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X 7P #Alol W& Aldtolvk(l, 12, 20). MUY ot
Shiga toxinS ¥HIS= E coli 0157 2]9 nonO157 E. coli
(members of the 026, 091, 0103, Ol111, O118, 0145, and
0166 serogroups)’} AT}, E. coli 0157 ZA4AE wE=t] #o]
She AR sl sex2, A frdel] BxEAR] 9
3= intimin (eaed)°Y hemolysin (hyld) RS k1 glom
o5 T AAMW-S(polymerase chain reaction, PCR) W'
o2 gallo] 7ls3lti(l, 10, 15, 20).
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Table 1. Oligonucleotides of the primers used in this study
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No.  Primer name Oligonucleotide sequences

Product size Specificity*

0157-f  5-CGGACATCCATGTGATATGG-3’
0157-r  5-TTGCCTATGTACAGCTAATCC-3’

) sexl-f 5’-ATAAATCGCCATTCGITGACTAC-3’
sexl-r 5’-AGAACGCCCACTGAGATCATC-3’
sex2-f 5’-GGCACTGICTGAAACTGCTCC-3’

: stx2-r 5’-TCGCCAGITATCTGACATTCTG-3’
uidA-f 5’-AAAACGGCAAGAAAAAGCAG-3’
uidA-r 5’-ACGCGGGACAGCTTGCG-3’

259 bp nt 393-651 of 7/byq 15717

180 bp nt 454-633 of A subunit coding region of stx,

255 b nt 603-857 of A subunit coding region of stx,
p (including s#x, variants)

147 bp E. coli uidA gene

nt, nucleotide (20); ORF, open reading frame.

A SEERF12417) vl 59] E24Y 4*(Colony Forming
Unitys S43HATH18). -2 =85 Akl e &
(50 u)S < Frl A (nutrient medium, Difco)E THE agar plates
(diameter 55 mm)ol] EZate] 37°Col| A 1247t B4 wjekalo]
e F2Y 2 SAsIY F2Y S Gel/ChemiDoc
System (Bio-Rad, USA) 7]7|& AFE-Sl Azoz EA3190.
ZAL U BN S AE2E 9K g)S E coli 0157:H7
o] XMEufA]Q1 Novobiocin®] 7} Tryptic-soy-broth (Merck,
USA) 50 mloll Y3l 37°CollA] 12A17F 52 vkt U2 DNA

Isolation kit (Genetbio, Korea)S AF&-3}] 941 DNAE AA|
Atk E coli 0157 B4 Table 191 AAE 1/by s
primersE- ©]-83}9.0 1 E coli 01570] oPd LwktA+4t gale
B-glucuronidase &4~ F-AAM] uidd primersE ©]-83t] PCR W
Ho g FH3] BASATH(15, 19). PCR &2 [ unit®] Tug
polymerase (TaKaRa, Japan), 5pl9] 10x HH3-¢+59(TaKaRa,
Japan), dNTP (200 mM), primers (100 nM)S A}-8-3}a] 940Co]]
A 30, 45°CAlA 30%, 72°COlA] 3022 303 wHE-&Th
PCRo) ¢]5}o rorsti 327} AEF A B+ Singlepath E.

Table 2. The seasonal variation of falling bacterial populations of the air (unit: CFU/cm? - 15 min) at Hanwoo feedlots. Data indicate the mean and

its standard error (sample numbers)

