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This paper studies an infection of norovirus and astrovirus in outbreaks in Korea. In March 2016, gas-
troenteritis outbreaks occurred in Busan. 522 students of three departments at university D had meet-
ing at a restaurant near the university. Some of them had symptom such as diarrhea, vomiting.
Epidemiological, laboratory and environmental investigations were performed to identify the agents
of the outbreaks. Fecal specimens were collected from 35 students and 7 food handlers to identify caus-
ative viral agents. Norovirus genogroup GI and GII were detected from diarrhea patients. Astrovirus
was also detected from some of them. In particular, these outbreaks were the first occurrence asso-
ciated with astrovirus in Busan. Total of 42 samples were collected, and 24 samples resulted in pos-
itive to norovirus (16 cases) and astrovirus (8 cases). To identify the molecular genetic information
of norovirus, we carried out sequences analysis of the detected strains. Norovirus genotypes were
classified into GL3, GL.4, GIL.4, GIL13, GIL.17 and GIL.21. Astrovirus genotypes were seven astrovirus
type 5 and one astrovirus type 2. We performed environmental investigation about water at the kitch-
en, but norovirus and astrovirus were not detected. The statistical analysis was conducted to evaluate
the association between illness and risk factors. The results of this study may contribute to accumulate

more the epidemiological data and develop the public health and hygiene.
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Introduction

Acute gastroenteritis has been known as one of the most
frequent diseases and became a major public health issue
worldwide. The surveillance of gastroenteritis in Korea has
revealed that gastroenteritis caused by viruses becomes
more common and viral infections increase [7]. Now nor-
ovirus becomes a major causative agent of gastroenteritis
outbreaks reported worldwide. Norovirus is a non-envel-
oped, single-stranded RNA virus, classified into five gen-
ogroups, so called GI~GV, based on amino acid identities
in the VP1 (ORF2) [5]. According to a previous study [13],
norovirus can be classified into genotypes, with 9 genotypes
belonging to genogroup GI and 22 genotypes of genogroup
GlI, which is used as the classification standard in this paper.
In recent decades, norovirus GIL.4 has been reported as the
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most common circulating genotype worldwide [8]. Recently,
norovirus GIL17 is becoming the remarkable type causing
large-scale outbreaks of gastroenteritis [14]. The symptom
of norovirus is characterized by acute onset, nonbloody diar-
rhea, vomiting, nausea and abdominal pains.

Astrovirus is a causative enteric pathogens, and it can be
classified genetically into eight genotypes based on the cap-
sid protein precursor (ORF2) [17]. Astrovirus type 1 has been
reported as a predominant type in the world. Astrovirus is
a small, non-enveloped, round, single-stranded RNA virus
[15]. Astrovirus induces a watery mild diarrhea that is last-
ing during 2~3 days and may be related to vomiting, fever
and abdominal cramp [16]. However, astrovirus is clinically
less severe than norovirus infections [3, 21].

There are some researches about astrovirus outbreaks in
various countries. Astrovirus infection was very common in
children more than 3 years old in France [2]. 80% of as-
trovirus infections occurred in children less than 3 years old
in Spanish [6]. In contrast, there was an outbreak of as-
trovirus gastroenteritis in residential care home for elder
people in Scotland [9]. In Korea, the outbreak of the as-
trovirus infection was occurred in riot police camp in 2014

[8]. Astrovirus may be a major cause of gastroenteritis in
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young children, elderly people and immunocompromised
adults [18]. The public health authority needs to give more
close attention to astrovirus because of the outbreaks in
adults [1, 19].

This study conducts an epidemiological analysis on the
outbreaks incidence of acute gastroenteritis of the university
students in March 2016, Busan. We collected data associated
with the outbreak information including dates, locations,
number of patients, patient symptoms and contributing
factors. We identified the epidemic characteristics of nor-
ovirus and astrovirus from the oubreaks. In this study, we
report firstly that astrovirus was the causative agent to the

acute gastroenteritis outbreaks in Busan until now.

