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Distribution characteristics of antibiotic resistance genes in

livestock manure and the reduction techniques: a review

LI Xianhui, LI Jianzheng, ZHANG Chengcheng, LIU Wenbin, MENG Jia"
State Key Laboratory of Urban Water Resource and Environment (Harbin Institute of Technology), Harbin 150090,

Heilongjiang, China

Abstract: As the intensive livestock breeding industry develops, veterinary antibiotics have been

frequently used, allowing the emergence of antibiotic resistance genes in livestock manure. These genes

pose great risks to ecological environment and human health. Thus, it has been a research hotspot to

reduce antibiotic resistance genes in the livestock manure. This paper summarizes the source,

distribution and influencing factors of antibiotic resistance genes in livestock manure, as well as the

removal of antibiotic resistance genes from livestock manure by aerobic composting, anaerobic

digestion, and their enhanced processes. Finally, in view of the problems in the available techniques, we

summed up the future research directions, hoping to provide theoretical basis and technical support for

the removal of antibiotic resistance genes in livestock manure.

Keywords: livestock manure; antibiotic resistance genes; biotechnology; aerobic composting;

anaerobic digestion
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ARB: antibiotic resistant bacteria.
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Table 1
genes

Common antibiotics in livestock breeding and their functions, and there lated antibiotic resistance

Antibiotic

Common antibiotic

Antibiotics Efficacy of antibiotics . References
category resistance genes
Tetracyclines Tetracycline (1) For treating chlamydia infection, mycoplasma tetA, tetB, tetC, tetE, [12,19-20]
pneumonia, rickettsial disease, cholera, tularemia, rat  tefG, tetH, tetZ, tetK,
bite fever, tetanus, plague, gas gangrene, etc. tetL, tetM, tetO, tetS,
Oxytetracycline  (2) For treating white scour and lamb dysentery caused tetW, tetQ, tetT, tetPB,
by Escherichia coli or Salmonella, hemorrhagic tetX, tetPA, tefU, tefR,
septicemia, swine pneumonia and fowl cholera caused fef(33), tet(32), otrA,
by Pasteurella multocida, bovine pneumonia, swine tet(36), tet(40), otrC,
enzootic pneumonia and chronic respiratory disease of otrB
chickens caused by mycoplasma, etc.
(54

http://journals.im.ac.cn/actamicrocn
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Chlortetracycline
Doxycycline
Sulfonamides Sulfadiazine
Sulfamethoxazole
Sulfamethazine

Fluoroquinolones Norfloxacin

Ciprofloxacin

Enrofloxacin

Macrolides

Erythromycin

Roxithromycin

Tilmicosin

B-lactams Penicillin

Amcarbcillin

amoxicillin

Aminoglycosides Streptomycin

Kanamycin

Gentamicin
Glycopeptides Vancomycin
Peptides Polymyxin E

(3) For promoting the growth of livestock and poultry,
improving the feed conversion rate, and preventing
pullorum, typhoid, paratyphoid, cholera, coccidiosis,

pneumonia, enteritis, etc.

(4) For treating suppuration, vibrosis and tail-rot disease
caused by halophilic bacteria, mycoplasmosis,
psittacosis, mixed infection of bacteria and fungi, etc.
(1) For treating sensitive bacterial infection and

toxoplasma infection.

(2) For treating the infection of respiratory tract, digestive
tract and urinary tract caused by sensitive bacteria.
(3) For treating staphylococcal infection, poultry

typhoid and chicken coccidiosis.

(1) For treating pullorum typhoid and paratyphoid,
inactivating Staphylococcus aureus, mainly focusing on
dysentery, edema disease and toxic chronic diarrhea in

pigs.

(2) For inhibiting Vibrio cholerae, Staphylococcus

aureus, Pseudomonas aeruginosa.

(3) For treating bacterial and mycoplasma infection

caused by sensitive bacteria.

(1) For treating various infections caused by
penicillin-resistant Staphylococcus aureus and other

sensitive bacteria, such as pneumonia.

(2) For treating chronic respiratory disease in livestock
and poultry, infectious coryza, staphylococcosis, swine
enzootic pneumonia, streptococcosis, etc.

(3) For inhibiting mycoplasma and spirochete, and
inactivating Haemophilus parasuis, Actinobacillus
pleuropneumoniae and Pasteurella multocida.

(1) Showing a good curative effect on most diseases
caused by G”, and for treating coccidiosis combined

with sulfonamides.

(2) Showing a significant inhibition on Enterococcus.

sull, sul2, sul3, dfrA1  [19,21]

acrA, acrB, mexA, mexF, [19,21-22]
gvrA, parC, gnrA, qnrB,

qnrD, gnrS, floR, 0gxB,

qepA, cfr

ermR, ermF, ermB, [19-20]
ermX, ermT, ermY,

ermA, ermC, mphA,

mefA, ermA, [nuB,

ermG, vatB, vatE, ereA

cphA, blaPER, blaVEB, [19]
penA, blaMP, blaOA 10,

cfiA, blaTEM, blaPSE,

ampC, blaSFO, blaCMY,

(3) Improving sow immunity, treating diarrhea of piglets blaCTX-M, blaCMY2,

and Streptococcus suis infection.

