition,
this might also explain the cyclic pattern of subgroup
prevalence.

Many children who suffered from multiple infec-
tions within a short period of time were observed in
this study; some of these were infected more than 3
times within the same season, suggesting that some
individuals, such as children infected more than 4
times, are highly susceptible to HRSV. Individual
host genetic factors are considered important to the
immunopathogenesis of HRSV infections [Miyairi and
DeVincenzo, 2008; Oshansky et al., 2009]. This influ-
ence involves a complex interaction of age-related
immunity, previous HRSV experience on priming
immune-developmental genetic processes, genes pro-
tecting against viral entry in the early phase, and
genes modifying later immunopathology. The results
in the present study might reflect the differences
among individual host genetic factors that determine
the susceptibility to HRSV. For highlighting the
importance of host genetic factors, patients with
multiple HRSV infections appeared to be roughly
divisible into 2 groups; those suffering dyspnoeic
attacks even after many HRSV infections, and those
with no respiratory difficulties from the start. The
clinical features of patients presenting with recurrent
dyspnoeic attack after HRSV infections could possibly
be diagnosed with asthma later in their clinical
course.

A previous study showed that the incidences of lower
respiratory tract infections, bronchiolitis, and otitis
media with effusion were reduced on the third but not
second infection of HRSV, and that age at infection
influenced the disease severity [Henderson et al., 19791
The clinical features of repeated HRSV infections, such
as the number of febrile days and the presence of
dyspnoea, were compared among individuals. In addi-
tion, these clinical features were compared among
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individuals infected with the different subgroups; this
analysis was not performed in the previous studies.
Among children infected repeatedly with homologous or
heterologous HRSV, a reduction in neither the febrile
period nor the rate of respiratory difficulty was observed
at the second or third infection, even on comparison
with children from the younger age group (<3 years).
The only difference noted was a reduced rate of
dyspnoeic attacks among the group re-infected with the
same HRSV-A, which might indicate that individuals in
this group showed a lower immunopathologic response
to HRSV-A than the individuals in the other group. In
contrast, among the patients infected 3 times, a longer
duration of febrile period was noted in the second
infection, with infection from HRSV-A to HRSV-B, as
compared with the first infection. Similarly, among the
re-infected younger age group, infection from HRSV-B
to HRSV-A was associated with a longer duration of
febrile period. HRSV can occur together with other
respiratory viruses, especially adenoviruses [De Paulis
et al., 2011]. Although it is possible that other micro-
organisms modulated the clinical manifestations of
HRSYV infections at least in some patients in this study,
it has been previously reported that viral co-infections
do not appear to affect the severity of HRSV infections
in hospitalized infants [De Paulis et al., 2011].

The cloning procedure was applied mainly to
samples obtained from children with multiple HRSV
infections; therefore, a high rate (23.8%) of dual
infections was identified. The total rate of dual
infections was 3.0%, which was still a relatively high
rate of incidence as compared to that reported by an
earlier study (0.6%) [Zlateva et al, 2007]. It is
possible that more dual infections could be detected
by applying cloning procedures to all the samples.
The sequence of HRSV-B displays greater variability
than that of HRSV-A, which could lead to lower
detection rates for HRSV-B and affect the discovery
of dual infections, if the primers used to detect
HRSV-B are not appropriate for the prevalent
strains. It would be worthwhile to examine the exact
incidence of dual infections, the manner in which
individual clinical symptoms are affected by dual
infections, and the evolutionary interaction of HRSV-
A and HRSV-B inside the human body.

Recently, it was demonstrated that severe fatal
lower respiratory tract infections caused by HRSV
are characterized by the absence of a pulmonary
cytotoxic lymphocyte response, robust viral loads, and
an apoptotic crisis, based on an analysis of autopsy
specimens from Chilean infants in the absence of
mechanical ventilation [Welliver et al., 2007]. This
has cast some doubt on the immunopathogenesis of
HRSV disease. The results of the present study may
provide additional insights into the wide variations in
the severity of HRSV disease, which are affected by
the age at infection as well as by genetic polymor-
phisms among races, individual host genetic factors
and  socioeconomic  conditions [Miyairi and
DeVincenzo, 2008; Oshansky et al., 2009]. The sus-
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ceptibility to HRSV and the disease severity or
pattern may vary and depend upon individual fac-
tors. If certain genetic factors can predict HRSV
disease severity, these findings can lead to either a
new vaccination strategy that induces the formation
of antibodies blocking the CX3C-CX3CR1 interaction
of G protein [Zhang et al., 2010] or antiviral com-
pounds derived from plant lectins [Ooi et al., 2010] as
an individualized treatment option.

ACKNOWLEDGMENTS

The authors thank Dr. Yoshinao Takeuchi for
many helpful discussions and his critical comments
on the original version of the manuscript. The
authors also thank Dr. Kouji Kurauchi for his assis-
tance in statistical analysis, Ms. Yoshie Motegi for
her skilled technical assistance and Ms. Emiko Mori
for her assistance with collecting clinical samples.

REFERENCES

De Paulis M, Gilio AE, Ferraro AA, Ferronato AE, do Sacramento
PR, Botosso VF, de Oliveira DB, Marinheiro JC, Harsi CM,
Durigon EL, Vieira SE. 2011. Severity of viral coinfection in
hospitalized infants with respiratory syncytial virus infection. J
Pediatr (Rio J) 87:307-313.

Galiano MC, Palomo C, Videla CM, Arbiza J, Melero JA, Carballal
G. 2005. Genetic and antigenic variability of human respiratory
syncytial virus (groups A and B) isolated over seven consecutive
seasons in Argentina (1995-2001). J Clin Microbiol 43:2266—
2273.

Glezen WP, Taber LH, Frank AL, Kasel JA. 1986. Risk of primary
infection and reinfection with respiratory syncytial virus. Am J
Dis Child 140:543-548.

