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The Homology Molecular Identification of Airborne Escherichia coli Isolated

from Indoor and Outdoor Air of Chicken Houses

DUAN Hui-yong,CHAI Tong-jie”
(College of Animal Science and Technology ,
Shandong Agricultural University, Taian 271018, China)

Abstract: In order to study the transmission of E. coli from chicken houses to their ambient air,
the air samples, including indoor air, upwind air and downwind air of 5 chicken houses were col-
lected using ANDERSEN-6 stages sampler and RCS. Chicken feces samples were collected ac-
cording to the standard method. E. coli strains were isolated {from these samples . The enter-
obacterial repetitive intergenic consensus (ERIC)-PCR method was applied to generate genomic
amplification products of isolated E. coli. According to the concentration and genetic similarity of
E. coli in every sampling site, the transmission of bioaerosol from animal houses to their ambient
can be identified. The results showed that the culturable E. coli concentration in indoor air in 5
chicken houses were higher than that in upwind and downwind (P<Z0. 05 or P<C0. 01), but there
were no significant differences in E. coli concentration among different downwind site (P >
0.05). The fingerprints and the phylogenetic tree indicated that a part of the E. coli (34.1%) i-
solated from indoor air had the same ERIC-PCR fingerprints with those isolated from feces, the
most of E. coli (54.5%) isolated from downwind 10 m, 50 m, 100 m even 200 m away from the
houses had the same ERIC-PCR fingerprints with those isolated from indoor air or feces. But E.

coli isolated from upwind air had the low similarity coefficients (73% —92%) with those isolated
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from indoor air or feces. So, it was concluded that the E. coli in chicken feces can be aerosolized

and transmitted into the indoor and outdoor air, especially the downwind air. This study revealed

the transmitting rule of airborne E. coli bioaerosol. Hygienic measures took in animal farms have

the significance of public hygiene and epidemiology.

Key words: chicken house; transmission of airborne E. coli; ERIC-PCR; homological identifica-

tion; epidemiology
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JETE B AT — B T 5 808 i 4 3R B
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TE B SR ) S S VR SR B R sh
23 R W S I TS e AN A RE 8 5 el N K )
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WFIE A B — 28 380 i Gl A 0 B 6 3 3 &5 K
FERRAR L 3t A Yo Y AT . 1981 4F 1 B e i
# (FMDV) (i 2 [ 15 5135 Je DA B 3 B2 58 i 25 S
3] P A% 22 B 5 2002 — 2003 4F SARS 1 i AT
(Severe Acute Respiratory Syndrome) if B 25 5 {&
T L B AL % Oy 0 5 T SR ()RR 2
USRI S 3 i B N (B R 23
M RFAT . 2001 —2002 45 7E 3 [H H F BRI
EAZRIET ;5 il 4% 5 T Dk EC B AT LASE o 28 AL 4%
e JRR 0 14 R SR RIAE T 2R 5 i S AR B i T ]

*1

DAl d a8 SRR . KR i S ISR U R
2 B A48 45 TR R U 7 B R B 1Y) — KRR T

1 25 % B B IR B A Bl W R I i AL A R
JE3E o A A A BRI T i 20 B v BE 1 AR AR L KAl
PR 0 245 1 % e 26 SO T T AR TR R A Y
ANBEE W 5 PN S0 B0 85 0 1 1A A U T S T
FCTRIEE - DA & & A Bl A W U B 1) SR BT A% R 1
e . L EFH WA T 5 AN E N B E AN T
PB4 R T o A T 2 S Y SR b SR
ERIC-PCR 75 1% % 5 A [ i 5 73 725 KM AT 187 A9 [m]
P ARTF R AP ERIC Jr Beds S0 1 il i i B
T 0 T e R P 8 808 R o0 A 22 8] B 56 &R B
i UL A S W TR A TR 1) B R Y
ek .
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Table 1 Description of chicken houses studied

P TR SRR 2= Indoor 4= b Outdoor

Chicken Number A R AR . B A O LiERORITAE S K

houses  of chicken " T/C RH/%  WS/(m/s)  T/C RH/%  WS/(m/s)
A 6 000 #h1f] Floor unit 26 40 0 21 50 1—3
B 2 200 % 3% Cage unit 26 34 0 29 50 1—3.1
C 3 000 % 3% Cage unit 31 44 0 35 36 1.5—3
D 3 500 3% Cage unit 31 60 0 32 75 0—1.5
E 4 500 % 3% Cage unit 30 70 0 31 65 0—2

