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Epidemic situation of zoonotic bacterial diseases and strategies for
combating antibiotic-resistant bacteria
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Abstract: Zoonotic diseases, caused by the same pathogen and naturally transmitted between
humans and vertebrate animals, have become a major global issue that urgently needs to be
addressed. Currently, zoonotic diseases account for 60% of globally emerging and existing
infectious diseases. The zoonotic diseases caused by Brucella, Mycobacterium bovis, Bacillus
anthracis, Streptococcus suis serotype 2, Salmonella, and Klebsiella pneumoniae pose serious
threats to the healthy development of animal husbandry, public health, and national biosafety.
The situation for prevention and management of these diseases is getting increasingly severe.
This article reviews the current prevalence of zoonotic bacterial diseases caused by the six
pathogens mentioned above, as well as their antibiotic resistance mechanisms and novel
antibacterial strategies, serving as a reference for the prevention and control of these diseases.
Keywords: zoonotic bacteria; epidemiological characteristics; mechanism of antibiotic
resistance; therapeutic strategies
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EDR LG 28 sh e . BT, IR AE 4Rk
170 24~ FEZF AKX Y LRI T, BFER
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PEHR N 1.0%, 2010-2018 4EM ] F T+ 3.2%!°,
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A BT R B - S5 % B WOAH. 41|
R EIRER . RERAZEAZIR P LA 5%-10%
A 151 R R A R B 5 R Pt 2019 4
EERA 14 T NG A Sy RO T T 5 R B 3 i
58, 23 114 TS Rk RIS B
A3 AT R I FE R 0.5%—7.2%, KR H E %
ME 10%P), 2 S5 4200 1A A 7 2 BB 8 0 b IXC
250, FEE X LK B HL B 45 SR A 5%
o3 KR E K B T K el il 4 2500, ik
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R LU ) A= S5 42 R ik 3] 45% M T E K
RAF G E R G N 14.44%, 2011 4FEE])
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AYRERFI TFEN=y 336 0z P4 748 25 5 R 36 1A
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chinacde.cn) ¥4 W~ , T A K JH &R R AE
20182020 4E4 fIr R, HATE 2021 48 30K i gt
5 fE 2023-2024 AFHAE], AR ARG RIH
915 1] o JEYH R B AR A9 5o s [ L X (29 %)
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TR E S, A 3-6 T k3hst
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Figure 1 Mechanisms of bacterial resistance to antibiotics. 1: Antibiotic-degrading enzymes act on antibiotics,
causing hydrolysis and inactivation of the functional groups of the antibiotic; 2: Antibiotic-modifying
enzymes transfer chemical groups to antibiotics, preventing binding of the antibiotic to its target and
rendering them ineffective; 3: Target alteration and modification through gene mutations or enzymatic
alterations of the binding sites, reducing its ability to bind the antibiotics; 4: Target-protecting protein binds
to the target, protecting it from the inhibitory effects of antibiotics; 5: Target bypass is a new protein that is
not inhibited by antibiotics, which acts as a target, preventing the original target from being bound by
antibiotics and rendering them ineffective; 6: Active efflux pump promotes the elimination of antibiotics
from bacteria to reduce their internal concentration in bacteria; 7: Changes in membrane structure, such as
downregulation of porin expression, leading to decreased membrane permeability and intracellular transport,
and reduced antibiotic concentration in bacteria; 8: Bacteria secrete polysaccharides, proteins, and extracellular
DNA to form biofilms, which prevent antibiotics from penetrating the biofilm and killing bacteria.

22,1 MERKESEM R TSI, I KPC (A 25)F1 NDM (B )

VEZ AW R 2 Ve B UL R P2 T, REREKMR TS R R . kA R Rk
P I S, BIPUAE R SRR s ISP R, iR R Wl A B A Y
i, SECLTRREAC, AR, KP Xk &M Bk, TEREEIRE T R T D s
KIAERMM G MEESBNEE NI, W™ KB 25, 40 ant(4)-1b, aph(6)-la.
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MR e B Mg B A% 1T IR % 1% 1 A2 1 2 3 1 2R
259, T S PR 2 R R Y S A o0
SRR T8 A Zh ) B A TR TR 43 B AR B BTK R
LI 20, il B 2 o3 A e B R LA
G ARS8 3 - IR L RS I 0 P oK R AL 24
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AR A B S H6 PT RE- B0 T 22 Y 24 1T
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PN A A A 7 R HEBR . B, AN R
microcin 47 AT DL 35 0 SO T K A B AN
oI ER T 9 fi e 0
3.3 BEEF