Hall CB, Kopelman AE, Douglas RG Jr, Geiman JM, Meagher MP.
1979. Neonatal respiratory syncytial virus infection, N Engl J
Med 300:393-396.

Hall CB, Walsh EE, Schnabel KC, Long CE, McConnochie KM,
Hildreth SW, Anderson LJ. 1990. Occurrence of groups A and B
of respiratory syncytial virus over 15 years: Associated epidemi-
ologic and clinical characteristics in hospitalized and ambulatory
children. J Infect Dis 162:1283-1290.

Hall CB, Walsh EE, Long CE, Schnabel KC. 1991. Immunity to and
frequency of reinfection with respiratory syncytial virus. J Infect
Dis 163:693-698.

Henderson FD, Collier AM, Clyde WA Jr, Denny FW. 1979.
Respiratory syncytial-virus infections, reinfections and immuni-
ty: A prospective, longitudinal study in young children. N Engl J
Med 300:530-534.

Kwok S, Higuchi R. 1989. Avoiding false positives with PCR.
Nature 339:237-238.

Matheson JW, Rich FJ, Cohet C, Grimwood K, Huang QS, Penny
D, Hendy MD, Kirman JR. 2006. Distinct patterns of evolution
between respiratory syncytial virus subgroups A and B from
New Zealand isolates collected over thirty-seven years. J Med
Virol 78:1354-1364.

Miyairi I, DeVincenzo JP. 2008. Human genetic factors and
respiratory syncytial virus disease severity. Clin Microbiol Rev
21:686-703.

Mufson MA, Belshe RB, Orvell C, Norrby E. 1987. Subgroup
characteristics of respiratory syncytial virus strains recovered
from children with two consecutive infections. J Clin Microbiol
25:1535-1539.

Ooi LS, Ho WS, Ngai KL, Tian L, Chan PK, Sun SS, Ooi VE. 2010.
Narcissus Tazetta Lectin shows strong inhibitory effects against
respiratory syncytial virus, influenza A (H1N1, H3N2, H5N1)
and B viruses. J Biosci 35:95-103.

Oshansky CM, Zhang W, Moore E, Tripp RA. 2009. The host
response and molecular pathogenesis associated with respiratory
syncytial virus infection. Future Microbiol 4:279-297.

J. Med. Virol. DOI 10.1002/jmv

-510—



10

Parrott RH, Kim HW, Arrobio JO, Hodes DS, Murphy BR, Brandt
CR, Camargo E, Chanock RM. 1973. Epidemiology of respiratory
synecytial virus infection in Washington, D.C. II. Infection and
disease with respect to age, immunologic status, race and sex.
Am J Epidemiol 98:289-300.

Scott PD, Ochola R, Ngama M, Okiro EA, James Nokes D, Medley GF,
Cane PA. 2005. Molecular analysis of respiratory syncytial virus
reinfections in infants from Coastal Kenya. J Infect Dis 193:59-67.

Sullender WM, Mufson MA, Prince GA, Anderson LJ, Wertz GW.
1998. Antigenic and genetic diversity among the attachment
proteins of group A respiratory syncytial viruses that have
caused repeat infection in children. J Infect Dis 178:925-932.

Sullender WM. 2000. Respiratory syncytial virus genetic and
antigenic diversity. Clin Microbiol Rev 13:1-15.

Waris M. 1991. Pattern of respiratory syncytial virus epidemics in
Finland: Two-year cycles with alternating prevalence of groups
A and B. J Infect Dis 163:464—469.

Welliver TP, Garofalo RP, Hosakote Y, Hintz KH, Avendano L,
Sanchez K, Velozo L, Jafri H, Chavez-Bueno S, Ogra PL,
McKinney L, Reed JL, Welliver RC Sr. 2007. Severe human
lower respiratory tract illness caused by respiratory syncytial

J. Med. Virol. DOI 10.1002/jmv

Yui et al.

virus and influenza virus is characterized by the absence of
pulmonary cytotoxic lymphocyte responses. J Infect Dis
195:1126-1136.

Yamaguchi M, Sano Y, Dapat IC, Saito R, Suzuki Y, Kumaki A,
Shobugawa Y, Dapat C, Uchiyama M, Suzuki H. 2011. High
frequency of repeated infections due to emerging genotypes of
human respiratory syncytial viruses among children during
eight successive epidemic seasons in Japan. J Clin Microbiol
49:1034-1040.

Yui I, Hoshi A, Shigeta Y, Takami T, Nakayama T. 2003. Detection
of human respiratory syncytial virus sequences in peripheral
blood mononuclear cells. J Med Virol 70:481—489.

Zhang W, Choi Y, Haynes LM, Harcourt JL, Anderson LJ, Jones
LP, Tripp RA. 2010. Vaccination to induce antibodies blocking
the CX3C-CX3CRI1 interaction of respiratory syncytial virus G
protein reduces pulmonary inflammation and virus replication
in mice. J Virol 84:1148-1157.

Zlateva KT, Vijgen L, Dekeersmaeker N, Naranjo C, Van Ranst M.
2007. Subgroup prevalence and genotype circulation patterns of
human respiratory syncytial virus in Belgium during ten succes-
sive epidemic seasons. J Clin Microbiol 45:3022-3030.