T. Temperature; RH. Relative humidity; WS, Wind speed

L2 BHRMNRETSHMBRE

% 4% I ANDERSEN-6 2% 25 < i 2k 9 b
sib O A L I B 28,3 L/min, WUAR AR B TG
PO R R 1 ARG AN [F] TR S 1R K B i
[ 7E 1~5 min; 5 5h CEXUA 10,50 m AR KA 10,

50,100,200,400 m) [d] i} R AP & RCS-& .03 R
4% (Reuter Centrifugal Sampler, Biotest, Frank-
furt) RFEE S FRHEEF 40 L/min, REN[EALE 0.5~8
min, % Kt W, H 2 B B YL 3 5 (OXOID,
CMOTIS) B SR IE N RAEAN B, fER D RAEREL
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1.3 EZEFXBHENSES . LEES5REITE

REMFEATE 37 CHE 5% 24 h J5 T A 19 BRI
AT KOH R 7% . 55 2% [ B T P78 42 BR
L IR AT — Al sr B R R ARG T APT 20 E
(Bio Merieux, Marcy-1’Etoile, France) %%, %511
KIGFE B R IE A XA k=S
KIGFHE & & (CFU/m?) B J5 4% & 20 %0 H il
WG IRAETE—20C,

1.4 XEPFXBHAENIBELE

TR E R REHLRE 15 MAEA . MR Lim
FEUUN BT K B EREARTE L E L 10~
10° % 328 1 i B¢ J 422 F 3] 0P 200 56 0 8% 97 AR (B R
W), 37 C R 18~20 h, Fk IR 4 4 8 TN O 1Y T
TR L 3 5 (OXOID) K 37 4k 37 C #4555 18
~20 h, B PARPEIC 1 ~2 A LR 2T 5 1 5 L JF AR
1.3 kA E R .

1.5 #ERE9H &

B RKGAFFEZMME 5 mL Luria-Bertani 3% 75 &
iR R FE 18 he ARG BCHE RE R 1. 5 mL 10 000
Xg B0 2 min, 348 B2 WA, 100 uL TE S p
# (10 mmol/L Tris-HCI, 1 mmol/LL EDTA, pH
8. O) AR PFEULVE - 75 100 C 254 F & Wk 10 min, FFH 3
VKR 5 min, f¢ )5 12 000X g B0 2 min, B F W
VAR — 20 CARFEA .

1.6 ERIC-PCR % [z

3|4 ERIC1 (3'-CACTTAGGGGTCCTCGA-
ATGTA-5") f1 ERIC2 (5-AAGTAAGTGACT-
GGGGTGAGCG-3") ¥y iy K i 5 4 ¥ 24 Al & .
ERIC-PCR fx W & % . 1 X buffer, 200 pmol/L
dNTPs, 1.5 U Tag DNA % & W, 1.5 mmol/L
MgCl, (TaKaRa), 5| %) ERIC1 il ERIC2 %% 50
pmol, 3 pL B DNA, 5 Jo FI K B W2 7K #h 78 2
50 plo M ZEL:95 C AR Pk 5 min; 94 CAE P 30
s,51'CiB k 1 min,72°C ZEf# 2 min, 3£ 32 MEH;
feJ5 72°C & 16 min 45 2 )i, PCR 7= ¥ 4
1. 296 ~ 1. 526 1) S5 il 8 J6 VK 43 85 (1 X TAE 2y
HLUKZZ pP . EB B 8,3 V/em ZfF FHITK 1. 5~2
h), Lk DL2000 Maker (TaKaRa) 1€ 5 4 T & #5 i,
Lk 45 S AE 48 4F 43 B AL ( Tanon-2500, Shanhai,
China) I FEAH.

1.7 ERIC-PCR & R 25 R4 #r
SR ZE I 3G SH Pk L g 8 0 B 1S B A A .

B A B B A R I AR 17 S A A N A
07 UK K8 5 B B (Gel Tmage System,
Version 4. 00) A 3l 42 B B . >R A AE I ASOx
BRI (Unweighted pair group method using
averages algorithm, UPGMA), #] H§ NTSYS-pc
2. 1O Rl g TR REIR T

