The Annual Report of Busan Metropolitan city Institute of BT AR
Health & Environment 20(1) 110~121(2011)

B XY 2pES F XS] L2Hio|2{A HE EM H7(10~11)

3

2yat’ - HOIN - M2 MAW - BULL UHE - W

Detection of Norovirus in Spring-water and Groundwater in Busan
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Abstracts

We analyzed in order to monitor the occurrence of norovirus and other enteric virus at 22 places of drinkable groundwater
(civil defense emergency water-supply facility), 8 places of the groundwater using as a drinking water in a group food
service and 10 places of a spring-water. As a result that analyzed 40 concentrated samples obtained finally by using nested
RT-PCR and Real-Time RT PCR method, a norovirus was not detected in all the target samples. And an existence of
virus could not be confirmed even in the results regarding other enteric virus (enterovirus, rotavirus, adenovirus, astrovirus)
by RT-PCR and antigen capture EIA (Enzyme immno assay). As a result of indicator organism of fecal pollution, total
coliforms showed a detection ratio of 57.5 %, E. Coli 22.5 % and Yersinia enterocolitica 7.5 %. And a coliphage was
not detected. 32 of 40 samples (80.0%) did not meet drinkable water quality standards under the indicator items of bacteria
and organic matter, but it was confirmed not to be directly related to detection of pollutions of enteric virus. And the
continuous maintenance managements such as steady water quality inspections, remodeling and repairing of old groundwater
and mineral spring facility and disinfection processing before drinking are required.
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Table 1, Analysis items and instruments

A e s do 5 5EIF A|sto] dEo] SR vlolzA
= g7t v]FA o] 44 % beef extract LEHLS ¢F
g8712 A A 'aL, 9 S 23] HHEsto] 3 33
o] ghe] IS REE sl HiA ] E 2E e
fMo 1 M HCI (Sigma, Germany)& pH & 7.0-7.5

g ARY 5
grejofo] g7] H|A o wEE Y1 wyly]| 2 8]
HomA 1 MHCL 2 A3 pHE 3.5 £ 0.1 &2 W&

oHE S0 ol MU R F AW 1 *§71‘a beef

W a5 5o1E
0.15 M XM FAYE -‘120mL(pH9O 9.5) &
o] 91A3| A E 0/\]7] , °]& ThA] 4,000-10,000 X
g 4 TOA 1087 PARER ¥ AABE Weln A4S
AL wol pHE 7,0-7.58 &} nlEe] 0 Hg WA
a7 9131 AENS WikE AHE ofute},

"ol 2 A RNAS| £

RNAE &3] Y3l QlAamp viral RNA Mini Kit
(QIAgen, Germany)E AMEalT, A 22| uji=do
et &St o £4 A7kx] 70 Toll Eastich

2ulo|g A AES ¢3¢ RT-PCR

2YeAT L) Aol F eauolEs B 22

(NIER 2007)o] w2} seminested RT (reverse
transciption) — PCRS $33}t9 2™ primer AL
Table 20| 7|43}t RNA template 2 pLo 2X

RT-PCR Master mix 12.5 pL, x=ZH}o]g]2~ RNA
polymerase?} capsid H¢o| A F-@l3t sense primere}
antisense primerS Z+ZF 2 4L (10 pmol), DW 6 yL=
do] F 25 L5 g o s ARSI, fAA FES
Q& Thermal cycler (C—1000 thermal cycler,

Items

Instruments

pH pH Meter (HACH, USA)

Residual Chlorine, Turbidity
Ammonia nitrogen (NH3—N)
Nitrate nitrogen (NO3—N)