-511-



J Infect Chemother (2013) 19:480-485
DOI 10.1007/s10156-012-0515-3

Mumps Hoshino and Torii vaccine strains were distinguished

from circulating wild strains

Akihito Sawada - Yoshiaki Yamaji -
Tetsuo Nakayama

Received: 4 September 2012/ Accepted: 22 October 2012/ Published online: 9 November 2012
© Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases 2012

Abstract Aseptic meningitis and acute parotitis have
been observed after mumps vaccination. Mumps outbreaks
have been reported in Japan because of low vaccine
coverage, and molecular differentiation is required to
determine whether these cases are vaccine associated.
RT-nested PCR was performed in the small hydrophobic
gene region, and viruses were differentiated by restriction
fragment length polymorphism assay. A total of 584
nucleotides were amplified. The PCR product of the
Hoshino strain was cut into two fragments (313 and 271
nucleotides) by Mfel; that of the Torii strain was digested
with EcoT22l, resulting in 332- and 252-nucleotide frag-
ments. Both strains were genotype B and had an Xbal site,
resulting in two fragments: 299 and 285 nucleotides. Cur-
rent circulating wild types were cut only by Xbal or Mfel.
However, the Mfel site of the wild types was different
from that of the Hoshino strain, resulting in 451- and
133-nucleotide fragments. Using three restriction enzymes,
two mumps vaccine strains were distinguished from wild
types, and this separation was applied to the identification
of vaccine-related adverse events.

Keywords Mumps Hoshino strain - Mumps Torii strain -
Molecular differentiation - Wild circulating genotypes
Introduction

In Japan, the MMR vaccine was introduced in 1989 but
discontinued in 1993 because of an unexpectedly high
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incidence of aseptic meningitis caused by components of
the mumps vaccine [1, 2]. The mechanisms responsible for
the high incidence of aseptic meningitis with the MMR
vaccine have not been elucidated in comparison to mono-
valent mumps vaccines used since 1993. Nagai et al. [3]
investigated the incidence of aseptic meningitis after vac-
cination and identified 10 cases among 21,465 vaccine
recipients. Moreover, 13 patients with aseptic meningitis
were reported among 1,051 cases of naturally acquired
mumps confirmed by viral isolation together with genome
detection. The incidence of aseptic meningitis after vacci-
nation was 1/27 of that observed for natural infections.
However, in the post marketing study, the incidence of
aseptic meningitis was approximately 0.01 % (1 case in
10,000 recipients) and that of acute parotitis, 2-3 %.

. The mumps virus strains were divided into 12 genotypes
based upon the sequence diversity of the small hydropho-
bic (SH) genome region [4, 5]. Parental strains of the
Hoshino and Torii vaccine strains, isolated in the 1960s,
are genotype B [6, 7]. Circulating wild-type strains were all
genotype B in the 1970s and earlier and were genotypes J
and B in the 1980s to 1990s. Genotype G appeared in the
2000s. Genotypes D, I, and L have been isolated sporadi-
cally [8-10], and recently genotype G was globally the
major circulating genotype [11]. Large outbreaks have
been observed every 3-5 years because of the low vaccine
coverage, 30 % to 40 %. The mumps vaccine is voluntary
(its cost is not covered by the government), and a guard-
ian’s decision usually depends on information on mumps
outbreaks. Some recipients were immunized during the
incubation period of natural infection, making it difficult to
determine whether the mumps illness was caused by a
natural infection or the vaccine.

In previous reports, the Hoshino vaccine strain was
distinguished from circulating wild strains using the

-512-



J Infect Chemother (2013) 19:480-485

481

reverse transcription-polymerase chain reaction (RT-PCR)
and restriction fragment length polymorphism (RFLP) in
the hemagglutinin-neuraminidase (HN) gene with Scal and
AflIT [12]. A simpler method was also reported through
digestion with Scal after DNA amplification by reverse
transcription loop-mediated isothermal amplification (RT-
LAMP) [13]. These methods are applied after immuniza-
tion with the Hoshino vaccine. Now, two vaccine strains of
the Torii and Hoshino are used, but no method of differ-
entiation has been developed for the Torii strain. In this
report, 584 nucleotides were amplified in the SH gene, and
the two vaccine strains were distinguished from circulating
wild types by unique restriction enzyme sites.

Materials and methods
Mumps virus and clinical samples

The Hoshino (Kitasato Institute, Tokyo, Japan) and Torii
(Takeda Pharmaceutical, Osaka, Japan) vaccine strains
were recovered from marketed vaccines. MuVi/Tokyo.
JPN/77 (genotype B), MuVi/Akita.JPN/93-AK (genotype I),
MuVi/Tokyo.JPN/94-H (genotype J), MuVi/Tokyo.JPN/
94-0K (genotype B), and MuVi/Tokyo.JPN/O1-III-10
(genotype L) were used as wild-type representatives for
genotypes B, J, and L, which have already been reported
[8-10]. A total of 47 clinical samples were examined: 20
cases of aseptic meningitis after immunization with the
Torii strain, 25 cases after immunization with the Hoshino
strain, and 2 cases of orchitis after immunization with the
Hoshino strain. Two wild-type strains (MuVi/Tokyo.JPN/
10-K and MuVi/Tokyo.JPN/10-F) were isolated and iden-
tified as genotype G. Cerebrospinal fluid (CSF) samples
from the patients with aseptic meningitis and two salivary
swab samples or nasopharyngeal swab (NPS) from the
patients with orchitis were used.

EcoT22 1

- 5388 6391

Torii [B] ATGCAT
Hoshino [B] G
gen/77 B e G
agpn/93ak [1] ——C
gen/9an [3]  eeeen ¢
Jen/o4ok Bl 0 e e
JPN/01-111-10 [1)] «eevca
ger/10x [el S

genzior [e]

Fig. 1 Sequence alignment of the Torii and Hoshino vaccine strains and
representative wild strains. MuVi/Tokyo.JPN/77 (genotype B), MuVi/
Akita.JPN/93-AK (genotype I), MuVi/Tokyo.JPN/94-H (genotype J),
MuVi/Tokyo.JPN/94-0K (genotype B), and MuVi/Tokyo.JPN/O1-1II-10

RINA extraction

Total RNA was extracted from 200 pul CSF and salivary
swabs or NPS using a magnetic bead RNA purification kit
(MagExtractor-viral RNA; Toyobo, Osaka, Japan) and the
RNA pellet was suspended in 30 pl distilled water.

