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Effects of Manure Application on Source and Transport of Antibiotic Resistant
Genes in Soil and Their Affecting Factors
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Abstract: With new antibiotics slowing down in development and antibiotic resistant genes (ARGs) popping up and spreading
rapidly, antibiotic resistant bacteria (ARB) and ARGs have become imminent threats to public health and a global problem
urgently calling for solution. Nowadays, the industry of livestock breeding still abuses the use of veterinary antibiotics in
concentrated feeding operation in an attempt to improve growth and control diseases. It is estimated that approximately 30%~

50% of the administered antibiotics are excreted with waste instead of being absorbed by animals. Manure is commonly used as a
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substitute for inorganic N and P fertilizers for agricultural crops, especially in organic farming. In 2013, a total of 54 000 tons of
36 antibiotics was excreted in China, 54% into the soil and 46% into the water environment. The antibiotics involved include
sulfonamides, tetracycline, fluoroquinolones, macrolides, f-lactam, etc. The ARGs contained in the ARB excreted with manure,
generated in microbes as a result of accumulation of antibiotics in soil, and multiplied with the proliferation of ARGs-containing
microbes stimulated by manure are the main sources of ARGs in the soil. Bacterial communities in manure and in soil vary
sharply in structure. The bacteria in feces can survive in soil for weeks to months, depending on soil and environment, however,
horizontal gene transfer from these bacteria to indigenous soil bacteria might rely on persistence of ARGs in soil. As one of the
largest and most diverse microbial habitats on earth, soil has been the source of most discovered ARGs, supplying ARGs to water
environment, crops, and animals and human through food chain. Once ARB and their corresponding suite of ARGs enter the soil,
water and crops, their persistence and fate depend on nature and viability status of their host bacteria and their living environment.
Both natural factors, like temperature, rainfall, time and soil type, and human factors, like content and specie of antibiotic, type
and treatment of manure, content of heavy metal and biochar addition, could affect persistence and diffusion of ARGs in soil.
However, the impacts of manure application contaminating the soil with ARGs on environmental quality and human health still
remain unclear. It is, therefore, suggested that studies should be intensified on modelling, source tracing, biogeographical
distribution, rules of ARGs transferring from sources to environmental media, measures to reduce and mechanisms of reducing
the transfer, which will help to recycle animal waste safely and control pollution of ARGs in the environment effectively.

Key words: Antibiotics; Antibiotic resistant genes (ARGs); Livestock feces; Antibiotic resistant bacteria (ARB); Natural factor;

Human factor
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Table 1 Mechanisms of antibiotic effect and resistance generation

A ZAEHHLH Mechanism of antibiotic

Yid: 2 Antibiotic class

YitEALHE Mechanism of resistance

effect

WHZEE (HHR. EHER. TEHEERF)
Tetracyclines ( tetracycline, chlortetracycline,
oxytetracycline, et al.)

subunit );

binding

RIFNBEE (AHR, BRER, HEHER,

P2 5 B (SRR 30S WIEZE A );
T ILBE-RNA (454 Inhibition of

protein synthesis ( binds 30S ribosomal

MREADE R (SRR 508 WHEZE S

AR 1 S BERITEIT (2
Y% ) Ribosomal protection protein;

Efflux pumps; Enzymatic( drug alteration )

interference in aminoacyl-tRNA

23S rRNA 45 50 R4 ; AN ; TAYTE

K% AL%E ) Macrolides ( erythromycin,

tylosin, clarithromycin, tilmicosin, etal.)

MATEERER (MTRR, whmRS)

Lincosamides( lincomycin, clindamycin, et al. )

RN ORRER . FHR, #ER. F

ARFFES ) Aminoglycosides ( gentamicin,

neomycin, streptomycin, kanamycin )

i B EE t(RNA 1975 3)) ) Inhibition of protein
synthesis ( binds 50S ribosomal subunit,

inhibition of translocation of peptidyl tRNA

I F BT AR (SR A 50S RS M
THIBAEAESE(H ) Inhibition of protein synthesis
(' binds 508 ribosomal subunit, inhibition of

peptide elongation )

MHEEBER (5B 308 WAL
KA (RNA SR 3l T3 mRNA {55
fi152HX ) Inhibition of protein synthesis ( binds
30S ribosomal subunit, inhibition of
translocation of petptidyl tRNA;

interference of reading mRNA )

H (259935 ) Methylation of 23S rRNA ;
Efflux pumps;  Enzymatic ( drug

inactivation )

rRNA B AL 2878 ; MR /R (25000 )
Methylation of rRNA; Mutation;

Enzymatic ( drug inactivation )

U B R AR AR M P 5 U A A
S LA s 7R ST (LS Reduction
of uptake or cell Permeability;  Alteration
of ribosomal binding sites; ~ Production of

aminoglycoside modifying enzymes
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Pid: 2 Antibiotic class

fid: Z/EFHALE] Mechanism of antibiotic effect

HiEALE] Mechanism of resistance

% %S Chloramphenicol

( binds 50S ribosomal subunit; inhibits eptidyl

transferase )