Materials and Methods

Epidemiological investigation

On March in 2016, some students of department A in uni-
versity D attended a meeting at a restaurant, and some pa-
tients with diarrhea, vomiting, chills visited the public health
center. The epidemiological investigation team recognized
that there were similar cases of department B and depart-
ment C in the university. All outbreaks occurred at the same
restaurant. The epidemiological investigation team had a site
survey, and obtained the menu of the restaurant, and inves-
tigated other external factors. The restaurant used the water
supplied by mixing tap water and underground water. We
collected the water 1.8 I by using the water sampler at the

kitchen in the restaurant.

Specimens and RNA extraction
Fecal specimens were collected from 35 acute gastro-
enteritis patients and 7 food handlers. The specimen was

diluted in phosphate buffered saline and vortexed for 3 min,

Table 1. The primers used for the detection of NoV and AstV

centrifuged at 3,000 rpm, for 20 min, and collected the
supernatant. Viral RNA was extracted using a GM-autoprep
Kit (Green Mate, Korea) according to the manufacturer’s
instructions. The environmental sample was tested accord-
ing to the Food code of the ministry of food and drug safety.

The detection and genotyping of norovirus and
astrovirus

Norovirus detection was conducted using an Real-time
reverse transcriptase-polymerase chain reaction (Real-time
RT-PCR) and RT-PCR using Real-time RT-PCR Kit (Bioneer,
Korea) with the following conditions: reverse transcription
at 45°C for 30 min, predenaturation at 95°C for 10 min, 45
cycles of denaturation at 95°C for 15 sec, annealing and ex-
tension at 56°C for 1 min. RT-PCR and Semi-nested RT-PCR
were performed to identify genotypes. Astrovirus was de-
tected by RT-PCR using a one-step premix kit (SNC, Korea)
under the followed conditions: 48°C, 40 min; 94°C, 15 min;
94°C, 30 sec; 58°C, 30 sec; 72°C, 60 sec for 35 cycles; and
72°C 7 min. The primers of oligo nucleotide sequence for
detection of norovirus, astrovirus are shown in Table 1.

Nucleotide sequencing and phylogenetic analysis

The PCR products were purified using a QIAquick Gel
Extraction kit (Qiagen, Germany). Sequencing analysis was
performed using a Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, USA) in ABI 3730XL Genetic Analyzer
(Applied Biosystems, USA). The partial sequences of the cap-
sid genes of norovirus and astrovirus isolates were aligned
by Cluster W and compared to reference strains (Table 2).
The phylogenetic analysis was determined using MEGA
program based on the neighbor-joining method with 1,000

bootstrap replicates for genotype classification.

Virus Primer Sequences (5'-3') Size (bp) Application
Nov? GI-FIM CTGCCCGAATTYGTAAATGATGAT Onestep RT-PC
aI GI-RIM CCAACCCARCCATTRTACATYTG 314 Onestep RT-PC/Semi-nested PCR
GI-F2 ATGATGATGGCGTCTAAGGACGC Semi-nested PCR
NoV! GII-FIM GGGAGGGCGATCGCAATCT Onestep RT-PC
Gl GII-RIM CCRCCIGCATRICCRTTRTACAT 313 Onestep RT-PC/Semi-nested PCR
GII-F3 TTGTGAATGAAGATGGCGTCGART Semi-nested PCR
MON269 CAACTCAGGAAACAGGGTGT
2) ;
AstV MON270  TCAGATGCATTGTCATTGGT w Onestep RT-PC

DNoV : Norovirus, JAstV : Astrovirus
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Table 2. Norovirus reference strains (GenBank accession No.) used for sequencing analysis

