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Isolation and identification of multidrug—resistant bacteria in feces from large—scale livestock and poultry

farms and their antibiotic—resistance characteristics

TANG Wei—xin"?, SUN Xing—bin"", GAO Hao-ze’>, CHENG Shou-tao’, QIU Tian-lei*’, WANG Xu-ming’

(1.College of Forestry, Northeast Forestry University, Harbin 150040, China; 2.Beijing Agricultural Biotechnology Research Center, Bei-
jing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: To investigate the characteristics of multidrug—resistant bacteria in livestock manure, the bacterial counts were determined in
poultry manure, cow manure, swine manure, and organic fertilizer. First, the multiantibiotic-resistant bacteria were isolated and purified.
Then, 16S rDNA sequence—based identification was performed, and their antibiotic susceptibilities were tested by disk diffusion suscepti-
bility method. The absolute and relative numbers of bacteria resistant to tetracycline, enrofloxacin, sulfamethoxazole, and tylosin in manure
were ranked, from highest to lowest, according to their percentage : poultry manure, swine manure and cow manure. The relative number of
multidrug-resistant bacteria was lower in organic fertilizer than in manure. By the identification and taxonomic analysis of drug-resistant

strains, it was found that most multidrug—resistant bacteria in livestock manure belonged to Proteobacteria, Firmicutes, and Actinobacteria;
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the dominant genus of multidrug-resistant bacteria were Escherichia, Corynebacterium, and Kurthia. The dominant genus of multidrug-re-

sistant bacteria in organic fertilizer were Staphylococcus and Glutamicibacter. Antibiotic susceptibility testing of the strains showed that the

multidrug-resistant bacteria in all the types of animal manure had high resistance rates to erythromycin and tetracycline, with more than

80%. Most of strains showed sensitivity to amikacin; the amikacin—resistant rate in all strains was less than 30%. The results of amplifica-

tion of class I and class I integron gene cassettes showed that the size of PCR products ranged from 0.8 kb to 1.8 kb, and adA2, dfiA17,

dfrAl, and sat2 were the majority class | integron gene cassettes in farm manure.

Keywords: livestock feces ; multidrug—resistant bacteria; 16S rDNA ; antibiotic susceptibility testing; integron
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Table 1 Counting results of culturable multi—drug resistant bacteria in farm manure and organic fertilizer

o 42 Cow manure ¥4 Swine manure ¥4 Z€ Poultry manure HHLIE Organic manure
Sample K tRifEE TR bR TR b2 g e
Average Standard deviation ~ Average Standard deviation  Average Standard deviation Average Standard deviation
SEEUcfu- g 1.89x10% 1.22x10° 1.90x10"a 1.93x10° 2.67x10% 2.11x10° 3.03x10"a 2.89x10’
LW E cfu-g' 1.17%10% 5.81x10° 3.95%10% 1.50x10° 4.26x10b 4.25%107 3.78x10% 5.03%10°
A5 H/% 0.79b 0.46 1.55ab 0.68 29.14a 20.24 1.80b 1.41

T« AT AR AT AN IR 7 B 22 53 1 25 (P<0.05)

Note : Different letters in same row indicate significant difference (P<0.05)
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(P<0.01).
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Figure 1 Multi-drug resistant phylogenetic tree in farm manure
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Table 2 Phylogenetic relationships of multi—drug resistant bacteria