B-MIBENEZE (EELMRRL) (FHRK,

FRVEAR, PIECPEAK . HEPEAK . SRRRPE 45 A LTS Inhibition of cell wall

MHEATA R (SRR 508 WAES G B SUBBiuEd:; MrER (MR a2y
Wi IKMEER 1 A ) Inhibition of protein synthesis

PG ); 2848 (508 M3 ) Alteration of
membrane permeability; Enzymatic
(aceyltransferase action to inactivate drug );

Mutation ( 508 ribosomal subunit )

MRS CIRREE) S0 SHHERERE 774 p-NBILN; SULSRR ST HRY

AERAMZESR; SMEFE B -lactamases

ML SKIETS . SkTumknk . SkfafhibE . Sk (peptidoglycan ) synthesis, binds and inactivates ( drug-modifi cation enzymes );

fAMENG4E ) B-Lactams (including PBPs
cephalosporins) (penicillin, ampicillin,
amoxicillin, methoxicillin, benzacillin,

cefalexin, cefazolin, ceftadime, ceftaxime,

etal.)

Modification or reduction of affinity with

PBPs; Efflux pumps

ARSI (Rt P e | R — YA . kIR 5 R (RS ZOR MRS M 2SN TN M IR 5 Ui AL 5 i e (ufAdi 2l s %

fitf i FF 4 WA R 25 ) Sulfonamides

( sulfamethoxazole, sulfamethoxypyridine, synthesis ( competitively inhibits DHPS by

sulfadiazine, etal.)

il — SRS AL ) Inhibition of folic acid

structural analogy with p-aminobenzoic acid )

HmA (Fi &M ) New enzyme
(' mutation or mosaic dhps, high affinity with
PABA ); Insertion of nucleotides ( new

DHPS)

FMEREZE (FRNU R DHIWE . R 0H DNA ZHIFfe s (M DNA TEsemEfE SIS ; DNA TEsemiss &8 M ; 282 ( DNA

Wh . AR ES) Fluoroquinolones

( ciprofloxacin, sarafloxacin, norfloxacin, transcription ( inhibition of DNA gyrase and

ofloxacin, etal.) topoisomerase [V )

2R (T ER . LR E . WK, BRI S5 #4 F1i% M Disruption of cell

LA R B % )Polypeptides( vancomycin, membrane structure and permeability

actinomycin, bacitracin, polymyxin B, et

al.)

BTAURZE (SERER R . MR AT BORIRES IR 2 ¥ Disruption of

K A % Jonophores( monensin, nystatin, transmembrane ion concentration gradients

gramicidin A )

FMFHYMEIV ) Inhibition of DNA replication and

TR A NS EEIV ) Effl ux pumps;
DNA gyrase-binding proteins; Mutations
( DNA gyrase, topoisomerase IV )

AR 545+ Alteration of membrane

structure

FErVER C250Refe ); Mo 20 (4l
MBS HEH 254 ) Enzymatic ( drug
degradation ); Extracellular
polysaccharides ( excludes drug from cell

membrane )
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PiZh% 18 B ARGs. B-PIEEMEYS 16 Bl ARGs "™, 78
WORANE—Iibt5s Hr, WZEhAs il 127 F ARGs.,
AP 109 Ff ARGs JEZEH G 1 136 F ARG,
Hop, X3&p 19 B, 4380 3 R, HBEERA
22 Ff, =FpERAEILEAFAERA 86 MY, XKW E
BB JEE I ARGs f617E, M ARGs B
T e 5 F 5  h bAs RS SR s ) 2 R )
A
23 TEFHARERFESHMED™4E ARGs

T 22 G 3 FH S W 20 v kG s 22 e ok B 1 45
PiEZE . Guo PR TV 16 K F5 53 138
fEFESZ B, KRS N IR R, K
We Ky 54.1~5775.6 pg-kg ™', HR MM TEEZE 259
(8.4~4356 pgkg!' ). MY (32~52
ngkg ) FMIRIFNEEIZH) (0.4 ~110.5 ngkg™ ).
Pan Z5PHBE T INZR 21 RILRIEA LR, RE
AT T 126 MEEMARNPUEZRE, KA
ZRM N 84.9%~96.8%, Hith &% £ 1K vk
i, ikF) 764.4 mg-kg ', & HET M IR PO
P Z ARSI B B =R, BRI R
B R 0.9%~51.6%, Al fiie — FF s i A6 Hy
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B S A5 K VE A IRk 8, PR
BEZHEA HHE, RS, AMPiER (NEHR
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Han 2PN it FH A% 246 008 263 1o 5% ) -+ 38 i B4k
PR, B8O b A B R, R R R
ARGs FI# s 71 ( Mobile genetic elements, MGEs )
B 46.3%K ARGs 78 5 0 DL 40 B B 7%
(27.6% ). MGEs (8.9% ). THEHMIT (4.2% ).
YU HE%+ MGEs ( 1.5% ). ZH R #F 75 + 1 e A it
(1.9% ). MGEs+-EF{b P (1.4% ) FIAN A #ETS+
+- AL T+ MGEs (0.8% ) fi# % .