NC?IV GenBank accession No. I\CI;Y GenBank accession No. AstV GenBank accession No.
GIL1 123828, M87661 GII1 AJ277606, U07611 T 1 AY720892-Dresden
GL2 AJ277610, LO7418 GIL.2 AY134748, X81879 ype L23513-Oxford
AB187514, A]277612 GIL3 EU187437, U02030 Type 2 L13745-Oxford
a3 AY038598, EF547396 Gll4 X76716 AF141381
GQ856470, GQB56471 2007JP-OB200615 Type 3
GQ856473, U04469 GIL5 AF39715, AJ277607 DQ630763-WH1859
AB042808, AJ277616 GIIL.6 AB03977, AJ277620 DQ070852-Brazil
Gl AJ277621, AJ313030 GIL7 AF41440, AJ277608 Type 4 AY720891-Dresden
AB039774, AF414406 GIL.8 AB039780, AF195848 DQ344027-Guangzhou
GLS AJ277614, AM263418 GIL9 AY038599, DQ379715 Type 5 DQ028633-Brazil
AF093797, AF538678 GIIL.10 AF427118, AY237415 Type 6 AB013618-Osaka
GL6 AJ277615 GIL.11 AB074893, AB126320 Type 7 Y08632
AJ277609, AJ844469 GII.12 AB032758, AJ277618 Type 8 AF260508-Yuc
GL7 AY675555 GIL.13 AB078334, AY113106
GI8 AF538679, GU299761 GII.14 AY130761, GQB856465
GL9 GU296356, HQ637267 GII.15 AY130762
GIL.16 AY502010, GQ856476
AY502009, DQ438972
GIL17 AB983218—Kanvasaki
GII.18 AY823304, AY823305
GII.19 AY823306, AY823307
GIIL.20 AB542917, EU373815
GIIL.21 AB542915, AY675554
GI1.22 AB083780, GQ856469

Statistical analysis

We conducted statistical analysis such as odds ratio test,
attributable risk test and the chi-square test to analyze the
characteristics of the infection trends by using SPSS
software. From the statistical results, we can conclude that
the associated food with p-value (<0.05) is considered sig-
nificantly associated with illness.

Results

Epidemic distribution of the outbreaks

Cases were defined as patients with at least two symp-
toms within 24 hours. The number of patients was 15 of
group A, 16 of group B, and 4 of group C. The infection
rates are 12.3%, 5.0%, and 5.0% respectively, which is pre-
sented as in Table 3.

The first patients in group A with symptoms of diarrhea,
abdominal pain, nausea and fever appeared on March 11
and the number of patients peaked on March 12. The disease
onset of group B was on March 12 and the number of cases

peaked on March 13. By the way, illness onset of group C

Table 3. The summary of the outbreaks

Visit date 2016.3.10 2016.3.11  2016.3.15 -
ota
Group Group A Group B Group C
Exposed persons 122 320 80 522
Patients 15 16 4 35
Positive rates 12.3% 5.0% 5.0% 6.7%

was on March 17 and number of peaked case on same date
(Fig. 1).

The symptoms of the outbreaks were diarrhea, nausea,
abdominal pain, vomiting, chills, fever, headache. All the pa-
tients from groups A, B, C had mainly diarrhea, and patients
had abdominal pain 77.1% and nausea 71.4%, which can be
observed as in Table 4.

Laboratory analysis

For fecal specimens and environmental sample, the labo-
ratory tests were performed and shown in Table 5. Among
35 samples from patients, 16 patients were norovirus pos-
itive and 8 patients were astrovirus positive. For norovirus
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Fig. 1. The number of patients on each date of groups A, B, C.

Table 4. Symptom-wise distribution of patients

No. of patients

Symptom Group A Group B Group C  Total
(n=15) (n=16) (n=4) (n=35)
Diarrhea 15 16 4 35 (100%)
Fever 4 5 2 11 (31.4%)
Chills 7 7 2 16 (45.7%)
Nausea 11 11 3 25 (71.4%)
Vomiting 6 10 3 19 (25.7%)
Abdominal pain 14 10 3 27 (77.1%)
Headache 3 1 1 5(14.3%)
other 1 1 0 2(5.7%)

detection, 53.3% were norovirus positive in group A, 31.3%
in group B, 75% in group C. For astrovirus detection in each

Table 5. The detected viruses related to outbreaks in Busan

group, there was no astrovirus positive in group A, but,
37.5% in group B and 50% in group C.

