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   Short Communication
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SUMMARY: We investigated a measles virus (MV) outbreak that occurred at a junior high school in Yamagata,
Japan between January and February, 2004. We received throat swab specimens from three patients at this school
and carried out virus isolation with Vero/hSLAM cells and virus genome detection by reverse-transcription
polymerase chain reaction. As a result, we isolated the virus from one patient and succeeded in amplifying the MV
genome from the others. Further sequence analysis of the N gene revealed that these viruses were completely
identical, and that their genotype could be characterized as type D9, which has not been reported in Japan
previously. We also identified D9 viruses in two students at other junior high schools in Yamagata. These results
suggested that D9 strains were imported from a region outside Japan. The genotypes of MVs found in Yamagata
have changed in recent years, with D5 predominating in 2001 and H1 predominating in 2002 and 2003 as
reported as national surveillance data. Therefore, we should monitor carefully to be sure that D9 strains do not
become the next predominant virus. The more the number of measles cases decrease, the more important become
the roles of public health laboratories, which genotype MVs and monitor their circulation and transmission
pathways.
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Measles is an acute, highly contagious viral disease that
affects mainly children and is characterized by fever, coryza,
conjunctivitis, cough, and a specific enanthem followed by a
generalized macropapular eruption (1). The routine report-
ing of suspected measles cases and laboratory testing of
samples from patients is the backbone of the surveillance
system (2).

According to the national epidemiological surveillance of
infectious diseases in Japan, 33,812 measles cases were
reported by pediatric sentinel clinics in 2001, which was
the largest number for any year in the last decade. However,
sporadic measles cases are still being reported in spite of a
huge effort aimed at measles control by local public institu-
tions (3).

Cases of measles virus (MV) have been reported by
prefectural and municipal public health institutes to the
Infectious Disease Surveillance Center at the National Insti-
tute of Infectious Diseases, Japan. Whereas the number of
patients has decreased, reports of MV isolation have increased
from 117 in 2001 and 62 in 2002, to 177 in 2003 (3). This
virus strain survey revealed that in the 1990s the majority of
MV isolates belonged to genotype D5, whereas genotype H1
strains have spread throughout Japan since around 2002 (3,4).

We here report a measles outbreak at a junior high school

in Yamagata Prefecture; the virus had a genotype D9, which
has not previously been reported in Japan (3,5).

The junior high school is located in Yamagata city and
the total number of students is 429. One case was defined as
clinical measles based on a physicians’ diagnosis. According
to the epidemic curve (Fig. 1), the total number of cases was
28 (attack rate [AR]: 6.5%) (Table 1). The index case was
supposed to have developed symptoms on January 21st, 2004
and the outbreak continued to the end of February, 2004. Six
of the infected students were admitted to hospitals for treat-
ment (21.4%). All the hospitalized cases were unvaccinated
students. The age distribution of the cases was from 12 to 15
years old, and the male:female ratio was 20:8. Fifty percent
of the infected students were in the 2nd grade. Other
observations on the students’ activities were as follows: (i)
the classrooms for the 3rd grade students were apart from the
others, (ii) the 3rd grade students had already finished their
athletic seasons at the time of the outreak, (iii) most of
the extracurricular activities were carried out separately by
the male and female students; and (iv) no school assembly
involving the whole student body had been held since the
beginning of January due to an influenza outbreak. An
examination of the vaccination history showed that 18 of the
28 infected individuals had been vaccinated (64.3%). The MV
vaccines used were all single-dose MV or mealses, mumps,
and rubella (MMR) vaccines. The AR among unvaccinated
students (ARU) was 31.3% (10/32) and the AR among the
single-dose MV or MMR vaccinated students (ARV) was
4.8% (18/377) according to data obtained by questionnaire.
A basic estimate of vaccine efficacy (VE) was calculated
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using the following formula: VE (%) = {(ARU–ARV) / ARU}
×100. Using this formula, the VE was estimated to be 84.7%
for the 429 students. The above data indicate that the out-
break occurred mainly among the unvaccinated, although
there were also some cases of secondary failure. During this
outbreak period, one to five sporadic cases were also reported
from each of 13 elementary, junior high, and high schools in
and around Yamagata city.