RT-PCR and RLFP

RNA was transcribed to cDNA with a random hexamer
using a PrimeScript RT reagent Kit (TaKaRa Bio, Japan)
and amplified using Ex Tag DNA pblymerase (TaKaRa
Bio). The first PCR was done using MP F 921+ (5'TCTAT
AATTCAATTGCCAGA) and MP HN241— (5TGTCTGC
AATTGAAGACAAC) and the nested PCR, using MpFO+
5'GTCGATGATCTCATCAGGTAC) and Mp HN1— (5'C
CAATATTCGGAAGCAGGTTCGGA), amplifying 584
nucleotides including the primer sequences from the gen-
ome positions 6139 to 6722 [10]. PCR products underwent
electrophoresis after digestion with EcoT22I, Mfel, and
Xbal (New England BioLabs Japan).

Sequence analysis

PCR products were excised from low-melting gel electro-
phoresis and purified. DNA sequences were determined by
the dye terminator method using an Applied Biosystems
3130 (Life Technologies Japan).

Results

Sequence analysis and restriction enzyme sites

The Hoshino and Torii strains were sequenced; alignments

at the restriction enzyme sites are depicted in Fig. 1. The
EcoT?22I site (genome position 6386-6391) was unique to

Xba 1 Mfe I Mfe I
8437 64&2“ BA%Y 5458 $EBG B5R4

(genotype L) were used. MuVi/Tokyo.JPN/10-K and MuVi/Tokyo.JPN/
10-F (genotype G) are isolated in this study. Nucleotide changes are
depicted in comparison with the Torii strain, and restriction enzyme
sequences are highlighted in grey
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Table 1 DNA sizes of restriction fragments after treatment with
EcoT221, Mfel, and Xbal

Mumps strains EcoT221 Mfel Xbal

+ (3131271)  + (299/285)

+ (299/285)

Hoshino genotype B -
Torii genotype B + (332/252)
Wild genotypes B, J, L. — - + (299/285)
+ (451/133)  + (299/285)
+ (451/133) —

|

Wild genotype I -
Wild genotype G —

the Torii strain and Mfel site (6451-6456) to the Hoshino
strain. Genotypes B, 1, J, and L had an Xbal (6437-6442)
site, and old genotype I and the currently circulating
genotype G had an Mfel site (6589-6594) newly introduced
by nucleotide change, not at position 6451-6456 of the
Hoshino strain. Based on the results of the sequence
analysis, RFLP and predicted fragment lengths are shown
in Table 1. The PCR product of the Hoshino strain was cut
into two fragments (313 and 271) by Mfel and that of the
Torii strain into two fragments (332 and 252) by EcoT22l.
These two strains were also cut by Xbal into two fragments
(299 and 285). RFLP of the circulating wild type had
mainly two patterns: genotypes B, J, and L were cut by
Xbal and genotype G by Mfel but differently from the
Hoshino strain.

The results of RFLP are shown in Fig. 2. The PCR
product of the Hoshino vaccine strain was cut by Mfel and
Xbal, and that of the Torii strain by EcoT221 and Xbal. As
for the RFLP of wild type, the PCR product of MuVi/
Akita.JPN/93-AK (genotype I) was cut by both Mfel and
Xbal with different fragment sizes from the Hoshino strain.
MuVi/Tokyo.JPN/94-OK (genotype B) was cut by Xbal,
and the same RFLP pattern was noted for MuVi/
Tokyo.JPN/94-H (genotype J) and MuVi/Tokyo.JPN/O1-
II-10 (genotype L). PCR products of MuVi/Tokyo.JPN/
10-K and/10-F (genotype G) were cut by Mfel. They
showed different patterns from the vaccine strains, as
predicted from the sequencing results.

Differentiation of vaccine strains from wild types

A total of 47 clinical samples were obtained: 20 cases of
aseptic meningitis after immunization with the Torii strain,
25 cases after immunization with the Hoshino strain, and 2
cases of orchitis after immunization with the Hoshino
strain. The results of RT-PCR and RFLP are shown in
Table 2. RT-PCR was negative for two CSF samples from
the recipients of the Torii strain, and among 18 RT-PCR
positives, 16 were identified as the Torii vaccine strain.
Among 25 CSF samples obtained from the recipients of the
Hoshino strain, 3 were negative by RT-PCR, and 20 were
considered positive for the vaccine strain. Two from each
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Fig. 2 Restriction fragment length polymorphism (RFLP) of the
Hoshino and Torii vaccine strains and- circulating wild strains. C,
control; E, treatment with EcoT22I; M, treatment with Mfel;, X,
treatment with Xbal. 93-AK, MuVi/Akita.JPN/93-AK [genotype IJ;
94-H, MuVi/Tokyo.JPN/94-H [genotype J]; 94-OK, MuVi/
Tokyo.JPN/94-0K [genotype B]; 01-III-10, MuVi/Tokyo.JPN/0O1-III-
10 [genotype L]; 10-K, MuVi/Tokyo.JPN/10-K [genotype GJ; 10-F,
MuVi/Tokyo.JPN/10-F [genotype G]

were identified as wild strains. In 2 cases of orchitis after
vaccination with the Hoshino strain, RT-PCR was positive
in 1 case, identified as the wild type. Five of 45 patients
with suspected adverse events were identified as having a
concurrent wild-type genotype G.

Some strains identified as causing adverse events were
sequenced; the phylogenetic analysis is shown in Fig. 3.
Cases 1 and 2 were patients with aseptic meningitis after
immunization with the Hoshino strain and cases A and B
after that with the Torii strain. The sequencing results
showed they were identical to the respective vaccine
strains.

