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ABSTRACT - The purpose of this study was to examine the appearance of norovirus in the water for food in food
service institutions and the influence of physicochemical and microbial factors of norovirus in order to work out basic
data to predict the detection of norovirus. Among 82 samples of water for food in food service institutions, norovirus
appeared in 7 samples and the rate of appearance was 8.5%. As for the type of norovirus, one samples contained GI
type (genotype GI-6} and six samples contained GH type (genotype GII-2, GlI-4, GII-12). In the regression model of
prediction of norovirus, the rate of appearance was correlated with NH;-N, total solids and the consumption of
KMnQ,, out of such variables as NH,-N, total solids, the consumption of KMnO,, depth, chloride and total colony
counts, and its contribution rate for effectiveness was 78.60%. In order to examine the influential factor of environ-
ment upon the detection of norovirus, Pearson’s correlation analysis was carried out. The predictable regression for-
mula for appearance rate of norovirus was expressed as -1.818 +42.677 [NH,-N]+0.023 [total solids]+ 0.762
[consumption of KMnQ,] -0.009 [depth] -0.146 [chloride] + 0.007 [total colony counts] (R =0.904, R*=(0.818,
adjusted R* = 0.786, p < 0.05). The most influential factors upon the detection of norovirus were NH;-N, total solids
and the consumption of KMnO, In other words, when the measured values of NH,-N, total solids and the consumption
of KMnO, were higher, the possibility of appearance of norovirus increased.

Key words: Norovirus, physicochemical factor, microbial factor, one-step RT-PCR, semi-nested PCR.
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Norovirus #4102 Heh 255 Yol f#5& FAok
w3 2z 2k gk Norovirus FAME FEEHH o
of that AAH A Hov, APA EI gt i
2 oo)foix] o)o] thek AA A 1yt dasieh 2
Fol A 2008 98 EE 2000 109704 dilF Al
FHEE W FHEEE X8 A 417 Mk
R AR, F-E8) 23585 824152 norovirus
AEuleel 22 - shebd, AT 247} v Gl
gk A8 530 norovirus A& #4821 7He] WAE 1
wataat stk ol Eafl AEER 2§ norovirus 2
ZI wbAS oubhelil norovirus® 23817] 18] IMlE-T
= SWErE 275 AAPEGI-RNA FE-PCR-Y
714 % -sequencing)ys d-&317] Hell Algive] 7gtaliL
Hel gt Bo] 3hehs gl vl S &) o]& norovirus

-3pEkE] B8 ffa] AlohslEbi(Tedia,
Ohio, USA), ug}?‘J‘E?; {Sigma Chemical, Steinheim, Germany),
28% SFELeb(Wako, Tokyo, Japan), o] & E T
(Sigma Chemical), 934F8] =240}yl (Samchun, Pyeongtaek,
Korea), $13lvtdl g - 6578 5(Sigma Chemical), W Ed =
{Yakuri, Osaka, Japan), BHH24(Sigma Chemical), o€ 2l
tholol 8] Edfola E bl L EE(Sigma Chemical), 34t
(Duksan, Ansan, Korea), 53 HEF (Kanto, Tokyo, Japan),
F AR (Kanto), 982 E - 65735 (Wako), A9
gl ] } 'H(Junsei, Tokyo, Japan), sodium thiosulfate (Wako),
ol Ak Ao v EE(Sigma Chemical), ZE4HHE (Hayashi,
(ﬂ)saka, Japan), 22h&-(Kojima, Sayama, Japan) A 2F& A}
SEAN, s BAE 98 standard plate count agar
(Oxoid LTD., Basingstoke, Hampshire, England), EC-MUG
(Oxoid Ltd.), lactose broth (Oxoid Ltd.), BGLBYXI(BD, Le
pont de claix, France), EMB (Oxoid Ltd.), Bile esculin azide
agar (Remel Ltd., Lenexa, USA), asparazine agar (Difco Ltd.,
Le Pont de Clax, France), acetamide slant agar medium
(Difco Ltd.), trypease soy broth (Millipore, Molsheim, France),
selenite broth base (Oxoid Ltd.), bismuth sulphite agar (Oxoid
Ld)E, A2 84]-8 98] 4719 7124(BD, Le Pont Claix,
France), QIAGEN-Viral RNA Mini Kits (Qiagen, Hilden,
Germany), 1-step RT-PCR enzyme mix, 1-step RT-PCR buffer
mix % water DEPC treated (Gendepot, Texas, UQA) G]FIM
G,F M, GRM, G,RM, GFM, GFM, GRM % G,RM
(Bioneer, Tagjeon, Korea), Tag polymerase, 10x Tag buffet
9 INTP-mix (Solgent, Tagjeon, Korea)s A8-8}9it}.