Multiparameter (Hanna Instruments, Woonsoket, USA)
UV—Vis Spectrophotometer(varian, Cary3, USA)
Ion Chromatograph (IC—3000,Dionex, USA)
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BIO—RAD, USA)E o]&3}o] 47 oA 4087t reverse
transcription (RT)S £3§sto], 94 € 158 =<
denaturation ¥F3-A171 ¥ 94 € 30%, 54 C 30%, 72
T 45%& 35 cycleZ WHEZH & 72 ToA TEI
extensiond}%ith, Nested PCRE RT-PCR AH=E 2 L&
0]-8&3}06] 10 X PCR reaction buffer, 2.5 mM dNTP,
20 pmol primer, 1 U Taq polymerase (Bioneer,

Korea)E Y@olA 50 yL WM& A3t & Ao AR

stk 94 o)A 3E7F denaturation ¥HEA]F] & 94
T 30%, 56 T 80%, 72 C 452 95 cycled v}
T 72 CoA 7RI 9REAFHT. PCRAAES

prestaining (SYBR safe, Invitrogen, USA)H 1.5 %
agarose gel (TaKaRa, Japan)°] 100 bp DNA ladder
(TaKaRa, Japan)®} 34 loading dtal 2587 7| 9%
(Advance, Japan)ste] Image analyzer (Geldoc XR
image system, BIO—RAD, USA)E kZH}o|g A GI&
313 bp, GII & 314 bpollA] bandE &<l3}4ct, E Ad
o] ¢ dxtom AREE #E violHAs AAPH fef
LgutolgiA (G, GIDE 3% Hho|eAE ARSI

HuA vlolg s FEL 93 RT-PCR

ole|zupo]| 2 9 ofAE mHbo|] A HALS| FES 9
8] RNA template 2 pL 4, Zzte] vio]zjxs Eolz
primer set7} 10 pmol & 715 18 4L PCR YRS &3}oH
(Bioneer, Korea)d} 4lo]Fich HFS-2 AL 42 € 4558
7t reverse transcriptione $83sle], 94 € 5EZ
denaturation ¥FA171 ¥, 94 € 30%, 55 € 30z,

72 C 40%7r, 40 cycle2 WHESF & 72 € 58I
extensionstAtt, AR} FEZS Y3 Thermal cycler
(C—1000 thermal cycler, BIO—RAD, USA)E o83}
o}, PCR A/dE9] 20l oFAl 7]3t vief Aot 2 A
o] F 2wt o2 AREE xE Hio|g A= HAPH )
Ade|=ufol L, ofAEZHIO|H AR S EH HiolgAE

AHg-3t T,

I 2x}lo]# A Real-time RT PCR

Real—time RT PCRS ¢33l Tagman probe= G [-&
Texas Red, GI &= FAMS AFE3}93l, Real-time RT
PCR HEZ9-2 AccuPower Norovirus Quantitative
PCR kit (Bioneer, Korea)E A& master mix©] RNA
template 5 xL2 9ol & 50 xL ©] == 3}t G4
2} Z=Z9 93 Excylcler™96 (Bioneer, Korea)E 0|4
kel 50 €A 3087t reverse transcription (RT)S
+3slo], 94 € 158 59t denaturation BHSFAIZ] H
94 € 15% annealing ¥ extension HF-2 55 € 187

“aystoe,

EIA

EEpHPolg A Y A o leHto] g A0 HES QA=
A&7 FFE5ZHE o] &3] Adenovirus and Rotavirus
kit (BioFocus, Korea)E ©]|83}9] antigen capture
EIA (Enzyme immno assay)yHo =, A|xA9] mfjHd

of whet Sastlct

Table 2, Primers used for the detection of enteric viruses using conventional RT—PCR