Table 2 Results of differentiation of mumps virus genome for clin-
ical samples obtained from patients with aseptic meningitis and
orchitis

PCR negative ~ PCR positive
Vaccine strain ~ Wild strain
Aseptic meningitis after vaccination with
Torii (n = 20) 2 16 2
Hoshino (n = 25) 3 20 2
Orchitis after vaccination with
Hoshino (n = 2) 1 1
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Fig. 3 Phylogenetic analysis of vaccine-associated cases in the small hydrophobic (SH) genome region. Cases 1 and 2 were patients with aseptic
meningitis after immunization with the Hoshino strain and cases A and B after immunization with the Torii strain

Discussion

The mumps virus is classified into 12 distinct genotypes,
with genotype B indigenous to Japan [4, 5, 8]. Genotype J
was a dominant circulating strain with some genotype B
strains in 1990-2000, and genotype G appeared in
2000-2012 with sporadic outbreaks of genotype L [8-10].
Mumps has been circulating in Japan because of a low
immunization rate, approximately 30—40 %, and mump
outbreaks have also been reported in the EU and USA
where high immunization coverage was achieved with two
doses of MMR [14-16]. The outbreaks were caused by the
accumulation of susceptible individuals with an insufficient
two-dose MMR vaccination in childhood. Several vaccine
strains have been developed, and the Jeryl Lynn strain,
belonging to genotype A, has been widely used as a
component of MMR. Neutralization test (NT) antibody
titers in sera obtained after vaccination with Jeryl Lynn
were lower against genotype G than those against the
vaccine strain, but they completely neutralized the other
genotypes [17, 18]. In contrast, the antigenicity of genotype
A of the vaccine strain was quite different from the recent

circulating wild types and considered one of the reasons for
the recirculation of the mumps virus [19]. There would be
some problem with immunogenicity and persistence of
immunity after immunization with the Jeryl Lynn strain. In
Japan, two vaccine strains, Hoshino and Torii, are used and
they belong to genotype B. In our previous report, there
was no antigenic difference among circulating wild
types [10]. Immunogenicity paralleled the incidence of
adverse reactions. The incidence of aseptic meningitis after
immunization with the Jeryl Lynn strain was reported to be
1 case in 100,000, and that of Torii or Hoshi was higher.
The mump vaccine is still a voluntary one and so the cost is
not covered by regional governments. Thus, guardians
consider a mumps vaccination only when an outbreak is
coming according to surveillance data. Some recipients
were vaccinated by chance during the incubation period,
and infection with the wild type became mixed into the
vaccine-adverse events [12, 13]. In this report, 4 cases were
identified as wild types among 45 cases with aseptic
meningitis and 1 of the 2 cases of orchitis after immuni-
zation. From the results of surveillance reports, mumps
outbreaks were observed in moderate grade, and
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approximately 10 % of the vaccine-associated cases were
infected with the wild type around the immunization day.
Most adverse events developed 2-3 weeks after vaccina-
tion, but wild-type-related illness developed a few days
earlier. There was no difference in clinical symptoms and
clinical laboratory findings between vaccine-related
adverse events and wild-type-related illness [3]. Five
samples in aseptic meningitis and 1 in orchitis showed
negative for mumps RT-PCR. Enterovirus RT-PCR for the
mump PCR-negative samples showed negative for 5
mumps PCR-negative clinical samples [20]; these were
considered to be low virus doses or in inappropriate
stocking or transporting conditions.

Vaccine safety is a major concern and depends on
postmarketing surveillance. Postmarketing surveillance
from 1994 to 2010 is summarized, adding new data to the
previous report [21], compared with the incidence of natural
infections, in Table 3. The incidence of aseptic meningitis
was <1-15 % among mumps infections with different
incidences [22], and enhanced surveillance data showed
2.9 % of mumps patients were hospitalized, 6.1 % had
orchitis, 0.3 % had meningitis, and 0.25 % had pancreatitis
in England in 20022006 [23]. For the other complications,
permanent deafness was considered to occur in approxi-
mately 1 per 20,000 cases, but it would actually be higher, 1
per 1,000 cases [24]. The results of postmarketing studies

Table 3 Complications of mumps and vaccine adverse events after
vaccination with the Hoshino strain reported from 1994 to 2010

Vaccination
(3.5 million)

Complications Natural infection

Acute parotitis 70 % 2-3 %"

CNS complications
Encephalopathy 1/5,000-6,000 5 (1: enterovirus)
Aseptic meningitis ~ 1-2 % 223°

ADEM 3 (1: enterovirus)
Deafness 1/15,000 (1/1,000) 4
Orchitis 25 % in adolescents 15¢
Oophoritis 5%
Pancreatitis 4 % 2
Other 1. ITP

1: allergic purpura

Incidence of complications during natural infection refers to Ref. [22]
CNS, central nervous system; ADEM, acute disseminated encepha-
lomyelitis; ITP, idiopathic thrombocytopenic purpura

? Of 117 nasopharyngeal swab (NPS) samples examined from
patients with acute parotitis after vaccination with the Hoshino strain,
PCR was positive in 89; 64 were identified as the vaccine strain and
25 as the wild type

® Of 85 CSF samples examined, 66 were PCR positive; 58 were
identified as the vaccine strain and § as the wild type

¢ Three NPS samples were examined; one was the vaccine strain and
two were the wild type

@ Springer

are shown from 1994 to 2010. A total of 3.5 million doses
of the Hoshino vaccine were shipped, and acute parotitis
was observed in 2-3 % of recipients. Among them, 117
nasopharyngeal swabs were examined and 89 were positive
for RT-PCR: 64 were identified as the Hoshino vaccine
strain and 25 were wild type. Among CNS complications, 5
cases of encephalopathy, 223 cases of aseptic meningitis,
and 3 cases of acute disseminated encephalomyelitis
(ADEM) were reported. Two cases were identified as
enterovirus infections by RT-PCR [20]. When 85 CSF
samples were examined in 223 cases of aseptic meningitis,
58 were considered vaccine-associated illnesses among 66
PCR positives. In this study period from 2008 to 2012,
approximately 10 % of the patients suspected of having a
vaccine-associated illness were identified as having wild-
type infections during the mump outbreaks. Therefore, a
simple differentiation method would contribute to further
understanding of the safety of mumps vaccines.
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ABSTRACT