The distributed genotypes of norovirus and astrovirus are
presented in Table 6. Norovirus genotypes were GL3, GL4,
ClIl4, GIL13, GI1.17 and GIL21. Norovirus GI1.17 was mostly
detected among all genotypes (43.8%, 7/16). The genotype
of astrovirus was identified as type 5 in seven patients and
type 2 in only one patient. There are three patients infected
with norovirus and astrovirus simultaneously. The first pa-
tient was infected with GL3 and astrovirus type 5, and the
second patient with GL.4 and astrovirus type 5, the last pa-
tient with GIL.21 and astrovirus type 5.

Phylogenetic analysis of the astrovirus and norovirus was
performed based on the primers and reference stains in

Group A (n=15)

Group B (n=16)

Group C (n=4) Total (n=35)

No. of Norovirus detection 8 (53.3%) 5 (31.3%) 3 (75%) 16 (45.7%)
No. of Astrovirus detection 0 6 (37.5%) 2 (50%) 8 (22.6%)
Table 6. The genotypes of distribution cases
. No. of No. of .
Virus Genotypes Norovirus GI Norovirus GII No. of Astrovirus Total
GL3 2) 2)
Gl4 1 1)
Norovirus cli4 L L
v GIL13 2 2
GIL17 7 7
G121 3 3)
Astrovirus type 2 1) 1*)
type 5 7 7
Total 3 13 8 24

) One of figure is co infection with astrovirus.
) Three of figure are co infection with norovirus.
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Table 1, 2. Phylogenetic analysis of astrovirus revealed
that the detected type 5 strains tend to be closely related

to each other and are classified into Brazil strains. Thus, it
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Fig. 4. Phylogenetic analysis of identified norovirus based on
GII and strains from patients are indicated by the shad-
ed black circles.
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is observed in Fig. 2 that the similarities of the nucleotide
sequences is 100% for AstV type 5. Phylogenetic trees of nor-
ovirus are shown in Fig. 3 (GI) and Fig. 4 (GII). The genotype
of sequences was decided in agreement with more than 90
% identity of reference sequences. The nucleotide sequence
previously registered in the GenBank also had a high level
of similarity at 94.8-96.0% with GI and 97.0-98.6% with GIL
Note that the dates of the outbreaks at the restaurant are
various and there is no mandatory regulation that the pri-
vate restaurant keeps the food ingredients unlike school
cafeterias. Thus it is difficult to identify directly the pathogen
on food because the food and ingredients don’t remain at
the restaurant. Moreover there was no norovirus and as-
trovirus positive in the underground water. We investigated
the food which patients had on that date, which are summar-
ized as in Table 7. This study conducted the odds ratio and
the chi-square test to analyze statistically the characteristics

of the infection causes. Through the statistical methods, the

Table 7. Association of illness with foods

odds ratio values with 95% confidence intervals (Cl) and the
p-values are obtained. It can be observed from Table 7 that
chicken and filtered water (on March 10), sweet and sour
pork, fish cake soup and filtered water (on March 11) have
p-value<0.05 and the high odds ratio values. Based on these
results, we can remark that the foods with p-value<0.05 seem

to be significantly associated with illness.

Discussion

The outbreaks occurred among the university students
which are 20's healthy people. The causative viral agents
of the outbreaks were indicated as norovirus, astrovirus and
co-infection of them. A total of 16 norovirus strains were
sequenced and clustered into two distinct genogroups, GI
and GIL Six kinds of genotypes were found as GL3, GL.4
GIL4, GIL13, GIL.17 and GIL.21. In particular, GI.17 become
the leading cause of norovirus related gastroenteritis in these

No. of patients

No. of controls

Group Meal No 5 p-value Odds ratjo Attributable
Date intake . Total  intake Total (95% CI) risk
intake take

Sweet and sour pork 11 4 15 21 9 30 0.9074 1.1786 0.0360

Fish cake soup 8 7 15 18 12 30 0.9150 0.7619 -0.0607

Assorted sausages 2 13 15 3 27 30 0.8668 1.3846 0.0750
Group  Assorted fried 0 15 15 0 30 30 - -