3 AN 3P ARGs 70 Mk

3.1 #EPEER TS ARGs 570
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Table 2 Antibiotic resistant genes (ARGs) and mobile genetic elements (MGEs) in manure applied soil

FHEORIE Locations +3EFE 5 Soil samples

JERIZEH Manure types

ARGs 5 MGEs ARGs or MGEs

2% 3CHR References

WA X3 43 Swine,

II%"4 Shandong  — 260 Fft ARGs260 ARGs [31]
poultry, and cattle manure
WA X9 3% 3% Swine,
it 1 Greenhouse tetW, tetM, tetO, sull, sul2. intll,
1144 Shandong poultry, cattle and sheep [29]
vegetable fields int12
manure
dEZ% M Chinese chives 83 F' ARGs.3 ' MGEs 83 ARGs and
JE 5T Beijing ##& Swine manure [32]
field 3MGEs
\ TR ‘
W4 Hunan #%2% Swine manure 101 ' ARGs101 ARGs [33]
Wheat/maize rotation
139 # ARGs. 6 Fl' MGEs
PUJIl4E Sichuan — ##% Swine manure [34]
139 ARGs, 6 MGEs
TLPH ., BEPE . AR [35]
tetM . tetG . tetX . ermB . ermF | blargm
Jiangxi, Shaanxi, — ¥4 2% Swine manure
intl1
Jilin
3. EoKkHL Dairy  2F3E . #52 Dairy and swine 89 #' ARGs Il MGEs 89 ARGs and
3% [# United States [36]
pasture, cornfield manure MGEs
2% United States — 4-%%¢ Dairy manure 367 Fl ARGs 367 ARGs [37]
2 43 33 Equine,
2 United States — ermF ., sull . sul2 [38]
bovine, and ovine manure
%[ United States ¢ i Wheat W43 02K Dairy wastewater — ermB. sull . tetM. intll [39]
Jin£ K Canada B Vegetable field 4-2£ Dairy manure sull | aadA . strA. strB. ermB. ermF [16]
WA | 38 193% Swine, cattle
BWAF Australia 2530 Vegetable field 185 #l' ARGs 185 ARGs [20]
and poultry manure
3% . X% Horse and chicken tetA. tetW. tetM. sull. sul2. qaqE.
PEHEA Spain P Hb Lettuce field [40]
manure TnpA. intl
42 FBZ% Cattle and swine fefB. tetC. tetE. tetG. tetH. tetZ.
#[E South Korean /KFfMi Paddy field  manure tetK, tetl, tetY . tetM, tetO, tetS, [41]
tetW , tetQ, tetT, tetP (b), tetX
R3¢ ¥43% Cattle and swine  sull, sul2, tetC. tetH, tetQ. tetS,
5 [E Germany — [42]
manure tetT, tetW, tetY ., tetZ
¥3¢ Swine manure sull , sul2, tetB, tetC, tetH, tetM,
#iit: Switzerland 443 Pasture tetO, tetQ, tetS, tetT, tetS, tetW, [42]
tetY . tetZ
sull , sul2, tetA, tetQ, tetW, intll,
B ARH) Italy — 3% Cow manure [43]
IncP-1e/trfA
. — FoR Ik P AR E M A KA Y Note: — means that no plant information available
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IR v 0 SO A ) T 85 4 BB 24 1 B ARGs Y
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Jin)

3.2 +iEF ARGs HER

W AN, Pk R A B I 2 R EA
48, FFHEH B ARGs 7EMME 3R A PSR BR
VLR AEA R T h 5685 . B H AR AR B X B
B faEE R,

ARGs EARY BOEL PR . | EHEBM
KV HH . Horh 3 7% 7 R 4R R AR A )3 ik

IR A IR o KT e R 248 [R) Fh A [) b
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HAEEAT, 0 ARGs 7658, K KA 0 5ERS 4y
B LG e PR B i AT 2 . BUPEAH TR Al ARGs fEIA SR
T RAFAE R R TE DL 1,

TR F AP RIS EE RS, -
v B AR B B P Y T LA e g 110, S e
) 240 TR 7 - 45 R A7 B ) BRSO LA B LA A
{2 58 DR DA 2 470 245 240 71 2] - 498 2 A R R KO
BESE T ARGs KIIHFFRC. 7EitE FH A% 2800
TR R L EHV ] ICE S RN F ARGs
MKFEERE N, S RERIMPI/E R ARGs £+
BIK GRS, FEETEAE F RN IncP-1 1 IncQ 1
FAFEPEEIRE, FUBL IneN Fl IncW 45 gk
¥ ARGs {EFURL AT, FORLH) Z FEVEff ARGs RERS
TEA TR A 40 B R 2 ) AT A6 85 1Y) 30 ARG
Wz, WA, BEF IR AP 5L o0
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Fig. 1 Schematic diagram of antibiotic resistant bacteria and ARGs in environment
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