(1) Inhibiting Mycobacterium tuberculosis and

Arcanobacterium pyogenes in intestine.

(2) For treating pullorum disease, and enteritis caused

by Escherichia coli, Salmonella, Riemerella

anatipestifer, etc.

(3) For treating septicemia, respiratory, gastrointestinal,
and urinary tract infections caused by sensitive bacteria.
For treating drug-resistant bacterial infections,
pseudomembranous enteritis, intestinal inflammation, etc.

For treating diarrheal diseases of livestock and poultry.

blaOXA1_blaOXA30

str, strA, strB, aadAl, [19]
aphAl, aadA, aadA2,

aadE, aadAS5, aadA9,

aadD, accC

vanA, vanB, vanC, [19,23]
vanD, vanHB
mcer-1, mer-2, mer-3, [20,24]

mcr-4, mer-5, arnA
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Table 2  Distribution of ARGs in livestock manure at large-scale farm in different regions of China

Comparison of ARGs in different

Farm location Livestock species Detected ARGs type and content livestock manures References
Liaoning Pig SRGs*>QRGs">TRGs*>MRGs® Chicken>pig>cattle [21]
province, Chicken QRGs>>SRGs>>TRGs>MRGs
Tianjin city Cattle SRGs>>QRGs>TRGs>QRGs
Tianjin city Finishing pigs TRGs>SRGs>MRGs>QRGs Chicken>sow>piglet>finishing [27]
Piglet TRGs>SRGs>MRGs>QRGs pigs>cattle
Sow SRGs>TRGs>MRGs>QRGs (pig manure has higher QRGs than
chicken manure and cow manure)
Chicken SRGs>TRGs>MRGs>QRGs
Cattle TRGs>SRGs>MRGs>QRGs
Hebei province  Pig TRGs>MRGs>SRGs Chicken>pig [28]
Chicken MRGs>SRGs>TRGs
Taian, Shandong Pig TRGs>SRGs>MRGs>QRGs Chicken>pig>cattle [29]
provice Chicken SRGs>>TRGs>MRGs>QRGs
Cattle TRGs>>SRGs>MRGs>QRGs
Hangzhou, Pig TRGs>>SRGs Duck>chicken>pig [12]
Zhejiang provice Chicken TRGs>SRGs
Duck SRGs>TRGs
Yunnan province Pig TRGs>SRGs>MRGs>QRGs Chicken>pig>cattle [23]
Chicken SRGs>TRGs>MRGs>QRGs
Cattle TRGs>SRGs>MRGs>QRGs
Hexi, Heshan, Sow QRGs>TRGs>MRGs>SRGs Piglet>boar>sow [30]
Guangdong Boar TRGs>QRGs>MRGs>SRGs
province Piglet QRGs>TRGs>MRGs>SRGs
Hedong, Heshan, Sow TRGs>QRGs>MRGs>SRGs Sow>boar>piglet [30]
Guangdong Boar TRGs>QRGs>MRGs>SRGs
province Piglet TRGs>QRGs>MRGs>SRGs
Kaiping, Sow TRGs>MRGs>QRGs>SRGs Boar>sow>piglet [30]
Guangdong Boar TRGs>QRGs>MRGs>SRGs
province Piglet TRGs>QRGs>MRGs>SRGs

a: SRGs, sulfonamides resistance genes; b: QRGs, quinolones resistance genes; c: TRGs, tetracyclines resistance genes; d:
MRGs, macrolides resistance genes.

KEBFEMD ARGs WARMEEBAE—E  PUERBHFEINEN, BafFmsigE. <
25D, XA FUERM . B BT AREN,

AR AT R WL, TR &
xR h B
[ ARGs HU4MTFE HIFE . ARGs H4F 5 EHRET ARGs 2 M E &

Aii 5z Z R N R IL R0, BEALTE & & SR A Al 2E | Bk, AR XA [ D2 & 8 ZefE b
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M N IRE TR G X ZEME R ARGs [ITH AL
R RN, WA MR R IA R Z5 A, 10 Sun
SN B A 2 AR AL ARG T D8R
e T il AT AL, X MGEs {HIBECR A
TR &%, Huang 2L B B IR %
S 2R AL RS ARGs HITHIRLRE . iR
XA L 2R 55 ARGs T8 85 RE S i il AN —
Bk, ATRE SMAEY R L AR A e TR R
16)LL K MGEs Fl HGT #7518 b4k, Chen
SO E B, IRETHATH I R BT
P S PR R U R 2R 0 5 TR A ek A P R
TR Tien ZUVR B, 426 19 ARGs (U sull .
ermF . ermB . blaoxa-20. aadA)¥s & 1E KA IH
fb)a BT S XA RE S IR AN L RGN
ARGs 15 E A B KGR HEA Ko