["] Phylum Bl Family J& Genus i Species 434 JF Separation source
Proteobacteria Enterobacteriaceae Escherichia FEscherichia fergusonii R a3k
KE701379_s S
LFHY s G
Shigella Shigella flexneri A MG B
Ignatzschineria_f Ignatzschineria Ignatzschineria cameli X528
Moraxellaceae Acinetobacter Acinetobacter indicus PLEZERiINI
Acinetobacter variabilis AT
KB849267_s AL
Psychrobacter Psychrobacter faecalis e
Psychrobacter maritimus hiEi
Psychrobacter pulmonis 438
Morganellaceae Proteus Proteus mirabilis pEE
Proteus penneri PLES
Providencia Providencia alcalifaciens 43
Pseudomonadaceae Oblitimonas Oblitimonas alkaliphila 3
Pseudomonas LK391969_s TIATHLIE
Pseudomonas pertucinogena XA
Firmicutes Aerococcaceae Aerococcus Aerococcus urinaeequi G FEA LR
Aerococcus viridans XS FEATHLAL
Bacillaceae Oceanobacillus Oceanobacillus caeni PLE~ZERiINIIMt
Planococcaceae Kurthia Kurthia gibsonii pEES
Lysinibacillus Lysinibacillus jejuensis X2
Staphylococcaceae Jeotgalicoccus Jeotgalicoccus nanhaiensis G FEA L
Staphylococcus Staphylococcus arlettae EIAPIL
Staphylococcus lentus FEAYUR, B2 HLUE
Actinobacteria Corynebacteriaceae Corynebacterium Corynebacterium casei EEG
Corynebacterium freneyi A3
Corynebacterium glutamicum X2 FEAEA UL
Corynebacterium stationis A G I AL
Micrococcaceae Glutamicibacter Glutamicibacter creatinolyticus G FEA LR
Glutamicibacter halophytocola pLES

Mk AR 2 Bk 2RI S R RS 2 ALAE IR 6 k.
TEJE K-, Escherichia ™43 123 31) W TS 24 TR R 55 e
1R, N 13 Bk, TR 2Y TR PR RO Y 17.33% , %8 A1 iR
TEXGHE FE3E AR FMA NI h A 7085 o Escherichia
ST B FEE b E UL TR 2 R, o B A

FE X FEEFEN FRAT N S0 E R AE PR v 4 1% 4
KUBS: o FEYR A Corynebacterium , o5 ST 24 B8 #R B0 1Y
14.67% , B A BF 58 3R WP IR AT 16 BE 4% 518 7™ 1
I R SRR e O IR B RER (A SR RO
Staphylococcus , 1 SMN 25 MR ERIE 19 9.33% , #5i % 3K T
2 HE A N F IR BUR I, Aok MRSAP 2 1
SHLC R 5 14 TS 245 M T 52 21 i R0 PR S 0F 50 s iy )z
R, BARAWIT T vh I R e R 4 v €0, 36 4 BR AT L (B A

PR T V5T 1 4 5, LT 43 5 1 MLAE , 50 B 3 A
A TR T 24 T P PR A IR . S R Kurthia,
o7 LT 24 TR R B Y 8%, H R, I R & PR IR G A
SR D TR R B A T 2R, L)z A AR U R
e,