. . Spring (Mar-May) Summer (Jun-Aug) Autumn (Sep-Nov) Winter (Dec-Feb)
City of feedlot site
2006 2007 2006 2007 2006 2007 2006 2007
Bonghwa 3+1(3) 2147 (4) 341 (3) 745 (4) 441 (3) 341 (4) 3+1 (3) 2+1 (4)
Cheongdo 341 (2) 5H2(5)  36124(2)  1443(5) 442 (4) 643 (5) 4+1 (4) 542 (5)
Cheongsong 15£1 (3) 9+1 (3) 815 (3) 20110 (3) 614 (2) 312 (3) 1613 (2) 2+1 (3)
Chilgok 511 (3) 512 (2) 8+2 (3) 2915 (2) 277 (4) 312 (2) 26%10 (4) 614 (2)
Gimcheon 241 (2) 1242 (4) 1545(3) 2615 (4) 241(2)  3t1(9) 341 (2) 241 (4)
Goryeong 16£11(3) 442 (2) 84 (4)  2617(2) 341 (4) 134122 642 (4) 241 (2)
Gumi 441 (3) 241 (2) 1347 (4) 1144 (2) 241 (4)  3%1(2) 1844 (4) 241 (2)
Gunwi 441 (2) 17411 (5) 4+1(2) 742 (5) 4412) 241 (5) 1545 (2) 4+1(5)
Gyeongju 1818 (3) 8+2 (3) 2+1 (3) 1313 (3) 2+1 (3) 2+1 (3) 4+1 (3) 2312 (3)
Gyeongsan 3+1(3) 542 (3) 1546 (5) 1745 (3) 1£2(5)  512(3) 4+1 (5) 241 (3)
Mungyeong 6+1 (3) 11454)  54+12(5) 1244 (4) 241(5) 1146 (3) 742 (4) 441 (3)
Pohang 5+1(3) 5+1 (3) 241 (4) 1445 (3) 11+5(3) 394 (4) 1243 (4) 6+2 (4)
Sangju 742 (4) 241 (3) 274 (4) 6+3 (4) 64 (4) 241 (4) 3+1 (4) 3+1 (4)
Seongju 241 (3) 2+1 (4) 1343 (4) 1744 (4)  31+16(4) 743 (4) 542 (4) 241 (4)
Uiseong 511 (3) 25+2 (3) 2+1 (5) 2243 (3) 1814 (4) 412 (3) 1113 (4) 412 (3)
Yecheon 743 (3) 1343 (2) 8+5(3) 945 (2) 241(3)  5%1(2) 241 (3) 3£1(2)
Yeongcheon 441 (3) 1946 (4) 1447 (3) 1142 (4) 241(3)  10+4 (4) 643 (3) 241 (4)
Yeongdeok 542 (3) H2(Q2) 24+7(3) 2141 (Q2) 241(3) 1052 945 (3) 443 (2)
Yeongju 442 (3) 2742(3)  2148(3) 541 (3) 9+4(3)  2+1(3) 842 (4) 241 (3)
Yeongyang 1143 (2) 9+1(2)  42+14(3)  31428(2) H2@)  TH5(2) 5+1 (4) 241 (2)
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coli 0157 (Merck, USA) JTAZEE A3} E coli 0157 o

FE AGRJASAT. E. coli 01572 1fbyy 57, TAE HAEE
DNA A8 F 943E ] 245 viesd) Aodshs f-44¢1
steIYF st primersS ©]-8-35lo] PCR WHHO 2 F3Eslo] o &
Axte] A5 A 3HATH Table 1).

AFEE EES ti AR ofikEA ol 918k
AAA FAL Hrol X o] F7] F AT HehAld BEE 3+l
CFU/em? - 15 min ©|3}Jt}h. S:A} ekl 9] 37 5 Hi HahAl
T B=E Add wel g@e2kA Eolls 8+l CFU/m? - 15 min
(n=63), J3E9= 1622 CFU/cm? + 15 min (n=69), 7}l 742
CFU/cm? - 15 min (n=69), 719l 6t1 CFU/em? - 15 min (n=70)
o] tHTable 2). °1& AMAIES A8 HAE 4 Microsoft
Excel) Z2I5 08 FLAHEAEHH Pgho] 0.01 ostelA Al
2 zol7} Aok & F o, A5 A8 E ALJEA Pt
o] 03701904 &, 71, AL BdE FAF ke 7] F Y3
AdEEde & 2ol7t gle Ao Yeigth A52E ALS
BEH, 7FE, ALEY FAF & 3719 Bt Yl HEe
7%1 CFU/em? - 15 min®] it}

