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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,
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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 Bl. 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-Wt, 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. C1
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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