0] HA [F] 57 5E 38 & & 28 M b Z E i 2 14
FRBCRE S R 28T, 76 23 BRAG 2 A B IR I B ik rh A
SARTAE A THAG R, IS HRER A TR, A
oo B AR TEAT IR TR 2, A 38K, i 37.5%;
MAE RS, o B I ERE R B 2, A 6 K,
07 40% ., HUOEEWICHE , A 50k, 5 33.33%. 1E
18 MR AR 2 43 B IS P B AR, ol B 05 44 15 A PR 4 U
FIRR TR 25 O Mk o W3- UR A B RR op | 08V AT 1 8 LL f91)
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WIFAR TR 2 o A4 2 0 8 i B A
KE701379_s . Psychrobacter faecalis . Psychrobacter pul-
monis  Providencia alcalifaciens . Oblittmonas alkaliphi-
la , Corynebacterium casei . Corynebacterium freneyi , 1%
FF 14 J& (Psychrobacter) FEAFAE T35 K& K ATl
an P HEDEAR R BB M E0m e . TR
EPUAE R, 18 SR 8 BT 8 (Providencia) X -
PERL S | Vi A 2 | S8 ST 2E45 11 2609 13 50
25y BETR 2529, e Ah A B S A — E 11 5 [ ol
8 B AT it 20 B9 B — Bk blaNDM -1 £ P B 1
108 EC L 5 5 TR s (ARG 2 b o B R A Psy-
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J& (Corynebacterium) W HR 43 M 7 & — KB B N
AR O U L H T ISR, A AT AR i
SALRE LA NP, A HUE P 25 14 5 FR s 3e v i
AT, HG S B A AN ST T BB TR IR T
R GE N, TR & & 2E0E M 25 i b SR I
R FIPRARFTF R F AN di 03, ol B S DR i vl A
AR AT P AN TR N 1 5 il A vh 2Rl 3L
A K, AR W ST T4 HAE 60 COK IR AR BE 0.5
min Ji7 , AT BIE T2 30535 99.9% . F g L 45
H BRI 280 v i AT o 52 B R 3, i
2 G A Y Aerococcus Fll Staphylococcus FHXTAG W
AR e, DA E AT HILAE P BE 5 T A . SR e A
WFFEHE I AEHERE S O d, A i FP 4 B €0 3 4 BR TR Tk 2
Bk E| 10° cfu-g ' HENESE 7 d i), SEOR A b 42 9
04 2 BR A B R AR ZE 107 efu- o (B A B A7TG
WA, Aerococcus F Staphylococcus R J& F IR BER ], 1F
R AF R Y FESEAE rp AR X 3 B R A 2 e T e
FE T U S0 R v T B R R B e v 2 B R AV
LEg/aO8

2.3 D BEERBITTZYERHE

XF 23 RS 3 22 F M 24 DA A L 18 Bk A2 2 E it
TR L L] PR 28 22 R T 2 TR R S R T 2 AR
HprA: Z i 2k 45 5 04 3~ 5.

TE XS 3% v 43 18 T 1 23 Bk 22 T T 24 7 R, % 1S
PUAE AT 21 h 55 SRR YA < PR R A <k e
W< PR K5 R =22 S D 12t <K AR < 2 VG k<5
B R =D B < VU PR 5K <l fhig F Bk < PR PN 70 L =1
W R<EE R =R H <A EHE,; SR oE
B 18 MR Z E 24 B AP i 240k PR 5 S AR R O < BT
KR BE<PRRER <@k <850 2= N1 A
=R ABWRIF <R B <R e % </ B R <R mib <
SR TUM< VU IR R =15 55 2 <Bfi i FFOmme=21 8 K . 7
FEEET A B 11 bk 2 F 1 24 TR 1 T 257k 55 2 0RAR
PR < B B < 0 e k=K AR IR T < RLTAE VD B <
B R =K KE R =L FM=11 51D B <A EH D R <
IR B <R JE 5 =5 55 R =l e G <D0 R 2K <
CIAE R . Hi, 3 a0 B R B R R T 2T 5 2 R DU 3R 3
PR TR 2504 350 185 F 70% , X 1] B -5 77 A o e A A 1 A
KINPI RSN U IR 2 20 A A R I Rh s I A5 ¢
Pan 856N 2% B A% 2% P DU PR 24 KAk B ik 3
764.4 mg-kg o BRILLIAN W34 B U T Bk A G 2]
i 245 %588 3k 70% WIHTAE A S, S e H R 3
WP R B RE ERREREREHS . fEFE0E
T e R ARG I 3 i 24 % 3 70% R PR F A S A,
oE R T R I Y N S a1 R
e BT IR RIS 20 , Zhao SE% 3K [E AL
WAL R b & M A R, RNV A VD AL
TEEF R &R 70500 29.59 mg-kg ™ H146.70 mg-kg ™.