FH-S-grol| A o] Bt AlFLEE Eoll= 47104780 CFU/mI
(n=65), EE 10430%1170 CFU/ml (n=65), 7}SolE
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o] ATH(Table 3). 2t A= F-sFoME FHES T8
T2 ARSI 8= AEE S8 AR TR
AGe] FAROE Ao} vl Bidths Aol SolstAth
F-2-89] Aol AEEY ARE AQFtA T FaHEA o
oI5k Pgke] 0.027°104 FoGES s%E & ul AERE 3y
=859 Al Eole zol7t Jvkal & 5 ok AFHE Al
oIt BH, 7, ALHY FAF S9-5-850] B AldE=
£ 4,000£400 CFU/mI®] AT}

252 v 2o 4] wjHES WESH, & I Wi EdE
B o] MEe] gH Ak FAF uiete] HASA @A
U AW 877 2R o 375 AlF U=t EokAIAl
= ol ThA| Ysllatel oJste] 95859 AT EER =
olxAl & Aotk ZA} ¢t F7INAM Y YAl L} -2
|9 AFEE ZAIA 4L 2d Fote] AFREE AR5
A3 AR AAE A3 BA1F oz ko] A (P<0.001)
7} 9o} 71 7Fs AL 14% AEE WA YERSTHFig. 1).
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Table 3. The seasonal variation of bacterial populations in the drinking water (unit: CFU/ml water) at Hanwoo feedlots. Data indicate the mean and
its standard error (sample numbers)

City of Spring (Mar-May) Summer (Jun-Aug) Autumn (Sep-Nov) Winter (Dec-Feb)
feedlot site 2006 2007 2006 2007 2006 2007 2006 2007
Bonghwa  650£190 (3) 4320+£780(4) 3181011800 (3) 6110£1480(4) 2610£1100(3) 440160 (4)  2690+1550 (3) 270460 (4)
Cheongdo 31004350 (3) 210470 (5)  1810+1530(2) 991042470 (5) 689043240 (4) 32104620 (5) 5830+4070 (4) 39804460 (5)
Cheongsong 3870780 (3) 2750+1050 (3) 415044140 (3) 12040+£5270 (3) 239042250 (2) 392041990 (3) 1730+10 (2) 22604810 (3)
Chilgok 89001560 (3) 2210+1270 (2) 226805120 (2) 1147046590 (2) 1935042860 (4) 45204120 (2) 1871044680 (4) 490240 (2)
Gimcheon — 210£10 (3)  2070+310(4)  120480(2) 1392043260 (4) 1810£1770 (2) 493041260 (4) 290100 (3) 2280+1240 (4)
Goryeong 53701640 (3) 1567026610 (2) 20770+£5440 (4) 7340460 (2) 691044360 (4) 75701910 (2) 12504950 (4) 630610 (2)
Gumi 30304380 (3) 2060+1640(3) 1292046080 (4) 4990+1860 (3) 10860+3540 (4) 4304410 (2)  7790+1440 (4) 9004820 (2)
Gunwi  9850+1150(2) 15704560 (5)  3370+1980(2) 14200+3780 (5) 1551042990 (2) 15904250 (5) 13804470 (2) 6020 (5)
Gyeongju 2000£150 (3) 8080+3060 (3) 2540760 (3) 1093043440 (3) 17004940 (3) 174041600 (3) 659046030 (3) 1710760 (3)
Gyeongsan  110£10 (3) 70+40 (3) 5004350 (5) 13904200 (3) 7604450 (5) 26501440 (3) 860£510(5)  100+70 (3)
Mungyeong 5130£1920 (3) 82004180 (4) 7204260 (5) 15504580 (4) 226041090 (5)  310£110 (3) 430042320 (5) 1730£790 (3)
Pohang 27904310 (4) 2117042620 (3) 11150+3190 (4) 13290970 (3) 113603210 (4) 9260+3380 (4)  960+500 (4)  150£70 (4)
Sangju 30004580 (4) 651042070 (4) 1404044660 (4) 745044260 (4) 21304970 (4) 63001860 (4) 539042060 (4) 10304460 (4)
Seongju 51704690 (3) 1700+1140 (4) 8830480 (2) 994044510 (4) 11200£1960 (4) 4980+460 (4) 8104380 (4) 40420 (4)
Uiseong 370100 (3) 22304470 (3) 1484042430 (5) 12910+7550 (3) 2820+1410(4) 40904450 (3) 16204490 (4)  250+160 (3)
Yecheon 79701390 (3) 15470+1790 (2) 14330£7200 (3)  7940+£1600 (2) 290220 (3) 10660+3440 (2)  640+350 (3) 23204290 (2)
Yeongcheon 18004350 (3) 1070+300 (4) 1628046650 (3)  5620+4120 (4) 17104610 (3)  280+120(4) 1230120 (3) 3020 (4)
Yeongdeok 22004180 (3) 87003380 (2) 2567043520 (3) 1900440 (2)  2200+1110(3) 4890+410(2)  6790+1930 (3) 130+110 (2)
Yeongju  610+150(3) 1415044830 (3) 13110+170 (2) 241906100 (3) 8930+1620 (3) 4250+730(3)  4260+4000 (4) 3370+1750 (3)
Yeongyang 19704290 (3) 2200£120 (2)  9580+4070 (3) 107603080 (2) 28004520 (4) 2360£1420(2) 1950£620 (4) 366043220 (2)
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Fig. 1. Linear regression between the falling bacterial populations of
the air and those of the drinking water sampled at 40 Hanwoo feedlots
along with four seasons for the two years of 2006 and 2007 (n=157,
P<0.001).