. . " ana ... b Product
Genogroup Primer Primer Sequence (5'—3") Polarity size (bp) Reference
Norovirs GI-FIM CTGCCOGAATTYGTAAATGATGAT F Kim ot
ar v GI-RIM CCAACCCARCCATTRTACATYTG R 314 | 90059
GI-F2 ATGATGATGGCGTCTAAGGACGC SF al.
Norovirs GII-F1M GGGAGGGCGATCGCAATCT F Kim ot
ol GII-RIM  CCRCCIGCATRICCRTTRTACAT R 313 A1 20081
GII-F3 TTGTGAATGAAGATGGCGTCGART SF :
P EV1 CAAGCACTTCTGTTTCCCGG F Lo
Entorovirs | EV2 ATTGTCACCATAAGCAGCCA R 362 50047 &
EV3 CTTGCGCGTTACGAC SR
Astrovic Mon269 CAACTCAGGAAACAGGGTGT F 149 Noel JS et
SLrOvIFuS Mon270 TCAGATGCATTGTCATTGGT R al 1995

* Y=C/T, R=A/G, 1=C/G/A/T

F. forward primer; R. reverse primer; SF. seminested forward primer; SR, seminested reverse primer



114 a4t - ol

AR - A

o

!

Sk AYE - g

Table 3. Kinds of bacteria and antibiotic according to kinds of coliphage

Coliphage host bacteria Antibiotic solution

:(S;III?BC coliphage E. coli Famp Ampicilin/streptomycin sulfate (1.5 mg/mL)

?ﬁ/?éZ;SpemﬁC coliphage E coli C Nalidixic acid (10 mg/mL)

3+ A9 A& sh= Ak (TR v AdFeAld) W okrE4 28| o

o)A 2R 9] BAL us EPA Hy o) Z3le] A4 AFAlel A steg o]8dh= AAE Ao R - EHolg
sttt 2= urglElolE Zn|31] ;q—;;}oq A=A o] A & 9 7EF A3 vpolg A0 04 ARE ARSI
7b8 TSB (Trypic Soy Broth)o]l ZFz+e] uhggjols ¥z tEo] =4 2x Al 2 i+ 21| 283 {715 o F
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Table 4, Summary of sampling site conditions

Sample type Item (unit) Min Max Mean S.D.
Sampled volume of water (liter) 150 1500 762.0 465.7
Turbidity (NTU) 0.10 1.27 0.30 0.30
Temperature (C) 10.0 26.0 18.0 3.9

Gro(lrllrlc;vgz)ater ol 6.3 7.8 7.2 0.4
Depth to aquifer (meter) 45 400 142 65.6
Elapsed time after developing (month) 36 324 211 62.9
Daily capacity (ton) 52 300 131 717.0
Sampled volume of water (liter) 85 509 248 158.0
Turbidity (NTU) 0.30 1.73 0.75 0.50

. Temperature (C) 8.0 21.2 13.2 4.4

e o 6.1 7.1 6.9 0.6
Daily capacity (ton) 1.5 3.0 2.4 0.7
Elapsed time after developing (month) 84 432 272 12.0
Daily visitors (people) 50 200 140 46.9

S.D., Standard Deviation; NTU, nephalometric turbidity unit
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&

TE ARESte] w9 BAE SIsieldh
RT-PCR& 4333t A¥}, ==Hfo|g]X Wt ofye} <llE|
FHfo|g| A ofAE gHfo|g|Aof QlojA e RIZHE O] Zfo]
= AT AEHE AL EJT 5= U E3, 2E
"o A0} A ofdf|leuto] 2 A0 e AR HFTeHdS
o83 EIA AlE ZAZ {FJ#<Ql 4 (OD, optical
density <2) 235 2RI = USlch, wabA, k2hlo]
20 FATE AR o= Ve A vio|e| 9] HEo|
7HedE 1T = Aotk (Fig. 1).

E3E 2dlo|gA HES Y8l AFEEL Qe fF
H Ml nested RT-PCR ¥ Real time RT PCRHZ
vlas Hokeh SFA AlgollA SRk mg2ufold A G I
P ARE A5t HE aeS AvE Ay HE Wk
oA Real-time RT PCRHS o] &3& wj 108 oA
o] A& #A=E vl (Fig. 2).