Because of increasing measles vaccine coverage, the proportion of patients with modified measles has
been increasing. Such patients have low-grade fever with very mild eruptions similar to vaccine-related
adverse events. Differentiation between these two pathogenic conditions is required to improve the
quality of laboratory-based measles surveillance. In this study, vaccine-specific and wild-type specific
primer sets were designed for loop-mediated isothermal amplification in the N gene, and vaccine
strains, C1, D3, D4, D5, D8, D9, G3 and H1 wild strains were examined. Three vaccine strains were
efficiently amplified using a vaccine-specific primer set with an approximately 10-times higher
sensitivity than wild-type primer. Modified measles was differentiated from vaccine-associated cases by
this system, but limitations were encountered with the other genotypes.

Key words LAMP, measles vaccine, modified measles.

Although the number of measles-related deaths de-
_creased from 873,000 in 1999 to 164,000 in 2008, the goal
set to reduce measles deaths by 2010 by 90% of those
prior to 2000 was not achieved (1). Global single dose
measles vaccination coverage increased from 72% in 2000
to 82% in 2007, when the two-dose immunization
strategy was recommended for countries with high
coverage (>95%) with the single dose measles vaccine.
Most countries (88%) now implement the two-dose
strategy (1). However, since late 2009, measles transmis-
sion has increased and outbreaks have become wide-
spread in the European Union region because of failure to
vaccinate susceptible populations (2). The World Health
Assembly updated the goal of measles elimination to 95%
reduction of 2000 figures for measles mortality by
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2015 (3). In 2007-2008 in Japan, measles outbreaks with
different characteristics occurred, namely most patients
were young adults or adolescents attending high schools
and universities in the early stages of the outbreak (4, 5).
Because a relatively large proportion of those with adult
measles had previously received single dose measles
vaccination, they developed only mild grade fever and
rash rather than typical measles symptoms (5). The
patients with modified measles exhibited symptoms
similar to the adverse events associated with vaccines,
10-20% of vaccine recipients developing low-grade
fever (6). The diagnoses of modified measles were
confirmed by virus isolation, detection of virus genome,
or the serological responses of significant increase in IgG
antibodies and/or presence of IgM antibodies (7).
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Identification of measles vaccine strain

However, using IgM positivity to diagnose modified
measles in patients who have previously been vaccinated
is not reliable. Virus isolation is not always successful
because of issues like timing of sample collection,
transport, low virus load, and short period of virus
excretion in modified measles. The measles virus genome
can be directly detected in clinical materials, and
sequencing of the PCR products for molecular genotyp-
ing, targeting the N gene, would differentiate between
adverse effects of vaccines and modified measles.
However, this technique is time consuming and clinical
samples do not contain sufficient amounts of viral RNA
to perform sequencing analysis.

Circulating wild-type genotypes of measles virus are
classified into 24 subclades. Of these, B1, C1, DI, Eand F
are considered inactive (8). In Japan, three measles
vaccine strains have been used; the AIK-C and Schwarz
FFS8 strains, which have been further attenuated from the
Edmonston strain, and CAM from the domestic wild-
type, genotype A (9). It is critical to develop a simple
method with high sensitivity and specificity for making
an accurate diagnosis. Recent advances in molecular
technology have improved the sensitivity and simplicity
of genome amplification. A rapid diagnostic procedure
for the detection of the measles genome using RT-LAMP
has been reported (10, 11). In this study, that technique
was modified for the discrimination of measles vaccine
strain from wild circulating strains.

InJapan, C1, D3, D5 Palau-type, H1, D5 Bangkok-type
and D9 have circulated since 1984 (5, 12). The following
representative strains were used in this study: MVi/Tokyo.
JPN/84-K [Cl1], MVi/Tokyo.JPN/37.99(Y) [D3], MVY/
Tokyo.JPN/21.00 (O) [D5 Palau-type], MVi/Tokyo.JPN/
20.00(S) [H1], MVi/Tokyo.JPN/17.07 [D5 Bangkok-
type] and MVi/Aichi.JPN/44.06 [D9]. In 2011, D4, D8,
D9 and G3 strains were imported from outside the
country (National Institute of Infectious Diseases,
Infectious Disease Surveillance Center; http://idsc.nih.
go.jp/disease/measles/2011). MVi/Chiba C.JPN/08.11
[G3], MVi/Hiroshima.JPN/09.11 [D8] and MVi/Osaka
C.JPN/09.11 [D4] were also investigated. During the
measles outbreak in 2007-2008, 18 clinical samples were
obtained from measles patients and those with non-
typical measles characterized by mild febrile illness and
eruptions (5). Of these, 13 stored samples were available
for this study. Five vaccine-associated cases that occurred
after 2008 were also investigated.