H AT L, B — R PRAETH AL T. 2% ARGs
PITHIRACR A BR, JCikA Sl mk . AT
% MGEs Mgy 5", Wik, bR A
HIL RSB TT306E, SRS ARGs B THIK
R, WAWFSE ARGs #il MGEs 16 K &1 1k i3
s RN ORISR/ ) I IR o o= S N = R R B L
W, HNEE LTS RR IR AL BT IR A Ak BRI 4
RCH
4.2.2 MAERWIKREEK ARGs iHB M BE

DK AR . PR . S LA B O Y
Al DLE T RE | S HOVE R, RN A L
PR AT AR, 0] L — 2 % ARGs
EREVFL Lin ZUOT% BLRR WAL BR AR A5 5 AL
FEPRENGE ARGs BIHBACE . — i, BRI
b FRA ) TR e ST AR R, A e 2k
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ARB WAERK N indl 35T E; J—JH,
i P 45 1A R 8 e e b A 3R A T ()RS e T
"I &4, I8 ARGs 16 FH 4K, 7k
WRRMGILFEERT, B WA 5 5 R A% T
WAEPREZE ARGs I, AiEt—HREH
PR A a7 HEAl . B R T8 (67 °C, 1 h)
TAL XS B & 2 IR ATHAL R G sull T sul2
OIS AT — R PO A B, LT s A 0 AR v
T 5%A1 10%", (HE AR E WAL FEX] ARGs
(s AL TE LR AT FRIR A IE . 4Rk, U
25V il R (free nitrous acid, FNA)TAL P A
Ik e U EZ A ORI L s NSl e e
A5 VR AL H sk e 7 W, RS
W ASERAE Ry —Fh A BT, X S 0 KT 4
ARV BERATBOK IS ARB Fl ARGs . MGEs
MVETERE 1R . Fl BFFE R, FNA kb #
XTHLANR AW . B R AR RS T A
AR B8 IR FNA T4k 31 AT LA RRAR 3t
R Ye s, PR/ ARGs BUESRPER 1. it
A, AR FNA AT LCAR 21 B ok 5, fiil
ARGs FEHEER . ERBFSE R, FNA Hi
Wb FRTE— AR I RES AR R A A S IR A AL
FeH e RRE [ B R AR ARB KCOE DL K
ARGs il MGEs F- & , MGEs = Ji iRt b 45
Hil ARGs PYFEHREHLOL T ARE, ik, AR
i 5 IV i T 19 A B A4 v 7 A S R AU Ak
T. 2. ARGs MyiHskhe, AR RG i Tk
BTSN ARGs (58 AL T WML A 75 1 — 2

W% .
4.2.3 RMFERCK S E ARGs JEHR R EE

S A HENEARARL, TR [ AL AT LAk IR
AL R G L BEARE RN ARGs THIBEICR),
PRAEHA R G w R Es e 3= 24 Ak
(GS)P | nzZVIBURIE PR % . Hdh, GS K.
AR IR FLBR A, FT DAER A R 8 £ a5

BNHEY DR S v, Y TR0
A A S0 /> ARGs [ HGT, T [#IX T ARGs
ERENLS, i H GS BIEINBERINH MGEs
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TEUAN 10 g/L GS WIKATHR G, dfrAT.
sul2 . tetW . ermF F1 ermQ IR LR
24.81%-90.48%, MGEs (ISCR1)A T Jsi 5% o
JEEA 95.4%05%) Ma BB KL, nZVI
BTN AT LA 3 K3 ARGs 18 ¥, AR
KAL) ARGs Fl MGEs (Tn916/1545)3 Vi
BHE, X5 nZVI sRALIF A HENE ARGs {1 1AL RE
AIMLHIZEL . Zhang 207X HE T DNA il . KR
A FMAER 3 R E R IR AN ks T
RUBERISZIR , BFSEERIT, MR R AR b A R
REMRAL IR E L RS ARGs HUTHIRRCE, $#5
RAHK 33.3%F1 138.5%, {H DNA g A1
TRAEMIERG ARGs BT BALAE . ZWF5TIN
SR TS TR 5 | ) Tl 2 0 T i A8 R B 4 SR
FEHIKF 52 ARGs 28 fL A £ %[N % . Zhang
GO MR X R 2R AL R ARGs
AL RE IR, R PR 32 B R AT
I ARGs F 2, [HXTIRATH L)
ARGs F£EMEmIFARE, B, ERAH
ARG EBRE T, W AR ST AR H bR
ARGs T IBUSCHR B #5351 WS e Ak B
4.2.4 REHHEWK
AREFPEASERS, E—-ERE L
Bl T PR ARTH AL R G R AR, I, 1E
BERMERAHERGE TSI AKRA LK. 2
Rok it 1) 0 A IS P T A G2 i IR AT AL R G B 97
AR, 3E S TR IRV A, R R
AL BE AT ARGs TH IR, Song 250 R}
TR 5 /N ERE AR ) B L A DR AT
bR G ARGs & MU EYREE 250, WF5T
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