R R DR XS 3 B R TR AR TS 24 %o L 5 SR B, 7
8 MR FE A 43 1 U 1) A AR R, LR SRR JE i R O
W 2T 75 2K AT 25 R 135 100% 5 10 %6 Sk £ Wig Wi K7 fif >k
R 25 R8T 30%. 5 PING 43 B IR 11 8 Bk P X
Fb, BR 2155 2 i 25 A0 R A , &85 R A R 1 B Y i
2384014 100% 5 BUB R0 8 0 2 B K s B Ak At g
Wo WA TP A A3 B R TR PRI 25 M%) L 25 SRR B, R
X e P SR RN 2T 5 2% N T 24 R 1A 51 100% . 7E
WA 19 20 B AR B R, O Sk O 28 | TR s ) 25
BN R PUE R 2R KT 50% , T 2 548 T
50% 1 P 2F 43 B IR T Ak v R 2 SR 2 b py BTk
A,

3BT b i 2 E I 2 1 2 0] 57 5 R
ML AE 2 NGB R 2 S T T 2K | B— P R R 2 L
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Table 3 Statistical results of antibiotic resistance test in poultry manure

kAR AERE SIS B-MMtHZE  ZUBMHTZE Wil UIRRE RIWERE
s Cephalosporin  Chloramphenicol Fluoroguinolone B-lactam  Aminoglycosides Sulfonamide Tetracycline Macrolides
Fungusmame ek RAUR U AR FAW B0 B TIO0 SEE EEE KR KR BRPE  NFE  a8X
CTX MISCF #FFC CHL AZCIP £ NOR £ENR L/h? CHL #RAMK ZCN A AMK mBiSMZ TET ERY
Escherichia fergusonii 1 1 I 1 1 1 I 1 1 1
LFHY s 1 1 1 1 1 1 1 1 1
Shigella flexneri 3 4 6 6 6 6 6 5 4 4 4 1 5 6 6
Proteus penneri 1 1 1 1 1 1 1 1 1
Kurthia gibsonii 1 3 4 6 6 3 6 3 1 1 2 4 2 6
Corynebacterium glutamicum 1 1 1 1 1 1 1 | 1
Ignatzschineria cameli 1 1 1 1 1 1 1
Proteus mirabilis 3 3 3 2 3 2 1 1 1 3 3 3
Lysinibacillus jejuensis | 1 | 1 1 1 1 1 1 | 1
Corynebacterium stationis 1 1 1 1 1 1
Glutamicibacter halophytocola 1 1 1 1 1
it 6 9 20 20 20 1320 8 13 12 8 3 19 18 23
it 245 2%/ % 26.09 39.13 9130 9130 86.96 56.52 86.96 3478 56.52 52.17 3478 13.04 82.61 78.36 100
F4 FEPHERMARNGEITER ()
Table 4 Statistical results of antibiotic resistance test in cow manure
KAk WERE TR B-IBEMEE  ESEREIE B TURERE RINEEE
sk Cephalosporin -~ Chloramphenicol Fluoroquinolone B-lactam  Aminoglycosides Sulfonamide Tetracycline Macrolides
Fungusmame kst SO RURIE WK P A0 MO R TR g RL pokw DRk mETEM WRE A%
RCTX MISCF % FFC CHL A CIP £NOR ENR {EL; CHL AMK FHCN A AMK SMZ TET ERY
Escherichia fergusonii 3 1 1 3 2 1 2 1 3 3 3 3 3 3
KE701379_s 1 1 1 1 1 1 1 1 1 1 1 1 1 1
LFHY_s 1 1 1 1 2 2 2 2 2 2 2 2 2
Shigella flexneri 3 3 3 3 3 3 4 3 4 4 3 2 4 4 4
Oblitimonas alkaliphila 1 1 1 1 1 1 1
Corynebacterium casei 1 1 1 1 1 1 1 1
Psychrobacter faecalis 1 1 1 1 1 1 1
Psychrobacter pulmonis 3 3 3 3 3 3 3 3
Providencia alcalifaciens 1 1 1 1
Corynebacterium freneyi 1 1 I 1 1 1 1 | 1 |
Bisay 8 10 12 14 10 9 11 10 16 15 6 5 18 16 18
it 2 %/% 4444 5556 66.67 77778 5556 80.0  61.11 5556 88.89 8333 3333 2778 100 88.89 100

e ds (DU RS RKIR IR RSP0 R A 5 B 1T
2y i FET ISR Sk AR 28 bR A E
PREER LIS X PR B A R i3
L0 L 25500 0, 1 AE RS ZE A A 26 Z A 1)
i} 24 2t 3 AN A 13.04% F127.78% . #57K 51021
HF 78t 2 B, 76 0] 1 305 40 1 IX K 22 0008 A B R 7 %o 4
IR BTOR R RO AU, AR IR R B AR
JUAIYT 55 4 X ZE 6 b b 5 R A T8 A 4 25 ik
s KRR AN E EER LA E.