Total RNA was extracted from 200 pL of culture
medium or clinical samples using a magnetic beads
RNA purification kit (TOYOBO, Osaka, Japan) and re-
suspended in 30 pL of distilled water. cDNA was syn-
thesized from 5 pL of RNA, using a One Step PrimeScript
RT-PCR Kit (TaKaRa Bio, Otsu, Japan) with poly T

© 2013 The Societies and Wiley Publishing Asia Pty Ltd

primer and random hexamer. Five microliters of cDNA
was used for amplification of the measles genome by
LAMP. The LAMP method was characterized by auto-
cycling DNA synthesis using Bst DNA polymerase with
strand displacement (New England BioLabs, Ipswich,
MA, USA) and a specially designed set of primers, as is
shown in Figure 1. Six LAMP primers were synthesized,
recognizing eight different positions: of these F3, B3, F
Loop, and BIP were the same as has previously been
reported (11). In the present study, vaccine- and wild-
type-specific FIPs and B Loop primers were used: vac-
specific FIP (FIP-Vac: 5-TTGTCCTCAGTAGTATG-
CATTGCAGGTATCACTGCCGAGGATG), wt-specific
FIP (FIP-Wr  5-CTGTCCTCAGTAGTATGCATTG-
CAGGTATCACTGCCGAGGATG), vac-specific B loop
(B Loop-VAC: 5-TGAGAATGAGCTACCGA) and wt-
specific B loop (B Loop-Wr: 5'-TGAGAATGAGCTAC-
CAG) (Fig. 1). The bold letters at the 5’ end of the FIP and
the 3’ end of the B loop are specific for the vaccine and
wild-type sequences. The reaction mixture and procedure
have previously been reported; differentiation between
vaccine and wild-type strain was based on which primer
set reached the threshold of LAMP amplification
faster (11).

The N gene open reading frame of AIK-C and MVi/
Tokyo.JPN/37.99(Y) [D3] were amplified and inserted
into the multi-cloning sites of pBluescript SK II to
construct pAIK-N and pWt D3-N. Serial dilutions of
pAIK-N and pWt D3-N were subjected to vac-specific
and wt-type specific LAMP; the results are shown in
Figure 2. The detection limit of the measles AIK-C
vaccine genome was 1-10 copies by vac-specific LAMP
but 10-100 copies by wt-specific LAMP, indicating the
latter is less efficient. Wild-type pWt D3-N was detected
with a detection limit of 10-100 copies by wt-specific
LAMP, more than 10 min faster than by vac-specific
LAMP. This detection limit is similar to 30-100 copies
achieved by the original RT-LAMP (11). The measles
vaccine strain genomes from Schwarz FF-8 and CAM
(10* TCID 50/mL) were amplified over 10 min faster
using vac-specific LAMP than with wt-specific LAMP.
The time differences between vac-specific and wt-specific
LAMP in amplification increased with further dilutions.

Wild-type measles genotypes C1, D3, D4, D5 Palau, D5
Bangkok, D8, D9, G3 and HI were also investigated.
These isolates contained approximately 10* TCID 50/mL
and serial 10-fold dilutions of cDNA were subjected to
vac- and wt-specific LAMP. The results for the recent
isolates D4, D5, D8, D9 and G3 are shown in Figure 3.
The measles genome was efficiently amplified by wt-
specific LAMP, more than 10 min earlier than by vac-
specific LAMP in D4, D5 Palau, D5 Bangkok, D8 and D9
genotypes. As for the G3 isolate, 1:100 dilution of G3 was
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F& AQATTGGCATCTGAACTG
FiP- Voo TTGTCOTCAGTAGTATGCATTGCAGOTATCACTGOCGAGGATG

FiP- it CTGTCCTCAGTAGTATGOATTGCAGGTATCACTGOOGAGGATG

F Loop: ATCTOTGAMALAAG
B&  TOCTOGACTCTGTTTGAC

BiP:  AGOCCAAGTGTCATTTCTACACGGTRTCOTATLITOCTTGOCO000

B Loop- WAL TGAGAATOAGDTACCGA
B Loop~M: TGAGAATCAGOTACCAG

Fig. 1. Primer design for vaccine-specific and wild-type specific LAMP primers. The upper panel shows the location of LAMP primers
schematically. The middle panel shows sequence alignments of vaccine and wild strains between F1C and B2 primer positions. Different
nucleotides are depicted in comparison with the Edmonston and vaccine strains (AIK-C, Schwarz FF8, CAM70 and S$191). The underlined
sequence is the original measles LAMP primers. The lower panel shows the vac-specific and wt-specific LAMP primer sequences. The first bold
letter at the 5" end of FIP-Vac and FIP-Wt and the two bold letters at the 3’ end of B Loop-Vac and B Loop-Wt are specific to the indicated

sequences.

amplified by wt-LAMP 3 min faster than by vac-LAMP
and approximately 10 min faster for 1:1000 dilutions.
The amplification profile of H1 was similar to that of G3.
However, amplification times for C1 by vac-specific and
wt-specific LAMP were within 1-2 min (data not
shown).

Clinical samples obtained from the patients with low-
grade fever and rash were examined; the results are shown
in Figure 2. One had developed a febrile illness 10 days
after immunization and the other during a measles
outbreak, as previously reported (5). In the patient
suspected of having an adverse event of vaccine, the
measles genome was amplified only by the vac-specific
LAMP, whereas the wild-type genome was amplified
more efficiently by the wt-specific LAMP in the patient
with modified measles during a measles outbreak. These
two cases were confirmed by sequence analysis. Of the 13
stored samples from the 2007-2008 outbreak, all were
efficiently amplified by wt-specific LAMP, as they had
been by the original RT-LAMP. Of the five vaccine-
associated cases after 2008, four were identified as vaccine
strain. The remaining case was negative by both LAMP
and RT-PCR. Conventional nested PCR and real-time
PCR were also negative. This apparent discrepancy may
have been caused by incorrect sample taking or trans-
porting conditions.
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After the World Health Organization in the Western
Pacific Region set the goal of eliminating measles by 2012,
a two dose schedule with a catch-up campaign for the
forthcoming 5 years was implemented in Japan in
2008 (4). Thereafter, the number of reported cases of
measles decreased from 11,015 in 2008 to 457 in 2010. Of
457 cases in 2010, approximately two-thirds were
laboratory-confirmed, making the estimated incidence
3.58 per million. Some imported cases with D4, D8, D9
and H1 genotypes were reported (13). After the tsunami
disaster in 2011, D4, D8, D9 and G3 strains were
imported from outside the country (National Institute of
Infectious Diseases, Infectious Disease Surveillance
Center; http://idsc.nih.go.jp/disease/measles/2011pdf).