ANEE
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1 A 24 76Le] 2F85E s2 & F 21
& 71(Y&K, Ansung, Korea)oll EF]3to] Al ggoz
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Saint Paul, USAY! ZH3gch AR sl 717
1= ofe] 2 ¥p2o) Wull(Windex, Seoul, Korea)& AHE-8ho]
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vius E H BEAS ARG, AEAEET 5o
Norovirus A5 [2] -2 oREb% 21A] #12007-685.(2007.

18)]el wheh A SFATHY.
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Fig 1. Sampling stations in ClungCheong area. The detection rate
of norovirus in food service institutions, which using ground
water in Chungceheong area (Daejeon Metropolitan City, Chun-
gchengnam-Do and Chungchengbuk-Do), was examined over the
period from September 2008 to October 2009.
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2000, Saint Paul, USA), 14%-2](J-301, Beckman coulter,
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Switzerland), PCR (Thermocycler, Bioneer, Gottingen, Gerany)
g 47195 (MULTINA MCE-202, bnmadm Tokyo, Japan)
o} AL A Noroviruss AARSISITH FAAEAE ¢

3l RT-PCR (reverse transcription-polymerase chain reaction)¥t
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Sample collection
(Water for food)

«]-MDS filter cartridge
<76 L by pass
«1,500-1,800 L filtering

- Pressures Jess than 30 PSI

- If the sample has a pH above 80

{Addition of 0.1 M HCl : pH 65-75)

(et rid of residue Chlorine

[Addition of 2% (w/v) sodiumthiosulfate 10 mL/H0 3.8 L]

i

Remove excess water }

%

Conveyance (Ice packing) )

Elution[1.5% (w/v) beef extract] |

Adjustment pH 7.0-75 | addition of 1 M HCl

Concentration —}

«-pH 3520.1 (1 M HCI/ 30 min, room temp.
—Centrifuge (2500xg/ 15 min, 47)
«pH 90~985 (0.15 M sodium phosphate,
10 min, room temp.)
«Centrifuge (7,000xg/ 10 min, 47T}

3

]

[
H

Precipitation

Solution

| [

—pH 70-75(1 M HCD

«Filtering (0.22 m, syringe filter)

—Safe keeping (4C/24 h, ~70C: long term
storage)

§ RNA extraction |

| One-step RT-PCR (340 base pair)

| Semi-nested PCR (310 base pair) |
H
l

§ Electrophoresis S

i Sequencing {

Fig. 2. Schematic diagram of norovirus analysis. Flow sheet summarizing the procedure of one-step RT-PCR and semi-nested PCR for
norovirus analysis of the water.

Table 1. Primers and sequences

Genogroup Primer Sequence (§' —» 3") Application
GI-FIM CTG CCC GAA TTY GFTA AAT GAT GAT One-step RT PCR
o > ._
I GI-RIM CCA ACC CAR CCA TTR TAC ATY TG One-step RT PCR / Semi-nested PCR/
Sequencing
GI-F2 ATG ATG ATG GCG TCT AAG GAC GC Semi-nested PCR / Sequencing
GII-FIM GGG AGG GCGATC GCAATCT One-step RT PCR
I GI-RIM CCR CCIGCA TRI CCR TTR TAC AT One-step RT PCR / Semi-nested PCR/
Sequencing
GII-F3M TTG TGA ATG AAG ATG GCG TCG ART Semi-nested PCR / Sequencing
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Fig. 3. Result of one-step RT-PCR and semi-nested PCR. (Gl type
of norovirus). Lane X1: marker, Lane 1-NC: negative control, Lane
1-PC: positive control (Type: GI-6), Lane 1-BL: blank, Lane [-A:
detected sample (red dotted circle), Lanes 1-B.C.D.EF.G: not
detected samples.

<Left> Electrophoresis of norovirus. <Right> Rt of electrophoresis.
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<Left> Electrophoresis of norovirus. <Right> Rf of electrophoresis.