Aot 9 Ok g 5 mRHEo| 2| A9 e A HE
o9 HAL

Lezdfolf A0 HES g8l HFH o= dojxl 40719
A8k 9 oFpE420] 55 A|RES nested RT (reverse
transciption)—PCR ¥ Real-Time RT-PCRY< ©]-&
sto] EARE At 407) Alm AFoA kEufo|gie
ASEHA odeh, 2Zatolgs EA43} o] 407) Alm

Fig. 1. The results of gel electrophoresis of RT—PCR products for enteric viruses,

Lane M, 100 bp ladder DNA molecular marker; lane 1, norovirus G I (314 bp); lane

2, norovirus G I (313 bp): lane 3, pan—enterovirus (362 bp); lane 4, astrovirus (449

bp): lane 5, negative control,
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Fig, 2, Comparison of detection sensitivity according to Norovirus detection methods

A Results of seminested RT—PCR of Norovirus GI; M, 100 bp DNA ladder; NC, Negative

control. B Quantitative real—time PCR presents amplication curves (green—amplification

curve of Norovirus G1).
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Table 5., Detection of viral pathogen and fecal indicators

117

Virus and Indicator

No. Positive® (%)

Groundwater Spring—water Overall

(n=30) (n=10) (n=40)

Viral pathogen Norovirus 0(0.0) 0(0.0) 0(0.0)

Pan—enterovirus 0(0.0) 0(0.0) 0(0.0)

Rotavirus 0(0.0) 0(0.0) 0(0.0)

Adenovirus 0(0.0) 0(0.0) 0(0.0)

Astrovirus 0(0.0) 0(0.0) 0(0.0)
Fecal indicator SPC bacteria 14 (46.7) 8(80.0) 22 (55.0)
Total coliforms 14 (46.7) 9 (90.0) 23 (57.5)

E, coli 2 (6.7) 7(70.0) 9 (22.5)

Yersinia enterocolitica 0(0.0) 3(30.0) 3(7.5)

Somatic coliphage 0(0.0) 0(0.0) 0(0.0)

Male—specific coliphage 0(0.0) 0(0.0) 0(0.0)

Nitrate nitrogen (NO3—N) 4(13.3)) 0(0.0) 4(10.0)

Ammonia nitrogen (NH;—N) 0(0.0) 0(0.0) 0(0.0)

* Positive ; SPC (Standard plate count) bacteria >100 CFU/mL, Total coliforms and Z coli > 1 CFU/100 mL, Somatic coliphage
and male—specific coliphage > 1 PFU/mL, NOs—N > 10 mg/L, NHs—N > 0.5 mg/L

HE B 59 ABAlF AR YubA| (standrd plate
count bacteria)@}t FtHt* (total coliforms) X th#;
I (B col)) 718)al oAU okt (Yersinia enterocolitica)
S AARE A3l & 40709 A& F 22709 A= (55.0
%)7} ANl 71% 100 CFU/mLE Z3}st3lon, 237
AR (B7.5 B)ollA FhFdEwto] EAHSIt. 1 F 9
A& (22,5 %)ollA thg+to]l HE= Tt waba], 4070 A
A 5 3270 AR (80.0 %)o] Alat A 3E FolA Hes
T4 71EE& WESHA] Zeklet (Table 5), F4F A1 %
Wepaldaa W e 2 3t Bt nilE
2 747} 23, 5% 9 26.7% 4220l old
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Table 6, Water quality indicator bacteria distribution in the groundwater and the spring water

Grounwater (n=40) Spring—water (n=10)
Item Min Max Mean S.D. Min Max Mean S.D.
(unit)
SPC bacteria
(CFU/mL) 1 2500 358.5  595.3 15 2500 760.3  716.8
Total coliforms
(CFU/100mL) 0 95 12.8 24,7 0 1600 320.7 4987
E. coli
(CFU/100mL) 0 23 1.2 4.7 0 700 77.3 207.6

SPC, Standard plate count; NTU, Nephalometric turbidity unit
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