2 5 B
2.1 ERNMAERERETEPFRBHAERE

5 M54 N ANDERSEN-6 R 4 5 I 75 /9 K
W kF v & i (P {ED 43 A 37,13, 14,63, 9
CFU/m’., &APRIGHF R & =T EXIa 10 m Al
B JREL 50 m AXAE 2 A3 37 3 B B K IR S R
Bk 4 ARy 2, 1 CFU/m® XG4 D 7.2
CFU/m’ ;5 & T K 10 m & K A1 3 & & 41
ok 12.8.3.24 i1 5 CFU/m’, N 1] 50 m &b K i
FFE & #4008 6.2,0,16,0 CFU/m’; T X m] 100
200 m AR WALAE 2 >3350 B B R A 1 L 08 &
AGHESMA 3.1 CFU/m*, 4 D K 2,2
CFU/m?; F X Jm) 400 m 4bER AT 43 B B K AT 1A .
1M H. [/ — 337 4 5 & A R B g b B XU 10,
50 m AR K 10.50,100,200 m) 75 2 (4 K 7 AT B
TEZESEE(P<T0.05)  HE&FHNT Km A [F R
B IE (10~200 m) B KT & i 22 7 00 3 (P
>0.05) (% 2),

2.2 ERIC-PCR &£ &R

JH ERIC-PCR Jj 1 X%f 35 2 5 v |5 N 28 ORI
Hhas S BB R AT W AT R 8 T
XG4 A Tl 0458 v K T Y as A% aE Ak R
(B 1 BA AR 300G 2 59 K AT 18 B A A TR )
ERIC-PCR f8 8 i . [A 0}, 8 T d iR 22, fE R —
MGG FEAR N A S 2 P o B B K
FE TR AE R — > SO 25 8 T — W58 B T L H, bk s
JEAE [A] — LB I — R 58 LUK .

SER R TENS A ACE 1A ZEE 43 B0 1 Hk
KA B (Feces-6) 55 & N 2 #kLH KM AT & (In-
door-6 I Indoor-7) FI'F XU [5] 10 m A4 B 1 BRS
K W 7 7 (Downwindl0m-1) H £ 4] [q] ERIC-
PCR 48 80 &3 , B st (& A UMy 100205 & P 2 #RS
& KW #F 5 (Indoor-1 F1 Indoor-2) 5 F X ) 4b 43 &
M 3 k¥R 3 KB FF H (DownwindlOm-3. Down-
wind50m Fl Downwind200m-1) , DA M FE{F 1 #f K
W A B (Feces-9) 5~ X100 m 4k 73 55 1Y 18k 3L
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R2 SABHRERFSEXBTEANSE (n=5)

Table 2 The concentration of airborne Escherichia coli in five chicken houses(n=35)

CFU/m?®

3y a ERUA 50 m FEXUE] 10 m % N TR 10 m FRUA 50 m FRUA 100 m T RUE 200 m LA 400 m
Chicken houses UW 50 m UW 10 m Indoor DW 10 m DW 50 m DW 100 m DW 200 m DW 400 m
e KA{H Max 7 11 134 49 24 11 3 0
A H¢ /M Min 0 0 7 0 0 0 0 0
i) {H Median 1 2 37 12 6 1
1% KM Max 0 0 59 35 12 0 0
B #¢ /M Min 0 0 3 0 0 0 0 0
Frli) {4 Median 0 0 13 8 2 0 0 0
% KM Max 0 0 71 12 0 0 0
C #¢ /M Min 0 0 0 0 0 0 0
1 a] { Median 0 0 14 3 0 0 0
% KAH Max 10 27 236 80 40 10 10 0
D /M Min 0 0 11 0 0 0 0
th ] { Median 2 7 63 24 16 2 2
I KA Max 0 0 35 18 0 0 0 0
E /M Min 0 0 0 0 0 0 0 0
1 [a]{ Median 0 0 9 5 0 0 0

UW. Upwind; DW. Downwind

KIgHF 1 (Downwind 100m) FHLIPEER Ky 100%, &
fITATRESR BT FE8 o b ZE M8 b i O FF T S 9 T K 5
1M 2 i 1 AR R AT B (Feces-3) 5 EXUI] 10 m 4k
B 1 BRI AT W (Upwind10m) A7 B4 X
TV 5 X 50 m AL A B 2 bR KB K T
B (Upwind50m-1 I Upwind50m-2) A 1 4 X M
73 %0 T U BB XU T] 43 B9 13X 3k 4t 7 A
Fe BT 208 s EXUE 50 m AbSr B R 2 BRAER KRBT
H (Upwind50m-1 il Upwind50m-2) 5 F K[ 100
m AbSrES I 1 AR BRI T (Downwind100m-2)
R 9104