5.0KY 8.80mm «50.0k SELD

Fig. 5. Norovirus (red dotted circle) cling to the surface of 1-
MDS filter (HM mode 50,000%). Ultra-high Resolution FE-SEM
(Hitachi, 5-4800, Minato-ku, Tokyo, Japan). Resolution: 2.0 nm
(L kY, WD = 1.5 mm, normal mode). Magnification: HM mode
50,000x. Speciman stage (type 1): X =0-50 mm, Y = 0-30 mm,
Z=1530mm, T=-5t0+ 70°, R=360"

Maximum sample size = 100 mm dia.
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Table 2. Physicochemical results of drinking water in food service institutions

Item Standard" Unit Min. Max. Mean = 8.D.”  Exceedances (%)
NH;-N Not more than 0.5 mg/mL ND? 0.12 0.02 +0.04 0.00
NO,-N Not more than 10 mg/mL 0.30 15.80 441+£298 0.00
Consumption of KMnQO, Not more than 10 mg/ml. ND 3.79 0.72 +0.88 0.00
Total solids Not more than 500 mg/mL 44.00 320.00 189.20 + 66.80 0.00
Turbidity Not more than | NTU ND 5.18 0.40 + 0.81 2.40
Color Not more than 5 Degree 1.00 25.00 1.70 £ 3.80 2.40
Hardness Not more than 300 mg/mL 43.70 213.00 94,40 + 39,50 0.00
pH 5.8~8.5 - 6.00 8.30 6.90 £0.50 0.00
Chloride Not more than 250 mg/mL ND 32.00 13.00 + 8.00 0.00

Value are Min., Max. and Mean & S.D., n=82.
PStandard: NIER (National Institute of Environmental Research) standard of drinking water.

ND: Not detected.

¥8.1).: Standard deviation.

Table 3. Microbial results of drinking water in food service institutions

[tem Standard"! Unit Min. Max. Mean+8.D.%  Exceedances (%)
Total colony counts Not more than 100 CFU/mL NG? 230.00 37.00 + 49.00 7.30
Total coliforms Negative CFU/100 mL NG - - 0.00
Fecal coliforms Negative CFU/100 mL NG - - 0.00
Fecal Streptococcus Negative CFU NG - - 0.00
P aeruginosa Negative CFU NG - - 0.00
S. tvphimurium Negative CFU NG - - 0.00

Bacterial counts were presented as CFU/mL. Value are Min,, Max. and Mean & 8§.D., n= 82,
UStandard: NIER (National Institute of Environmental Research) standard of drinking water.
ING: Negative, 7'S.D.: Standard deviation.

= u}o) et

L=e)

213}ed pilot scale 2
& AN

M EE
4%

e
FIE 6,90, A

L ﬂ%q——r‘ }

L &) 71 23 O

i
O H= }\)—Z*B:_Q] iwlo)

_O_‘I %a g]-‘b'l';('l Hk‘i
] b
1

Ag)
9= norovirus®. ¢18F FukalE
141 'U %‘J ;zo]j:

IdOHo] SE

=370

oy 38

ofy
o2 b1 e

L]

2 o)

= O

Ol

|

. USEPA (united states environmental protection
w)gsk WelA ujAleS

of ofzA oA 2

A o] 817

A=A Ae] oA

25504 Aol HEghe wH Fiol e

5170, §72 040 NTU (nepthelometric turbidity

unit), OLEHOVJGEQZQ 0.02 mg/mL, ZAH3E 2 441 mg/mL,

sz bANRE AR 0,72 mg/mL., F8E
% 94,40 mg/ml, ¥ ’“Of%

Song §e Asg A dole
Zolelrwl ¥ 69024 Zold

AL

189.20 mg/ml.,

13.00 mgmlLE 508 &

6@-—9 A ehe s 2zt 2.40%

%“h ]}

T

| e

A(filter 5)o] L

S§5 FUNES &

[ giog o

Ry

I;M o:}:[LQﬂ ,q 4‘(:
= X}OVF BA )\A——U% “3:}

Huol E sk AA A A Zlol) e E T e
wbal sidnl, ole X Hgv) AlEE do] A 9
ol B Kol B Ze AL AXHA AAE7]
Fol oz B et 4F-Ee Bl £4E
#Z drdopdaA s A d A Akl d g, abgkak
Fav e Zojry G A Ve, ol ¢hRY
ol A A, A A 0] A A 7153 Song 0] A