s DA AR S — S B8 R S5 P B I A 240
W EE . B E LB R 2R, AL DNA
o, RNA B0 a0 N, I 40 P 1 95 2 1 B
B, RIS SN TR AN 24 AR R B AT
A 100 ZAEM L, 2 BATRA A B UG
T A ) B A0 TR R G 1 — IR YT O iR e
T, B 2030 4, WETEAKST T Rk 1 2 5%
R 17%, 5B RAEZY 8 400 1 €701,
A FE B AE Sy — A By, R B AE R
HIT WA R &KIE 60 d, AR T
T K LR B AR N MR RO , B AR S
TRITVE IO T AR A R S, N
s TR AR E A7 I R YA 7 22 R FH WG O A X8 2 Tl 97
oo AN, 5 1] Jife i 43 AR 7T (Mycobacterium
abscessus) 1 3 FfAN [F] 4 S 1 i P AR i) v 2 1S

p
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Figure 2 Alternative antibacterial strategies. 1: Antimicrobial peptides and their membrane permeability
mechanisms: barrel stave, carpet model, and toroidal pore; 2: Bacteriocins and their mechanism of action: inhibit
peptidoglycan synthesis and damage cell membranes; 3: Phages and their lytic cycle: phages reorganize and
penetrate host bacteria, replicate and assemble their own progeny in bacteria, and finally release the phage
progeny with the help of holin and endolysin; 4: Therapeutic antibodies: antibacterial monoclonal antibodies
target bacterial surfaces or neutralize bacterial toxins, or antibody-antibiotic conjugates enhance intracellular
phagocytic killing effects; 5: Microbiota and its mechanism of action: commensal microbes form a biological
barrier and maintain intestinal mucosal stability, inhibiting pathogens by secreting antibacterial agents or
competing for nutrients, while stimulating natural immune cells to enhance immune function; 6: Antisense
oligonucleotides (ASOs) and their mechanism of action: ASOs activate ribonuclease RNaseH to degrade RNA or
inhibit protein translation by preventing mRNA from interacting with ribosomes.
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I ¥k AT LUAT 005 e M 2 AL B8 B R I IR E
R, HBA AR REIERTY, BT, FH
SN TRESARMAN TR RS, SUEmE g
Z R 4h 4 5 H (receptor-binding protein, RBP),
AT LARE S 9% IS 2 7 1 1655 20 TR 2545 R SR G TR
A, PRIE i O AT A 1) o o D T A R [ TR
Wik T A1

SR, FRECT R AE BT, WA 12
T R AR A0 R B AR Gt . F e 352 A
Gy A U PAAT 2 R A Wk TR 1A 7k Y 2 A 3P,
i) RBP it sl bR 28 5y e AR DU R AL i A
PRI AT 1) SR A P e T AN R 9 A B 5 e A
AR R R, BT TR I v
[k R R ¢ o) =7 N VAR £ A LI i)
AREZBA N | KRN R sl i | W A
VAR P i 3 e J3E AR ) e S5 ) A
3.4 GRTTIEHUE

PUARRE RS LI o i e R 1 5 0 5 5 LB bR
®AL, JEAl RISEAETE Ry, HREAE
AL IR P A R A ROE
dh?. MEDI3902 J&—FuURE ek, AT [H]
I ) AR SRR SRR Psl RIANE I AUAMI0 R
G5, ST X A AR L R A R TR B R
SRIXFIRUR? S PEHTAARTE 11 3 I PR 2 Hh A hy B
— YR BEB B H R B S, BRI
EXAMRIE LR, RAEA DR P R L AR
AR R S8 32 4 T2 R B e N R R D
¥ Stx1 F1 Stx2 FHLAR T fRA7 /)N BB ™ B
R RIGFF RGN SR BIEAF R PR, &2
ST AT SR IR B 2 B PR At v 1)
un, ik Raxibacumab Fl Obiltoxaximab FfF i
B3 FIG 7 BT T 5| K B APESRIE, A LAA
RO s wE R BT RCY S prik-Pid: R 8
P2yt 2 H AT K BT T 25 22—, 9L
RGP T RICAR , SRR 25 W) 1) 5|

TR YN TR R, R A 1 4 B AT
] = R B 2504, FlAE 24 dmDNA31
550 1] 2 PR W RE IR I BUAR 1gG 1 REX, Y2kt
AWUAR TS IE LA R -BUIR-25 ) 50, wirs £ 47
I 2 7 W5 I 7 A s s B AR BRI 24 W, 1 i
Xof 4 v 0,7 25 BR T 1 A P/ Y

HET, WIRPIEPUA T L4 x5 AW
B E B i 3 e D RE LA BRI A o 17 2 81Xt
HRLRABPA PR . ARAEAT PR AR MERR B (Clostridium
difficile) Pt iA IE AL T I PR & B9 AS R B B o 4n
ARAT PRSP EEARAL | BEAR AR 7 BUAS FIGE A i ot
AR R BRI T 12O R IR R -
3.5 HEEITIE