A Chicken 12 3 15 11 19 30 0.0153 6.9091 0.3853
Spicy Sausage Stew 1 14 15 6 24 30 0.4672 0.2857 -0.2255
Tricolored cookies 2 13 15 3 27 30 0.8668 1.3846 0.0750
Filtered water 13 2 15 6 24 30 0.0001 26.0000 0.6072
Sweet and sour pork 14 2 16 10 24 34 0.0004 16.8000 0.5064
Fish cake soup 14 2 16 12 22 34 0.0017 12.8333 0.4551
Assorted sausages 2 14 16 1 33 34 0.4906 4.7143 0.3687

Group  Assorted fried 1 15 16 0 34 34 0.6967 -

B Chicken 5 11 16 13 21 34 0.8696 0.7343 -0.0659
Spicy sausage stew 2 14 16 1 33 34 0.4906 4.7143 0.3687
Tricolored cookies 3 13 16 2 32 34 0.3631 3.6923 0.3111
Filtered water 15 1 16 9 25 34 0.0000 41.6667 0.5865
Sweet and sour pork 2 2 4 5 5 10 0.5541 1.0000 0.0000
Fish cake soup 3 1 4 5 5 10 0.7978 3.0000 0.2083
Assorted sausages 0 4 4 0 10 10 - -

Assorted fried 0 4 4 0 10 10 - -
Group  Chicken 2 2 4 4 6 10 0.7978 1.5000 0.0833

C Spicy sausage stew 1 3 4 1 10 0.9039 3.0000 0.2500
Kimchi stew 0 4 4 0 10 10 - -

Duruchigi 0 4 4 1 9 10 0.6225 0.0000 -0.3076
Tricolored cookies 0 4 4 3 7 10 0.6066 0.0000 -0.3636
Filtered water 3 1 4 2 7 9 0.2350 10.5000 0.4750

CI : confidence interval



outbreaks. Norovirus GIL.17 emerged in 2014 as the predom-
inant genotype of causing acute gastroenteritis in China.
Some researchers forecast that norovirus GII.17 will cause
the next global epidemic [4, 12, 20], and suggests to track
the outbreaks caused by this strain globally. Thus, it is neces-
sary to continue monitoring epidemiological trends of nor-
ovirus surveillance in its geographical spread and evolution.

In addition, astrovirus has been distributed in the world
and prominent in Asia and Europe. Astrovirus type 1 is a
predominant strain in Korea and worldwide. Then, as-
trovirus type 1 may have almost immunized many people
and therefore is not infectious anymore [10]. By contrast, as-
trovirus type 5 is an uncommon strain in Korea, and a few
individuals possess immunity. In this study, 8 astrovirus
strains were detected and 7 of them were identified as-
trovirus type 5. Astrovirus generally induces mild diarrhea
in infants [2, 6, 11], however in this study, astrovirus in-
fection induced gastroenteritis especially in adults. This pa-
per found that norovirus GIL.17 and astrovirus type 5 were
the most predominant genotypes. Therefore, it can be con-
cluded that the genotypes identified in this study might be
the significant types in outbreaks in Korea.

However, norovirus and astrovirus were not detected in
ground water at the kitchen of the restaurant. Indeed, the
statistical risk showed the exposure to patients and sharing
a filtered water was associated with the spread of infection.
The analyzed results suggest that there may be several in-
fection routes for the norovirus and astrovirus infection.

This is the first report of molecular epidemiology of nor-
ovirus and astrovirus infections in acute gastroenteritis, as-
sociated with outbreaks in Busan, Korea. The outbreaks re-
lated to astrovirus have not been found in Busan before, and
has been rarely studied in the literature. Consequently, this
paper considered an important epidemic outbreak. In addi-
tion, the genetic characteristics of norovirus and astrovirus
from patients have also been analyzed, and it was charac-
terized statistically the transmission route that might cause
gastroenteritis outbreaks.

References

1. Belliot, G., Laveran, H. and Monroe, S. S. 1997. Outbreak
of gastroenteritis in military recruits associated with sero-
type 3 astrovirus infection. . Med. Virol. 51, 101-106.