[ RE  EAS 4 BN (& 1B 288 b 20 B 2 #k ok
W ¥ E (Feces-2 1 Feces-3) 5 & NS5 /0B 2
MR 2 FTF 5 (Indoor-1 I Indoor-3) & T KA 50
m b 43 B 1 Bk 3K  FF 1 (Downwind50m) AH
IPESR 100 %0 s 250 43 BE Y 2 Bk K FT 1A (Feces-
10 1 Feces- 1D 55 NER R0 ER 1 SRREBE KRG
F & (Indoor-5) L K B KU m) 10 m A 7r B Y 2 #R S
#H KW (Downwind10m-2 1 Downwind10m-3)
FARLPE S 100 %6 57 R KU 10 m &b 4 B 1 B3R
K FF # (Downwind10m-1) 5 2% fifi v 43 85 19 £ #k
KGATHE (Feces-2, Feces-3 55) & NP A
X K W #F B (Indoor-1. Indoor-3 &) AH {2 4 X K
832 (P 1B) , m] WLN U] 43 25 21 119 3 b K 1 1 7 B
ARKATHRM WARKATEHNEA.

XS E COE 1) NEEME P B Ry 1 Bk KA

B (Feces-2) 5 & NP 70 B9 1 HRAE KRBT
B (Indoor-2) , Z5ff Fp 43 B 1) 1 £k K #F & (Feces-
D HENZT B 1 HRAE R # (Indoor-
LT Km 10 m 4b gy B 1 BRECOR I A
(Downwind10m-1), & H1 73 B (9 3k K 4T
(Feces-4 .Feces-6 fll Feces-7) 54 NS F 0 EH
1 BRSO A B (Indoor-1) A RLER S 100 25 (&
1O TR KU 10 m 473 85 89 1 Bk R I A
(Downwind10m-2) 5 3§ fif o 7 85 1) s AT 1] (Fe-
ces-3 &) [y N 25 A 23 B B9 KW A 1E (Indoor-1
SE) AL PEAL A 805 .

TEXG S D N (B 1D) FEE h 3 B ) 1 AR R I AF
# (Feces-8) 5 T U] 100 m AL /385 A 1 #REOK
AT 1 (Downwind100m-2) , 26 {# 1 3 B Y 1 #k ok
PR (Feces-10) 5 &N 4 B R 1 ARAECK
T (Indoor-11) . ZEJ b 73 8 19 2 Bk K B
(Feces-11 1 Feces-12) 54 NS P 0B 1 S
B AW (Indoor-4) » & N2 TR0 B Y 2 BRUEL
T FF i (Indoor-1 #1 Indoor-5) 5 F X 4] 10 m &b 43
B 1 SRR 3K E (Downwind10m-2) 8 8L 4 &l
2 100%; 1fii Feces-9 5 Upwind50m-2 #8 1 1 K
92 % s 25l /r B Y 3 MR R AT 1 (Feces-10 , Feces-11
Fl Feces-12) 5 Upwind50m-1 AR A 80%

1EXG S E N (K 1TE) 26468 i 73 B 19 3 Ak R I A
Wi (Feces-2 .Feces-4 fil Feces-8) 5 & NS P8
1 1 RS K W #F 3 (Indoor-4) , ZE v 43 B 1y 1
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Fig. 1 Dendrogram of Escherichia coli strains in 5 chicken houses
(A,B,C,D,E) based on ERIC-PCR method

PR FF 7 (Feces-5) 5 & N 0 81 1 #RS
K W FF B (Indoor-5) , 22 43 B3 19 1 8k KA AT
W (Feces-6) 5 & N2 70 B 19 2 s KRG
F (Indoor-1,Indoor-3) A B PE &R Ky 100% . AR 37
e B R £ 4 DL RUT) 50 m Ab s R R e Y Bl
R e - E DN 7R

3 it

KWW (E . coli) J&= N A 9l i v i) —
Fh AR T A R AR TR T BOK W A R 1R R
S B A L R A E) 101 ~10° CFU/ g,

PSS

AT LAREZEAEHE . At K AT AR N R I 3 4
A PR R B AR A A AT AR O PR B K R b A 2
TSP R AT . Hojovee 4550 890K K #F
AR N PRAL B & s R R A . 2 BN TE R
i FF T 41 RE 4% 308 3 9 AL 3 L 2 Ak J R L B R S i X
RTE IV W T R K AT T A 2 L L A
JEBOR T AN [ LT B A R R B R R AR 2
ERte I NG i ON:7 L il ES R 7 RNV PN 7]
PR @ I, &K KInTRESREN 2
GG » UL b Sk 5 A A LAl 5 L B P A
RN VLT T8 A5 25 97 & Ml BB R I & T
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Ko MAEME, PERBHFE AT ULSBALNZ
T o a0 < 9 1M M PR B0 CHUS) | I /N i sk 20 1 €
i CTTP) (P il B e CHO) L A= L 2 LA B Ifi
FIAEH . G FEA S i RLK I T B AR S 48 R
ORI 5E Sl W & ob B W 1o ) L B 5 ) A% 1 B AT
BEALTAER L,