For virus isolation, we received throat swab specimens
from three students at the index school. The specimens were
collected on January 28th and February 13th and 14th,
respectively. We also received two throat swab specimens
from two students at two other junior high schools, who
were clinically diagnosed with MV infection in January
and February 2004, respectively. After centrifugation at 3,000
rpm for 15 min, we inoculated these five specimens on
Vero/hSLAM cells, which were kindly provided by Prof. Y.
Yanagi, Department of Virology, Faculty of Medicine, Kyushu
University (6).

We also attempted to amplify and detect the MV genome
by reverse-transcription polymerase chain reaction (RT-PCR).
Briefly, RNA was extracted from 200μl of each specimen
using a High Pure Viral RNA Kit (Roche Diagnostics GmbH,
Mannheim, Germany) according to the manufacturer’s
instructions. Complementary DNA was synthesized by RT
reaction and PCR consisting of 40 cycles of 94°C for 30 sec,
55°C for 30 sec, and 72°C for 60 sec was carried out as
described previously (7). Two primer pairs, pMvGTf1 and
pMvGTr1 for the 1st PCR, and pMVGTf2 and pMvGTr2 for
the nested PCR, were used (8). For sequencing analysis of
the N gene, the Gene Rapid system (Amersham Biosciences
Corp, Piscataway, N. J., USA) was used according to the
manufacturer’s instructions with the same primers as for PCR.
For further PCR and sequence analysis of the H gene, we
used primers MVH-IF, MVH-IR, MVH-BF, MVH-DF and
MVH-FF (9).

As a result, we isolated two MVs, one from a student at

the index school (MVi/Yamagata.Jpn/5.04) and one from a
student at another school (MVi/Yamagata.Jpn/3.04). We also
succeeded in detecting the MV genome in the three patients
(MVs/Yamagata.Jpn/7.04/1-3) from whom we failed to
isolate the virus. Therefore, we were able to identify the MV
infection in all five cases investigated.

The sequence data of the N gene revealed that the 456 bps
region analyzed was identical among the five cases in 2004
(GeneBank Accession No. AB186905 -- AB186909. These
results indicated that identical MVs caused outbreaks at
several (at least three) junior high schools around Yamagata
city between January and February 2004. A search of the
BLAST database showed that the nucleotide sequence
was most similar to the MVs/Vic.AU/21.99 strain (98.0%
identity), which was recently designated as genotype D9 from
Australia (9,10). The phylogenetic tree confirmed that the
MV isolates in Yamagata in 2004 belonged to the same branch
as the reported D9 strains (Fig. 2). This D9 genotype has so
far been found only in Indonesia, Venezuela, Colombia, and
Australia (5,10,11). Analysis of the sequence of the H gene
from the two MV isolates (MVi/Yamagata.Jpn/3.04 and MVi/
Yamagata.Jpn/5.04) confirmed that these strains could be
characterized as the D9 genotype (Accession No. AB186910
and AB186911).

The global laboratory network of the World Health
Organization (WHO) has two functions in measles surveil-
lance. The first is monitoring and verifying virus circulation
and the second is assisting in the determination of the measles
susceptibility profile of a population in a specific situation
(2). In terms of monitoring, analysis of the chronological and
geographical change in circulating genotypes enables us to
determine the epidemiological linkage and transmission
pathways between the measles cases and outbreaks. Interna-
tionally, even the importation and exportation of MVs based
on the global distribution of genotypes have been discussed
(4,5,9,11,12). In this sense, the present isolation of genotype
D9 strains in Yamagata might suggest that they were imported
from a region in which genotype D9 strains had been circu-
lating previously, as described above. The genotypes of MVs
found in Yamagata have changed in recent years, with D5
predominating in 2001 and H1 predominating in 2002 and
2003 as reported as national surveillance data, as shown in
Fig. 2 (3,4). Therefore, we should monitor carefully to be
sure that D9 strains do not become the next predominant virus.

In order to control MV infections, an increase in vaccina-
tion coverage is of primary importance (3). At the same
time, public health laboratories will play an increasingly

Fig. 1.  Epidemic curve of measles cases among the students at a junior high school, Yamagata, Japan, Jan. - Feb., 2004 (n = 28).
The days of onset were estimated based on clinical symptoms.