2. Chikhi-Brachet, R., Bon, F., Toubiana, L., Pothier, P., Nicolas,
J. C, Flahault, A. and Kohli, E. 2002. Virus diversity in a
winter epidemic of acute diarrhea in France. ]. Clin. Microbi-
ol. 40, 4266-4272.

10.

11.

12.

13.

14.

15.

16.

Journal of Life Science 2016, Vol. 26. No. 9 1005

. Chung, J. Y. 2007. Acute viral gastroenteritis: recent trends

and updates. Kor. |. Pediatr. Gastroenterol. Nutr. 10 Suppl
1, 53-57.

. de Graaf, M., van Beek, ]J., Vennema, H., Podkolzin, A. T.,

Hewitt, J., Bucardo, F., Templeton, K., Mans, ]., Nordgren,
J., Reuter, G., Lynch, M., Rasmussen, L. D., Iritani, N., Chan,
M. C, Martella, V., Ambert-Balay, K., Vinje, J., White, P.
A. and Koopmans, M. P. 2015. Emergence of a novel GIL.17
norovirus - End of the GIL.4 era? Euro. Surveill. 20, 1-8.

. Division of Viral Diseases, N. C. f. I, Respiratory Diseases,

C. f. D. C. and Prevention. 2011. Updated norovirus out-
break management and disease prevention guidelines.
MMWR Recomm. Rep. 60, 1-15.

. Guix, S., Caballero, S., Villena, C., Bartolome, R., Latorre,

C., Rabella, N., Simo, M., Bosch, A. and Pinto, R. M. 2002.
Molecular epidemiology of astrovirus infection in Barcelona,
Spain. ]. Clin. Microbiol. 40, 133-139.

. Ham, H., Oh, S, Jang, J., Jo, S., Choi, S. and Pak, S. 2014.

Prevalence of human astrovirus in patients with acute
gastroenteritis. Ann. Lab. Med. 34, 145-147.

. Hwang, B. M,, Jung, S., Jeong, H. J., Chung, G. T., Kang,

Y. H, Yang, S. ], Seo, N. Y., Shin, T. H., Yoo, C. K. and
Lee, D. Y. 2015. Outbreak of astrovirus in adults with acute
gastroenteritis in Korea. ]. Gastrointest. Dig. Syst. 13, 1-4.

. Jarchow-Macdonald, A. A., Halley, S., Chandler, D., Gunson,

R., Shepherd, S. J. and Parcell, B. J. 2015. First report of an
astrovirus type 5 gastroenteritis outbreak in a residential
elderly care home identified by sequencing. J. Clin. Virol.
73, 115-119.

Jeong, A. Y., Jeong, H. S,, Jo, M. Y., Jung, S. Y., Lee, M.
S., Lee, J. S, Jee, Y. M., Kim, J. H. and Cheon, D. S. 2011.
Molecular epidemiology and genetic diversity of human as-
trovirus in South Korea from 2002 to 2007. Clin. Microbiol.
Infect. 17, 404-408.

Jeong, H. S., Jeong, A. and Cheon, D. S. 2012. Epidemiology
of astrovirus infection in children. Kor. J. Pediatr. 55, 77-82.
Jing, L., Limei, S, Lin, F.,, Feng, Y., Yanling, M., Jiaqian,
L., Huanying, Z., Xiachua, T., Hualiang, L., Shannon, R,
Lili, G., Changwen, K. and Li, H. 2015. Gastroenteritis out-
breaks caused by norovirus GI.17, Guangdong province,
China, 2014-2015. Emerg. Infect. Dis. 21, 1240.

Kroneman, A., Vega, E., Vennema, H., Vinjé, ], White, P.
A, Hansman, G., Green, K,, Martella, V., Katayama, K. and
Koopmans, M. 2013. Proposal for a unified norovirus no-
menclature and genotyping. Arch. Virol. 158, 2059-2068.
Lu, ], Fang, L., Zheng, H,, Lao, ],, Yang, F., Sun, L., Xiao,
J., Lin, J., Song, T., Ni, T., Raghwani, J., Ke, C., Faria, N.
R., Bowden, T. A, Pybus, O. G. and Li, H. 2016. The evol-
ution and transmission of epidemic GII.17 noroviruses. J.
Infect. Dis. 214, 556-564.