T3 A N A BRI A T AR
(3 2), X893 & N 2P KT B Rk B s 15 4h
T XUTE] AS TR BE B AL s SR R T A R kB (P <
0. 05) I 25 R W] X0 v X0 11 2 {5 4 HE Mk 49 A 7
T BUBUAE W0 WS A N BUE ) O I 4w . Bl
A& WMV S A WL B &5 51, & 5h E XU
IAENG & ACFT D 73 B BB A8 L JF B i A
R AEHE 3 ARG & b XU m A AR A 43 25 3 L i HLAE
TXUE S ARG I A A DLy B B BR A . )
WLy b T R T A T Y S R DA e X ] AR
KIGFE &R, T X &R E £ G
S RSB TIAR o T & 0T Ui A [7] B 4k (10~ 200
m) K AT B B 22 8 B3 (P>>0. 05) , IR B
B R A TR G 1] 4 A% 486 B B 8K L 5 i S
8 (>200 m) . f g ] DL, & A R AT 18 1E
AN AR A2 e 1 ok i v kb JHG D B 64 BF B 43 7 Ak B
Wi o AGRIALTE 2 DA & (A F DY _EXUE) 23 25 2
SBER I EAEXG & R KU 400 m AL R A 43 125
BRI AF 33X 7] RE S A K AT B & i A, B
JE AR AR B A TS Y LA R IR T AR X
JiE S5 Z R F S T AR s P AR TE L
B A I T 8 SR A I 98 45 PR 3 00 4 TR 11 1 5 UL g
SEAEIET Y.

Y B AL 58 53 25 7 1 e LA DX 4 [R] — F 28 s il Ry
AR BRI AR o T T4 70 I 3 A0 7 b & S R
B2 A 8] i) 2 LA )7 %) (Enterobacterial Repetitive
Intergenic Consensus, ERIC J#41)) & —Et 126 bp i)z
) 8 5 7 41) o 6 T i PRI 2 PN AT o S 110 U o ) DXl
SRR R p X, ERIC 80 B A 76 5 A4S 5E A
b, A R 9 PR <7 2%« Fl ERIC-PCR 153 3] 1) DNA
SRR IE R S Il HE 200 TR R > BE DR ZH 25 4 1Y 22 S L BET
W7 3t IX 5143 75 A ERIC J3 51 19 AS [ 48 7 o 0 AN [m) 7
o PRSP R 7 25 7R bk LA AR SR 1) 5 3 g
deBruijn"* f] ERIC #5313 ¥ UL R. meliloti (B K
AR A ML D B9 Gt (5 R DNA Sy B i 4T PCR 973,
KA 30 224~ TR 14 7 W) 78 35 I W B G Hh Uk 4
B REAS H s SRR Y A5 RRAE o DA T A 280X 53 AN [

FEERE . Judd 2 B ERIC-PCR %8 AE 781k o AR 9
PRI #2123 AT AR UEAT 1Y R 8 K& 5 40 M 5 PR A
B K B 2 5 M (RFLPs) 43 7 19 45 9 — 8. 7l L,
ERIC-PCR {2 —F G 2L 1 43 F 4 BU A 0] DU F
S F AT A

A5 L ERIC-PCR J5 i & 8L 45 X & N A
R 2 BE v 43 B I K A B 5 L R A R A B EL Y
L4 K FF B A ARUME 43 0035 100 %6 48 7R & NS R
rh o3 B 9 3 8 O AT TR R 1 388 {6 v B IR B S8 4 AH
Ivi) 140 BT A 5 TR RE 5 DR 37 4 1R IR I) 43 15 31 K i 7
A 12 ¥R 8 7 S R g B AT B R AL
1 100% LM 2 A (A Fil D) R84 1 KL i) 4 55 3] 1
K FE B 5 4 9 a5 A3 345 v 1% K FF T AR AL 4K
INAL R T3% ~92% . BT UL, 7E B Y 5 X Ay
P X 50 v B R AT B8 R A 28 3 A2 % i 0 B AL 2
TR TE W I o i NIRRT R 5 19 X3 3 0 1]
Fi N GO U e g . T L X SR R R B B
B AN AR I 52 480 17 1% 18 1039 3 6 3R 8 L AR %
R IR — 5 A B S 6 ) 00 3 B s T e L 0
B3I N B3R Bl 4y ) A B A R A R L o o R
B WL A Rk — 21 5% .
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