coli 0157°] JER = ¥IEE 200650 Al8E AF3 e-9-=
APIAE B 10% (n=20), A& 11% (n=82), 7+ 12% (n=78),
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S E. coli 01570] 7F&-Eo] Ho|= H& Zo]EA] koL, 9
ALEE AUHA B tiF Aagite AS BoFa Q)
O YRPHO 2 E coli 01572 3 @A f|-§- FHoksk Aoz
S H T, 22).

FHe 3 FFNME 2007 I &) B @ AT E coli
0157°] HEHA Fshet), o] 4L EFAES A &
Zo|AtHTable 4). °1= E coli 01579 & WS Z0]7]
AaME EGAaFo] vlg Fasithe AMS BolFa ok &
AFNA E. coli 01579] 3L F0]7] SsiXe EGAas Wit
ofle} gh-3-8570] 4, FAL el Ae A5 AT, F
U AIE e oREEEY] AT A, AR AR 9 2
AANTES] FP= T F oo Sk, 6, 7, 16).

7% Ao w2d A5 FAl6lM E coli 01572] EA27F
FRIFATIL A olE dF7F BF FAFAAR] saelvt sex2
= zh 9= AL olYATKS, 9, 13, 17). B AR AF
H E coli 01579 #FE5S FANNE A Fe A sl BT
st FRAE 2L Qe FE-2 50% ©lsto| ATHALE FIAA)).

SEEAL TR T TR AlEo] v o] Exs)
I ok B ZARIA YeRrd Al & AldEE wisle)] 55
oA BEAQ WA E AATH o] ARte s o
§-9] ALHAS SR Bk o), ARIAEENA] SEEE
$-2]a1719] SHAAE A FHE AT, 12).

Table 4. The observed percentage frequency (sample numbers) of E. coli 0157 from the soil samples at Hanwoo feedlots