Nz g0l OB
Chung $2& )% {h}, BN, gt A2
=8 ofo] AMIAE HL dubAlet, thigtat dek
of oFo] A4AAAE B l”rfﬂ- stadch. w3k, gkl vho]
elze] A 548 S Bae] Brbed v
o}«g}g] LR oﬂ}\i AR ,;o] EOlR] = ‘ﬁ‘éﬂo] ‘E]ﬂ}-f_
atrom, X”%“ﬂ vlol# 9] Mgz zhol & 759-Al 71

2 N P

L} O
R

A (sediment)ol A YA o2 1o} A
o dE] b e Oi’a—oﬂ gAA Ha e A4
zF skAl geuka S

A 3G uAESE BAAN T, B A
Tk, EEat, ARdEE AERA gskon] it



Investigation of Norovirus Occurrence and Influence of Environmental Factors 159

Table 4. Comparison of positive samples and negative samples identified by KFDA method with norovirus water quality factors

) Positive Samples(n=7) Negative Samples(n=75)
ftem Unit -

Min. Max, Mean + $.D." Min. Max. Mean = $.D."
pH - 7.00 7.50 7.30+0.20 6.00 8.30 6.90+0.30
Color Degree 1.00 2.00 1.10+£0.40 1.00 25.00 1.90 = 4.20
Turbidity NTU 0.58 0.86 0.69+0.12 NDY 5.18 0.34 + 0.89
NH,-N mg/mL 0.05 0.10 0.08 == 0.02 ND 0.12 0.01 £0.03
NO,-N mg/mL 0.30 6.90 4.54 +2.81 0.90 15.80 4.39+3.05
Consumption of KMnO, mg/mL 1.25 1.71 051 %016 ND 3.79 0.55+ 088
Total solids mg/mL 250.70 320.00 287.20 + 23.80 44.00 292.00 169.00 = 53.40
Hardness mg/mlL 43.70 193.00 90.80 + 48.90 48.00 213.00 97.30 = 35.00
Chioride mg/mL 4.00 3.00 6.10+3.10 ND 32.00 14.20 + 8.00
Total colony counts CFU/mL 30.00 125.00 73.00 + 30.00 NG 230.00 30.00 = 49.00
Fecal coliforms CFU/100 mL NG - - NG - -

Total coliforms CFL/T00 mL NG - - NG - -
Fecal Streptococcus Cruy NG - - NG - -
P aeruginosa CFU NG - - NG - -
S. typhimurium CFU NG - - NG - -

US.D.: Standard deviation, “NG: Negative, "ND: Not detected.

B 24% WA A 230,00 CFU/mML 508 S84 4 SHANBY HEYS BE A0l T 690, ME 1.90,
2 S 730%5 VERLCHTable 3). IAAEE g% 034 NTU, gev]opd % 4 0.0 mg/mL, WVM@
Febot, A AT E Ea, ded e 439 mg/mL, }IHAREEARE 055 my/ml, FTALEE
S dow B ou A WYMol 169.00 mg/mL, A% 97.30 mg/mb, §40]2 14.20 mﬂ/mL

Ao A 2 el Mo} el A AubAlE 30.00 CFUML B o, L4
PR FAIEE AL AR AN O AIWATE, w6, dAE $9E L}aumdr.