PR KT R 24 FAE 50% LA, Tk ) k- 2 R B80R%
Xt e BRI S R A A 24 B0 o, XL
WA R R KER AR R R R X
TN, T 25 2R AE 26.5%~66.3%"", K £ T i IR X
FUALAC TR B 5 B RE G b 43 B3 0 R I TR0 T Sk A
W | Sk AR K Bl KR B2 1 s R B 7E 80% LA P,
X WA [v] 1l X 2 S 1 24 1 P i 25 PR = 2R LY, 5
ARBFFEANSE o PEsIE 2010 4EBF 5T S8R, &1 %] pg
DX 0 5t s B T 1 2 OGS Tk e S % e s e
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Table 5 Statistical results of antibiotic resistance test in swine manure

KAk AEAEE TR B-MELMEZE  EANHTR WK REKE KB
H4 Cephalosporin ~ Chloramphenicol Fluoroquinolone B-lactam  Aminoglycosides Sulfonamide Tetracycline  Macrolides
Fungosmame Ik SR RURE REZ SR WD GRS ARAD BEE AEE AT FAF RETES  WOFE AG%
WECTX WSCF %FFC CHL AECIP ENOR HENR ALEV CHL #RAMK ZCN EAMK  SMZ TET ERY
LFHY_s 2 2 4 4 3 3 3 3 4 4 4 3 4 4
Shigella flexneri 1 1 1 1 1 1 1 1 1
Psychrobacter maritimus 1 1 1 1
Corynebacterium stationis 2 2 2 1 1 2 5 5
) 2 2 7 7 6 5 4 4 5 5 5 0 7 10 11
it 25%/% 18.18  18.18 63.64 63.64 5455 4545 3636 3636 4545 4545 4545 0 63.64 90.91 100

i 28 H0 A 2T 2 M A g, T A A 2R P AR R
AU G RT N TSR AE R B- N R R BT AE Y
i 25 VA b . 3 & IR s ) e 1 B 2 M3 n
T U WAENG IR b 10 kT i X A5 R
H T2 0 40 R 7 A T R E M 2. AR
Sk H G S5 205 A PR R b A 2 2 40 Y 25 PR
FUADE SR A T BE A R , Ll i — 2D ek 2 A
PR T WA SCAIF 5 B B TR 45 SR it 245 240 T3 A1 i 245 ik
58
24 SEMHRNEES FHKR

H 4T (Integrons) S M 25 FE L M EE S 5
TLOENE RS A 2T St 25 3 A | AR 24
BAETAGARAB M (AHEES — R 253 K
FRIEG A% RO AR PR DGIE , it & 4572540 i g AT A B
T 98 2 T 2 B (0 E A G RS e I vEAh . 2B T
AT 85 ¥k Z F M 24 P A T4 & TR, 45 SRR B
ORI A 1 AT I, 4 81.2%; 47 50 4k 1A
S N BHBETHN, 5 58.8%, HE— XA Ty
FER G 1S, SRR T 1 AR R & (F6), i
BEKEMO0.8kbF| 1.8 kb A%, 78 1 K& A& F A
10/ K 6, Forh A AT o T3z i R IR oy i
it 25 e K aadA2 36% (n=12/33) FilTik iz 2 it 24 5
dfrA17 33% (n=11/33) PiFl , FEXG 3 A= ZEFIA AL
NEr A E R . AE 128G AUA sar2—dfrAl —
FiEE R Gkt B RN 1.2 kb, X — 2528 5
Yang MR SR AR, i [ 2885 F R S8 h