Table 1. The number of the measles patients in each grade
at a junior high school in Yamagata, Japan in 2004

Attack
Grade No. of patients Total

rate (%)

1st 12 130 9.2

2nd 14 157 8.9

3rd   2 142 1.4

Total 28 429 6.5
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important role in measles surveillance (2). As part of this
surveillance effort, we have herein reported the first case of
an MV outbreak in Yamagata due to genotype D9.

ACKNOWLEDGMENTS

We thank Prof. Y. Yanagi, Department of Virology,
Faculty of Medicine, Kyushu University, for providing the
Vero/hSLAM cells. We also thank the medical staff and the
residents of Yamagata Prefecture for their assistance in the
surveillance of viral infectious diseases.

REFERENCES

1. Katz, S. L., Gershon, A. A. and Hotez, P. J. (1992):
Measles (Rubeola). p. 247-264. In De Young, L. (ed.),
Krugman’s Infectious Diseases of Children. Mosby-Year
Book, Inc., Missouri.

2. Featherstone, D., Brown, D. and Sanders, R. (2003):
Development of the global measles laboratory network.
J. Infect. Dis. 187, S264-269.

3. National Institute of Infectious Diseases and Tuberculo-
sis and Infectious Diseases Control Division, Ministry
of Health, Labour and Welfare (2004): Measles, Japan,
2001-2003. Infect. Agents Surveillance Rep., 25, 60’-
61’.

4. Nakayama, T., Fujino, M. and Yoshida, N. (2004):
Molecular epidemiology of measles virus in Japan.
Pediatr. Int., 46, 214-223.

5. Chibo, D., Riddell, M., Catton, M., Lyon, M., Lum, G.
and Birch, C. (2003): Studies of measles viruses circu-
lating in Australia between 1999 and 2001 reveals a new
genotype. Virus Rec., 91, 213-221.

6. Ono, N., Tatsuo, H., Hidaka, Y., Aoki, T., Minagawa, H.
and Yanagi, Y. (2001): Measles viruses on throat swabs
from measles patients use signaling lymphocytic activa-
tion molecule (CDw150) but not CD46 as a cellular
receptor. J. Virol., 75, 4399-4401.

7. Mizuta, K., Abiko, C., Murata, T., Itagaki, T., Katsushima,
N., Akiba, T., Sakamoto, M., Ootani, K. and Murayama,
S. (2003): Re-emergence of echovirus type 13 infections
in 2002 in Yamagata, Japan. J. Infect., 47, 243-247.

8. Japan Association of Prefectural and Municipal Public
Health Institutes and National Institute of Infectious
Diseases (2002): Laboratory diagnostic manual of measles
virus infection (in Japanese). Available at http://www.
nih.go.jp/niid/topics/index.html.

9. Chibo, D., Birch, C. J., Rota, P. A. and Catton, M. G.
(2000): Molecular characterization of measles viruses
isolated in Victoria, Australia, between 1973 and 1998.
J. Gen. Virol., 81, 2511-2518.

10. World Health Organization (2003): Update of the
nomenclature for describing the genetic characteristics
of wild-type measles viruses: new genotypes and refer-
ence strains. Wkly. Epidemiol. Rec., 78, 229-240.

11. Centers for Disease Control and Prevention (2004): Inter-
national Genotyping Results 2003 - 2004. Available at
http://www.cdc.gov/ncidod/dvrd/revb/measles/intl_geno_
rslt.ht. Accessed 18 August 2004.

12. Rota, P. A. and Bellini, W. J. (2003): Update on the
global distribution of genotypes of wild type measles
viruses. J. Infect. Dis., 187, S270-276.

Fig. 2.  Genetic relationship between measles viruses isolated in
Yamagata, Japan, in 2001 - 2004 (GeneBank Accession No.
AB186900 - 186909) and the reference strains established by the
World Health Organization (10). Phylogenetic tree was based on the
nucleotide sequences (456 bps) coding for the carboxy terminal end
of the nucleoprotein and was generated by the CLUSTAL W
program. The scale indicates 1% nucleotide differences.
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