A&l #H| 2H(abandoned well) #8], 9.9
s

(s}
ool Av|A vl “Elh}"". 3RS B0 norovirus £ o=

Ao

Lee & o4 vpelej AEol et Aol &
Norovirus ZHE0120] TE AH 201 BN =rb B AR poIA HlolHs HEEE St
Ko & 437 nlelels PN HEG ea)ot 44 E ool Eme] A9 vholeis dERire] 98e vR]A] of
(8l eayel =]stehy] B4% 2Aleh 23 faolesies BUal SFAL, Stetler 57V0] Hargh Bhe} H}G;EM_ 7]
7 zpol7t glolont AnblgS, S-S A a3 Fo| HHE @At kil st e, Keswick 59%
arel s Al RS Wik B we 3E Bm9vh SVl vy Svlgkel wiel wholeil EWinie &)
Table 49} 7ro] ¥ ol M= norovirus AR E(T ea) RN T Lk
oF SAAF(T5 ea)2] BTiEE4 BAE FAEE A3 Norovirus®] A& H&S & SARE FASH]
Lol & Xolv) g9, Ik, RugiRe 18l Pearson 235238 AAsh A noroviru HE
WAAE Abelo] Hatgho] SR Afole] Hargh wrh P s A dAke dRVeddA, YR, 3
T2 4g Hlow, ols Ko §0el A nlelels <l Wbk nlEsh Aadg B, RV E A,
FAstel A skl B bbb vl ake] w-E89E norovirus A&
B, e, ehnobd A A o] A9 norovirus YA Feidol 2o vl s vehd Sl 9 E B
AEaR Hiro] SAA RS HaR ok =k Norovirus o“& norovirus =3 o & REe ofef 23 Fro] mEE T
ARl Bk B Aol F 730, M L0, B (Table S).
0.69 NTU, ¢Fviobd 2 0.08 mg/ml, EAH é{ﬁ: 454 Norovirus =-1.818 +42.677 [NH,-N] + 0.023 [total solids] +
mg/mL, U7 _/rﬁ]f%} 0.51 mg/mL, S35 28720 mg/ 0.762 [consumption of KMnQ,] - 0.009 [depth] - 0.146 [chloride]
mL, 5 90.80 mg/n %jtol - 6.10 mg/mL, YNEA] +0.007 [total colony counts] (R =0.904, R*=0.818, adjusted
73.00 CFU/mL % LH oL, A A, Bl R*=0.786, p <0.05).

e, e, AR L}?ﬁ - 598 YeRIRI L Norovirus Norovirus?l 8 &-8 W4z Muld Jdrvjoldas &
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Table 5. Pearson correlation between norovirus, total colony counts and water parameters

ftem Depth  NH;-N  NO,-N  C.Mn? T.8" Tb" Color Hard® pH T.C.CY  Chloride
Depth 1.000
NH,-N -0.314 1.600
NO;-N 0.020 0.355" 1.000
C.Mn” -0.101 0.228 -0.116 1.000
T.8" -0.197 0.509"  0.139 0.310" 1.000
T.b" -0.208 0.055 0.020 ~0.009 0.098 1.000
Color -0.097 -0.106 0.048 -0.081 -0.012 0.978" 1.000
Hard” 0.092 -0.029 -0.092 -0.055 0.452" 0.255 0.322" 1.000
pH -0.100 0.030 04617 0.392° 0.196 0.007 -0.023 0.175 1.000
T.C.C" -0.129 0402 0219 0.015 0.046 0.236 0.072 <0325 -0.107 1.000
Chloride  0.204 -0.115 0.317 -0.045 0.018 -0.116 0.009 0.230 -0.227 -0.154 1.000
N.V¥ <0379 0.7397  0.020 04157 06747 0.166 -0.072 -0.042 0.306 0.332° -0.385"™

PT.8: total solids, C.Mn: consumption of KMnQ,, *'T.C.C, total colony counts, ¥T.b: turbidity, “Hard: hardness, “N.V: norovirus.

"Marked correlations are significant at p < 0.03.
“Marked correlations are significant at p <0.01.

Table 6. Regression summary for dependent variable

Unstandardized Standardized
Item coefficients coefficients 1 p-value R2 adjusted R’
B Std. error of B Beta
Constant -1.818 1.191 -1.526 0.136 0.818 0.786
NH;-N 42.677 10.528 0.394 4.053 0.000 - -
T.8" 0.023 0.005 0.402 4.498 0.000 - -
NV C.Mn? 0.762 0.336 0.176 2.271 0.030 - -
Depth -0.009 0.008 -0.088 -1.128 0.267 - -
Chloride -0.146 0.036 ~0.306 -4.040 0.000 - -
T.CCY 0.007 0.006 0.094 1.145 0.260 - -

DT.S: total solids, ¥C.Mn: consumption of KMnO,, ¥T.C.C: total colony counts. *N.V: norovirus. The predictable regression forinula for

appearance rate of norovirus was expressed as

-1.818 +42.677 [NH,-N] + 0.023 [T.S"] + 0.762 {C.Mn”] - 0.009 [depth] - 0.146 [ch

hloride]

+0.007 [T.C.CY] (R = 0.904, R* = 0.818, adjusted R* = 0.786, p < 0.03).
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