(DAEAL S SR FEM P, IR BiRTD
Pt I PR G R8O T 2K 4 R 3R 0 22 F N 24 T
5 BARDU (a3 B A RO ) HE P s 2> 45 3>

A28 FRPFATHUIE b Al 8% 37 10 22 T 24 T 1Y 4 % 4K
et ARG B A I B, 0 SR T 2 — Fh 4 2
T 24 2 T A T B

(2) EBEAL 8 7 IR 51 S 08 b 2 T 2 7 2 B4R
HZE Proteobacteria , Firmicutes F1 Actinobacteria3 />|]
o, Z 25 B B PLRE R Escherichia  Corynebacteri-
um Kurthia ; A3 HLEFE & H 2P0 25 8 LR )s 5
FAE A BT ASTE , N Staphylococcus F Glutamici-
bacter

(3) Z2 H 1 24 1 bk 1 2 B0 245 SRR B, 3 28 5%
B S I FE A v 4 22 T 24 TR X SR AR LA R
AR R MRS BN RIS DUPR R
2 RIR N RSP 2R SR AT 46 85 TR 24 5 T %)
RAEWEIT AL AR DA R U KR A2
A A B R U

(4) ity 1, 12885 7 HE & i3, Wl
TTEFRHFSMEAMENE h 2 A e 1 2885 1A
BRTH aad A2 TN dfrA17, VLK I 2886 TR &
BRI sar—dfrAl,
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Table 6 Antibiotic resistance of isolated strains and their relationship to integrons

AJ AR X S K B LR Gy Bt A O3B R AL B
Length of variable region/bp ~ Gene cassettes and order Resistance phenotype Number of isolates Species
I kG
800 dfrA17 CYX.FFC.CIP.P.CN.NOR,AMP .ENR 2 i
E.G.SMZ.LEV . TCY .SCF
800 aadB FFC.E.G.SMZ.TCY 1 X FATHLAE
900 AAC(6" )= FFC.P.E.G.SMZ LEV AMK .SCF 1 L=
1000 aadA2 CIP.ENR.E.G 9 X2 FGFEATHUIE A2
TRAATHLE
1000 aadA9 FFC.CIP .NOR .ENR.E .SMZ . TCY 2 X3 MG P
1000 afrA27 arr3 CIP .P .NOR.ENR.E.G.SMZ.SCF 3 PLES
1200 aadA1-dfrA15 FFC.CIP.P . AMP .ENR .E .G .SMZ . TCY 1 X2
1600 dfrA17-aadA5 FFC.CIP .NOR .ENR .E .G .SMZ.LEV , 9 PLESDLE 2 SFi IV LA EE N
TCY b RN
1600 aaac(6’)-T -aadA2 FFC.CIP .NOR .ENR .E.SMZ 2 PLEZERiINI
1800 dfrA12~orfF-aadA2 P.ENR.E.SMZ 3 2 8%
I Jde 57
1200 sat2—dfrA1 FFC.CIP .NOR.ENR.E.G .SMZ 10 B MGIEAHUIL JEZE

i #zﬁﬁ%%ﬁ CTX, Sk fMEN ; FFC, 3 z:xJE% CIP, RN b

E, %556, 5% ;SMZ, i i 2w LEV, E

;PR CNL R RE R NOR, IV & s AMP,
TP AL AMK, BT*%EE ;TCY, YRR ;SCE, Sk AN

SAEVEMGENR, BT

Note : Abbreviations for antibacterial drugs : CTX, ceftiofur; FFC, florfenicol ; CIP, ciprofloxacin; P, penicillin; CN, gentamicin; NOR, norfloxacin; AMP,
ampicillin; ENR, enrofloxacin; E, erythromycin; G, penicillin; SMZ, sulfamethoxazole; LEV , levofloxacin; AMK,, amikacin; TCY , tetracycline ; SCF, cefoperazone.
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