Malasao, R., Khamrin, P., Chaimongkol, N., Ushijima, H.
and Maneekarn, N. 2012. Diversity of human astrovirus
genotypes circulating in children with acute gastroenteritis
in Thailand during 2000-2011. ]. Med. Virol. 84, 1751-1756.
Maldonado, Y., Cantwell, M., Old, M., Hill, D., Sanchez, M.
L., Logan, L., Millan-Velasco, F., Valdespino, J. L., Sepulve-



1006

17.

18.

BBULRIX| 2016, Vol. 26. No. 9

da, J. and Matsui, S. 1998. Population-based prevalence of
symptomatic and asymptomatic astrovirus infection in rural
Mayan infants. ]. Infect. Dis. 178, 334-339.

Martella, V., Pinto, P., Tummolo, F., De Grazia, S., Giam-
manco, G. M., Medici, M. C.,, Ganesh, B., L'Homme, Y.,
Farkas, T., Jakab, F. and Banyai, K. 2014. Analysis of the
ORF2 of human astroviruses reveals lineage diversification,
recombination and rearrangement and provides the basis
for a novel sub-classification system. Arch. Virol. 159, 3185-
319.

Mendez, E. A. and Arias, C. F. 2007. Fields Virology, Vol.1,
5th ed., pp. 891-1000. In: Knipe, D. M., Howley, P. M.,
Griffin, D. E., Lamb, R. A., Straus, S. E., Martin, M. A. and
Roizman. B. (eds.), Lippincott Willliams & Wilkins,

Philadelphia. USA.

Oishi, I, Yamazaki, K., Kimoto, T., Minekawa, Y., Utagawa,
E., Yamazaki, S., Inouye, S., Grohmann, G. S., Monroe, S.
S., Stine, S. E. and et al. 1994. A large outbreak of acute
gastroenteritis associated with astrovirus among students
and teachers in Osaka, Japan. ]. Infect. Dis. 170, 439-443.
Parra, G. I. and Green, K. Y. 2015. Genome of emerging
norovirus GII.17, United States, 2014. Emerg. Infect. Dis. 21,
1477-1479.

Yi, ], Lee, J. K,, Chung, E. H., Cho, D. H. and Kim, E. C.
2004. An outbreak of astrovirus infection of newborns with
hemorrhagic diarrhea in a neonatal unit. Kor. J. Clin.
Microbiol. 7, 55-58.

19.

20.

21.

=5 HHAISS EXI0M ZEE T=2H0[2A ! OIAEZHI0[2{AQ EXINSHY A4

TEg - mEE - Wy

(RGN RARAATY, RS vy B3

2016\d 3¢, H4F DSt I 4NN BYS 3 &, AL FEE Sastes faS0] AT gtz

He A 82 g ag A 2H3AA tE 28 AAE FRFAL AT M FHolA AEEF
o3 A APt A AA 494 ==2utolg 2 1671, of2EZuto|g 2 8710] AEHUNoH, k2
o] 29 #$E Gl Gl genogoup EF HEH Ao, GL3, G4, Gll4, GIL13, GIL17, GIL21& 67}A thoFd
A 228 AT o 2EZuto]2 2] 4 Type 53 Type 29 #34d 22X Sttt
TG w2uto)g 29 ofrERutolg 27t B FAE 3 A2k 2FE YT mRutolae AAAH
E G4 o] Fd3ta 3, HZoe GlLI7Y ] 23t F5ste & wet & 7oA = GlL17d o] 713
A g on, okxERutolg 2 AeE THolA $AF FAAFA Type 1% A Aol7t le A
53], FAA YA o} 2EZuto|gf 27 AFE TA Y U] @ AfE ool A AHAA B AFE F3h
FAA G A5 B 2 By FFE sotde W 544 A3E AU




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