In the control phase, identification of the index case is
difficult, especially for modified measles, because cross-
reactivity with IgM measles antibody makes it hard to
differentiate measles infection from rubella, parvovirus
B19 infection and other virus infections (14). The
proportion of modified measles cases with low-grade
febrile illness and mild rash, similar to vaccine-associated
illness is increasing. Restriction fragment length poly-
morphism was developed to differentiate between
vaccine-associated adverse events and wild measles
infection (15). The measles genome is amplified by
RT-nested PCR, PCR products are electrophoresed after
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Fig. 2. Loop-mediated isothermal amplification (LAMP) reactions of the vaccine strains and comparison of their sensitivity. N gene
expressing plasmids were constructed from AIK-C vaccine (pAIK-N) and D3 wild strain (pWt D3-N), plasmid concentrations were adjusted to
1000 copies/reaction and serial 10-fold dilutions pAIK-N and pWt D3-N were subjected to LAMP specific to the vaccine- and wild-type primer sets.
The times to reach a threshold of 0.1 in turbidity (shown on the vertical axes) were compared. Dotted lines show amplification responses using
the wild-type specific primer set and solid lines amplification responses using the vaccine-specific primer set. Results for two clinical samples are
shown in the lower panels: the left panel from a patients suspected of having vaccine associated symptoms and the left from a patient with

modified measles.
Wi, wild-type specific; Vac, vaccine-specific.

treatment with restriction enzymes; it takes several hours
to obtain results.

Loop-mediated isothermal amplification amplifies
target DNA with high sensitivity and specificity (10,
11). RT-LAMP systems reportedly detect several virus
genomes with higher sensitivity than does conventional
nested PCR. Mumps vaccine has the adverse effect of
post-vaccination aseptic meningitis; a reported method
for differentiating such reactions from infection involves
digesting LAMP products with a specific restriction
enzyme. Specifically, mumps Hoshino strain has a Scal
site in the LAMP target region and the LAMP-specific
ladder pattern disappears after digestion with Scal but
does not do so with wild-type strains (16). This detection
system requires additional procedures: opening the
LAMP tube, treatment with the restriction enzyme and
electrophoresis. Opening the LAMP tube is an undesir-
able operative step because it can lead to DNA cross-
contamination. Single-step operations are ideal for
obtaining accurate results. Because RSV has two distinctly
different subgroups in the same target region, A and B,

© 2013 The Societies and Wiley Publishing Asia Pty Ltd

sequence-specific LAMP primers have been designed
specifically for those subgroups; the subgroup-specific
primer sets amplify their respective genomes (17).

The key reaction in LAMP is dumb-bell loop
formation to react with FIP or BIP primers. The inner
sequences of F1 and Bl are critical for such loop
construction (10). The FIP primer consists of 5’ Fl
complement connected to the F2 sequence, and the 5’ end
of FIP or BIP is critical for binding to the 3’ portion of F1
or B1. In a previous study, LAMP primers were designed
in the conserved regions to detect the measles genome
with high sensitivity. Sequence results for the F1 and B1 of
vaccine and wild-type strains have shown that all vaccine
strains have A at genome position 1321, whereas all wild-
types have G in this position (11). In the present study,
vaccine-specific and wild-type-specific FIP primers were
designed to have one nucleotide shift to the inner region
in comparison with the previous original LAMP FIP
primer sequence, which adds T at the 5" end of FIP for
vaccine-specific and C for wild-type-specific FIP. The
addition of loop primers results in a shorter reaction time
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Fig. 3. Loop-mediated isothermal amplification (LAMP) reactions of wild types, D4, D5, D8, D9 and G3. RNA of virus isolates was
converted to ¢cDNA and serial 10-fold dilutions subjected to LAMP reaction. The times to reach a threshold of 0.1 in turbidity were compared.
Dotted lines show amplification responses using wild-type specific primer set and solid lines by vaccine-specific primer set.

LAMP-W1, wild-type specific primer set; LAMP-Vac, vaccine-specific primer set.

for displacement of the stem loop region and most
genotypes have GG or AG (genome positions 1397 and
1398) at the 3’ end of B Loop primer. All wild-types,
except the C1 strain, were amplified more efficiently by
wt-specific LAMP than by vac-specific LAMP. However,
the difference in amplification time for C1 with vac-
specific and wt-specific LAMP was within 1-2 min.
Because B2, B3, and C2 have the same sequences at the 5/
end of FIP and the 3’ end of B loop to the C1 genotype,
their ability to discriminate would be similar. Cl
genotype is inactive. So far, B2, B3 and C2 genotypes
have not been introduced into Japan, but are still
active (8, 12, 13). There would be a possibility of invasion.
When there is no definite amplification delay, sequence
analysis should be performed. As for G3 and H1, the time
difference in genome amplification by wt-specific and
vac-specific LAMP became apparent in samples with
lower genome concentrations.

Among five clinical samples obtained from the patients
suspected vaccine-associated adverse events, four were
confirmed as vaccine adverse events, demonstrating the
genome-amplification by vaccine specific primer set. In
Japan, C1, D3, D5 Palau-type, H1, D5 Bangkok-type and
D9 have circulated since 1984 (5, 12, 13), and D4, D8, D9
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and G3 strains were imported from outside the country in
2011 (National Institute of Infectious Diseases, Infectious
Disease Surveillance Center; http://idsc.nih.go.jp/disease/
measles/2011). Clinical samples of D4, D8, D9 and G3-
were not obtained but the differentiation method using
vac- and wt-specific LAMPs would work for surveillance
study.
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