Wi 2L 3 W i A A A el B T R A
W, WU FF # e (Bifidobacterium) . FLAT &
(Lactobacillus) . %K % J& (Streptococcus) . 14T
% J& (Bacteroides) . 12 [# J& (Clostridiodes) . #2+F
14 J& (Fusobacterium) 4 2 17 i 7 & P — 28 32
LB HUAE ZIRIT R 1A R i 24 T Y [n) A
R S PEL N TE TR B AL, PR R 2 R Y
AR IR B RIS . @t N T U E
TR SR YA 7 RIS 977 5 i T R R B A R IR YT Y
BRI ®RZ— AW TRy ZMiniE
o SR | K B I, B TR L R
SER BRI |1 M2 7 (Heli cobacter pylori)®), 25
AETRNRITTEZ 2y H ey AE R AR, W
FABFLHAEIARYT (fecal transplant treatment, FTT)#{
B 1697 40 v I g sl CH A 7 e 8 W 1 R
RV EICT, BT, 24 FTT IRIT &
TR MR TR SRR B TR R A 90%°71,
% B & 52y 5 B 48 B R (Food and Drug
Administration, FDA)CHELHEREH FTT i6J7 X0
WP IR TG ROV AR MERR TR YL 4 . FTT TEIEER
Z B AT AR, W KIAAF T VDT TR
fili R e B AR QT . MRSA DL 71 B Z M ER
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(vancomycin-resistant Enterococci)& 1 i 7~ i K
IR, MR, WMiBREES ZMAS R E
PR 2 HE A AE I, 491 4 B T el A 0 T ot
“Ji - Bt gt T ORI R G SR, IR
T AT I G R AR A, U M T T A A R
R HACE =Y, e IR B BE B e ie , o8
FRIHALIR I, A7 BT il sk e i) e 52 7981,
3.6 RXEBEZEER
FSCHEPIRIT R s R B R 456 |
M) mRNA, PP BRI UE LA . A 5
TZINEZTER, 5 17 IR (antisense
oligonucleotide, ASO)Jy & —FAE I BT T
Yoo WIRRE T IR SCEERTTIR, OS2
%R T RNaseH 730 RNA & i 55 40 5 5 e 25
B PSR S W DR N2 | e T 20 SN N ]
PN AE KA ES . 3 ASO i FH Ik 5
T 175 240 TR A/ B i PR T TR e, AR
WF5E & T X — [ PR R T — et i . 18
1B A 2R B AN ASO BB, 30 T ASO 1E%4
HEBR TR A0 BRI, X B EERR R IMTE R 2. 4. 5,
7 F1 9 RIS A R A R A HGE A
1 -DKIEE 228 (zeolite imidazole framework-8,
ZIF-Q) &t 4 = Wy K g I 5 M T 3 24 EE 11 FtsZ
HI I L ERTFR(SZ ASO)EE 4, a7 4wk
YK A1 BHGOX&HRP@ZIF-8/ASO), 11 4 25 Wi
T GOx&HRP@ZIF-8/ASO Xf KIGHF A . 4
AR . MRSA KIS MPTEERE; i
H. GOXx&HRP@ZIF-8/ASO % IR 411 B A= 4 4% I 11
AE itsm, Xt MRSA A=W ol I () 25 B R ] ik
88.2%, [FIH}, ftsZ ASO i1 i il ftsz H&[H Y &
KB E R R T HURRCR O,
HATUESEXT ASO ‘HAER0E | ZRRR LT -1k
g EAT B T LA s Fes 0y o AR AR E T A
B, AR 24 B R () R T R AR
{HFLRY PTG — 2Pk, RG4Sk

ok /L B P M 25 2 18 T

4 ANEXRBRAWRBEFRAL
EZ

FE REFNPFERT . SRR R, B
EARTE T 5 RAG Y 1 B s T VR N A R
Jo BEESERICVER NG, A B3R Y )
5% FBH P8R 7 Pk ik o L HOR X A3t
SRANTERR B 45, P2 T 2 ARG DL i Bl 2%
[P FN RS oK, A T I B AR K,
Pl Uy A G IR . 45000 . AR B
S FB A P 19 ) P A T M DX Bl R A R
B RIS 4RI . ST TAT BMH SR BT AR Sh i
TG SR s BB D R A T I A S 5. B
2R3 AN L AT AR IR RS A T A AL 5 RS HEUI
BIIRE N3 2 I T ) A G B AR RS TR 1
TR AL A amER; maRA . &,
U7 R LA i D 1T DR A £ VR s i TR Y LA
Wi Sedsh®IarE e s A= I, g
BB ERIIRIA R A E RS YRE 25
FOAE AP E . TR AAR 2G5 K Ik ) B it 4% e
TACEE . U] T 455 B/ BT 25 5L 5 o
fF . T2 EAR SRRE . AR, R R AL
VLN SR 5 TR AR 7 2l 51 5 T B BT 1 B
DR AR ATL R, 4 T A AT A 2 g 22 AL
Wi, IFET1E EEVLESITZhaE . 2N
FIIRIT 29, WKL 25 ) FNEUR R AR e 1t
YA N B iR N AL B 2 R
A 200 BT 114 T S5 S B, O i T A R A I
TR T AR T R Sk v A i

B2, N SRR R — AR, A
— (@R AT, LA IR A B T
Bols, MIRATI AR . R AL RE LA . T 24
YRR A S WS, 78R
N TR e A A FEHARRET R . 209
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