Spring (Mar-May) Summer (Jun-Aug) Autumn (Sep-Nov) Winter (Dec-Feb)
City of feedlot site
2006 2007 2006 2007 2006 2007 2006 2007
Bonghwa 0% (1) 0% (4) 25% (4) 75% (4) 0% (4) 50% (4) 25% (4) 0% (4)
Cheongdo 0% (1) 20% (5) 0% (4) 20% (5) 25% (4) 80% (5) 0% (4) 100% (5)
Cheongsong 0% (1) 0% (3) 0% (3) 100% (3) 0% (3) 67% (3) 0% (3) 33% (3)
Chilgok 100% (1) 0% (2) 50% (2) 100% (2) 0% (4) 50% (2) 50% (4) 0% (2)
Gimcheon 0% (1) 0% (4) 0% (3) 100% (4) 0% (3) 25% (4) 0% (3) 100% (4)
Goryeong 0% (1) 0% (2) 25% (4) 100% (2) 0% (4) 100% (2) 0% (4) 0% (2)
Gumi 0% (1) 0% (2) 0% (4) 50% (2) 0% (4) 100% (2) 0% (4) 0% (2)
Gunwi 0% (1) 0% (5) 0% (5) 60% (5) 0% (5) 40% (5) 0% (5) 0% (5)
Gyeongju 0% (1) 0% (4) 0% (4) 75% (4) 25% (4) 100% (4) 0% (4) 25% (4)
Gyeongsan 0% (1) 33% (3) 20% (5) 33% (3) 0% (5) 33%(3) 0% (5) 67% (3)
Mungyeong 0% (1) 0% (4) 0% (5) 75% (4) 0% (5) 25% (4) 0% (5) 0% (4)
Pohang 0% (1) 0% (3) 0% (4) 100% (3) 25% (4) 100% (4) 0% (4) 75% (4)
Sangju 0% (1) 0% (4) 33% (3) 100% (4) 25% (4) 100% (4) 100% (4) 25% (4)
Seongju 100% (1) 25% (4) 30% (10) 100% (4) 0% (4) 100% (4) 25% (4) 0% (4)
Uiseong 0% (1) 0% (3) 20% (5) 100% (3) 50% (4) 67% (3) 0% (4) 0% (3)
Yecheon 0% (1) 0% (2) 0% (3) 50% (2) 0% (3) 100% (2) 0% (3) 0% (2)
Yeongcheon 0% (1) 0% (4) 0% (3) 0% (4) 100% (3) 0% (4) 0% (3) 0% (4)
Yeongdeok 0% (1) 0% (2) 0% (3) 50% (2) 0% (3) 50% (2) 33% (3) 0% (2)
Yeongju 0% (1) 0% (3) 0% (4) 100% (3) 0% (4) 100% (3) 0% (4) 0% (3)
Yeongyang 0% (1) 0% (2) 0% (4) 100% (2) 0% (4) 100% (2) 25% (4) 100% (2)
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ABSTRACT : Seasonal Distribution of Bacterial Populations and Escherichia coli O157 at Hanwoo Cat-
tle Feedlots in Gyeongsangbuk-do
Yong-Ho Khang* and Moon-Sook Kang (School of Biotechnology, Yeungnam University,
Gyeongsan 712-749, Republic of Korea)

The seasonal variation of bacterial populations in the Korean cattle (Hanwoo) feedlots dispersed in the 20 cities
of Gyeongsangbuk-do, Korea, was monitored for two years (2006 and 2007) to provide quantitative criteria for
good agricultural management. Outside the feedlots, the average falling bacterial populations of the air were 31
CFU/cm?- 15 min (n=63) in a year. Inside the feedlots, the average falling bacterial populations of the air were
8+1 CFU/cm?- 15 min (n=63) in the spring, 1642 CFU/cm?- 15 min (n=69) in the summer, 742 CFU/cm? 15
min (n=69) in the autumn, and 61 CFU/cm? - 15 min (n=70) in the winter. Without using the summer data, the
average falling bacterial population of the air was 7+1 CFU/cm?”- 15 min, which was not statistically significant
(P=0.37). The average bacterial populations in the cattle drinking water of the cattle feedlots were 4,710£780
CFU/ml (n=65) in the spring, 10,430+£1170 CFU/ml (n=65) in the summer, 4,820+700 CFU/ml (n=64) in the
autumn, and 2,510+£530 CFU/ml (n=64) in the winter. Without using the summer data, the average bacterial
population of the drinking water was 4,000+400 CFU/ml, which was statistically significant (P=0.027). The
average frequency of Escherichia coli O157 inside the feedlots was 5% (n=65) in the spring, 72% (n=65) in the
summer, 67% (n=66) in the autumn, and 29% (n=66) in the winter on the basis of soil samples of the year 2007.
The results indicate that most of the Escherichia coli O157 strains distributed in the summer and autumn was
disappeared in the spring through the cold weather of the winter.



