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Surveying Infectious Waterborne Viruses in Source,
Treated, and Tap Water

Soonbok Kwon and Gyucheol Lee

Water Research and Analysis Center, Korea Water Resources Corporation, Sintanjin-ro 560,
Dedeok-gu, Daejeon 306-711, Korea

A total culturable virus assay was conducted with samples obtained from five water treatment plants to sur-
vey waterborne viruses in source, treated, and tap water. In case of the source water, waterborne viruses were
detected from three source water samples: 1.0, 14, and 5.8 MPN/100 L. No viruses were detected in the treated
and tap water samples. The results of the integrated cell culture reverse transcription PCR and the nucleotide
sequence analysis showed that the VP1 region of enterovirus was amplified in the water treatment plant, I's
virus-positive samples, and that the nucleotide sequence was very similar to that of the coxsackievirus type B3.
Since the nucleotide sequence was also very similar to that of the coxsackievirus type B3 isolated from an asep-
tic meningitis patient in Korea, it is very reliable that the viruses might have circulated from humans to the
water system. This study found that there were no infectious viruses in the treated and tap water samples from
five water treatment plants, but did not guarantee there were infectious viruses in all treated and tap water

sources in Korea.
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2.2. M= A Hjo[2{A

1A ulolE X H49-8- Q]3] Buffalo green monkey
kidney (BGMK, =¢34kl ) Alx2g AM&-3}
Sk A S 9lE 5% fetal bovine serum
(FBS, Gibco™, Invitrogen, Grand Island, NY, USA),
penicillin (Invitrogen)#} streptomycin (Invitrogen)©]
7}7} 100 units/mL, 100 pg/mLo] ¥3¥ MEM/L-
15 ¥i#] (nvitrogen)s ARE-3FAT). 36.5 = 0.5%, 5%
CO, =719] A|aEnjg7IolA vt o, Al a
I ¥ UxwoR ofEsiE Eelevtel#s 39
(poliovirus type 3, =T {2 #3H £F)S A3t
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Aok WS @350 HeAEel A NED
< wEkeH, o F(2006)°] LA Zledt WS
vz SoHd. goksid, 9] 49 200 L, A4
o} FEEA=e] A9 1,500 LE 1-MDS ¥+13l dg
(CUNO, Meriden, CT, USA)E o]&3dl A3,
Had 1 Lo 1.5% &317]197]2 (beef extract, pH
9.5, 0.375% glycerin, Becton, Dickinson and Com-

Table 1. Five water treatment plants and sampling information.

WTP Water source Water samples  Sampling date ~ Temp. (°C) pH Turbidity (NTU?)
Source 2005.7.26 28.1 7.6 12.00
G Nakdonggang Treated 2005.7.26 29.0 7.1 0.04
Tap 1 2005.7.26 29.4 7.3 0.05
Tap 2 2005.7.27 28.8 7.2 0.05
Source 2005.8.16 25.9 7.0 5.00
Treated 2005.8.16 26.6 6.5 0.03
S Geumgang
Tap 1 2005.8.16 26.6 6.5 0.03
Tap 2 2005.8.17 26.5 7.1 0.03
Source 2005.10.5 19.9 7.4 14.00
Treated 2005.10.5 20.0 7.0 0.04
J Hangang Tap 1 2005.10.5 19.0 6.9 0.04
Tap 2 2005.10.7 19.1 7.0 0.16
Tap 3 2005.10.7 194 6.7 0.10
Source 2005.11.29 15.5 8.8 17.40
B Nakdonggang Treated 2005.11.30 15.5 7.6 0.03
Tap 1 2005.11.29 15.0 7.5 0.04
Tap 2 2005.11.30 15.0 7.6 0.03
Source 2005.12.12 2.7 7.8 6.56
Treated 2005.12.12 2.8 7.4 0.03
I Hangang
Tap 1 2005.12.12 2.8 7.4 0.04
Tap 2 2005.12.12 3.0 7.5 0.06

NTU? Nephelometric turbidity units
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2.4. RNA F&1 ANASESA0M S (reverse
transcription polymerase chain reaction, RT-
PCR)

Fujdgutele A A3t vpoly i FHoE
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Sl primers= Table 29 YA S™, RT-PCR 7]7]
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045 pum, A& 47 mme| Ha¥ o F=H(Advantec
MFS, Inc., Dublin, CA, USA)YS 53l oJ=}3t & o]
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Table 2. Oligonucleotide primers used in this study for ICC RT-PCR amplification of enteroviruses.

Primers Sequences(5'3") Size Target
ENT-F CAA GCA CTT CTG TTT CCC CGG

436 bp 5-NCR
ENT-R ATT GTC ACC ATA AGC AGC CA
Forward MIG CIG YIG ARA CNG G

340 bp VP1
Reverse CIC CIG GIG GIA YRW ACA' T
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Fig. 1. Sampling sites for surveying waterborne viruses in
source, treated, and tap water.

Fig. 2. Cytopathic effect observed on waterborne viruses-
infected BGMK cells. A, negative control; B, S-

sample inoculated BGMK; C, B-sample inoculated
BGMK; I-sample inoculated BGMK.

Table 3. Detection of waterborne viruses, total coliforms,
and fecal coliforms in source, treated, and tap
water samples from five water treatment plants.

WTP  Water samples  Virus® TCP ECS
Source 0.0 16 5
G Treated 0.0 N.D¢ N.D
Tap 1 0.0 N.D N.D
Tap 2 0.0 N.D N.D
Source 1.0 630 450
S Treated 0.0 N.D N.D
Tap 1 0.0 N.D N.D
Tap 2 0.0 N.D N.D
Source 0.0 400 N.D
Treated 0.0 N.D N.D
J Tap 1 0.0 N.D N.D
Tap 2 0.0 N.D N.D
Tap 3 0.0 N.D N.D
Source 14 21 2
B Treated 0.0 N.D N.D
Tap 1 0.0 N.D N.D
Tap 2 0.0 N.D N.D
Source 5.8 460 10
I Treated 0.0 N.D N.D
Tap 1 0.0 N.D N.D
Tap 2 0.0 N.D N.D

Virus?, MPN/100 L; T.C.>, total coliform, CFU/100
mL; EC.S, Fecal coliform, CFU/100 mL; N.DY not
detected.
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38Tt AdE|ERlolB 2= picornaviridae) 43
£ ulo]y &g, Z8]Qulo]ziX(poliovirus), A ]u}
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Fig. 3. Amplification of VP1 and 5 NCR region of
enterovirus by ICC RT-PCR. sm, 100 bp size
maerker; lane 1, negative control; lane 2, S-
sample; lane 3, B-sample; lane 4, I-sample.
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Fig. 4. Molecular phylogenetic analysis. Neighbor Joining tree was drawn by BLASTN (version 2.2.16.) and Jukes-Cantor
method was used to calculate the distances. a, nucleotide sequence of VP1 region amplified from I-source water
sample-inoculated BGMK cells; b, nucleotide sequence of VP1 region amplified from coxsackievirus type B3

isolated from an aseptic meningitis patient.
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