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Abstract: [Background] Klebsiella pneumoniae is a zoonotic opportunistic pathogen, which
can cause infections in many animals and is difficult to be controlled. [Objective] To
investigate the existence of pathogenic bacteria in a rhinoceros domestication farm. [Methods]
Bacteria isolation and identification, drug resistance and drug resistance genes, virulence gene
screening, and pathogenicity test in mice were performed on six samples of rhinoceros feces
randomly collected. [Results] One Klebsiella pneumoniae strain was isolated, with the isolation
rate of 16.67%. The isolate was resistant to six antibiotics, including doxycycline, polymyxin B
and bacitracin, and carried six resistance genes and six virulence genes (kfuBC, fimH, ureA,
uge, wabG, and wcaG). In the pathogenicity test, the strain suspension of 1x10'® CFU/mL led to
a mortality rate as high as 80% in mice and lesions appeared in the liver, lung, and small
intestine tissues of dead mice. [Conclusion] The K. pneumoniae strain isolated from the
rhinoceros domestication farm had strong drug resistance, a low combination rate of drug
resistance gene and drug resistance phenotype, and a complex drug resistance mechanism. The
results of virulence gene prediction were in good agreement with the results of pathogenicity
test. The data could provide reference for the prevention and control of K. pneumoniae infection
in domestication farms.
Klebsiella pneumoniae; isolation and identification; biological characteristics;
resistance mechanism
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Wt B A S N IR R BB L R G
A, BAERZ . BRI E M ER
FeRh 2 eshy, I |t fERESSE S UL A
TFRFE AT, T R S A X 3R
ZhY) LSRN B R AE — RE BT AE B , I
Fr b i A o A Y B 1R DU A A AR N
B AWEGE B AR A R A YN I7 70 D TR A A 1
O, WPRAEHBRA ST AR 0 M E | 25
PR 5 T 28 R DR L sy Bos PR 5 2
BRI SERT ST, LU N IZ TR S 5 T A A T
B T AR R B R SIS i H

P

1.1 #&

PN Aoy PR A ZEAE A Al R AR T R 2R AL T
. PEEECT B BHAE TP IRBUT bR id 5 B T
—50 °CHR% . A B B/ B (Kunming mice, KM)
W A R BB R 2 52 30 sl ) b s (SR B s A 3
A2 W5l YNASVI01-2024001).,

1.2 EFHE. TERFTIRNE

LB Eilgii 3R 5k . LB Wizt gk | 4 il a
RIGFRHR SS Bifg e aR 5, | ARSI A YRt
BABRAF; T I 5ERIEsR AL B 100 mL &
LB HiE 375 90 mL, W41l 10 mL. AT
PN B A Al R SR e ialR &, )
RAYHEDRHCABRA A ik R 204K,
BUHEFAGA P RAA R w5 2xSan Tag PCR
Mix, T4 TR BB AEBRA A, A
S DNA $2BUA &, RARAE R )
HIRAF . PCR P44, Applied Biosystems 2
Al BERCUREAMY, R R RERHE A BRA A 5
BV, bRt s— YR A A H
1.3 SEEESHIE

{1 FH K BEEERN IR 20 T HREC 6 oy R A7 2 (A

AR AN T I SR IR AL, 37 oClERLE
FEA R B REFE 24 ho BREUEEL R VA T 15 7 J130
BRE SR BLAL G R T , W iR SR R 43 i 2k
RT3 3R . ZREPIIE . SS Biis I LB
BUIRRE AL, 37 cCHEIRBEFARTFR 24 h J5WgE
YR AR RORES , B RYa J5 T Bide F AR TR
WIEASRHE . SR B T 50% H i il 3 4
=20 °CHRAF75 H o
14 HEEMENEE

3 5 DA AR 4l B 55 0 4 B A R R A 1 A Ak
B S UL i T Al S
1.5 SEE 16S rRNA EFLFE

KN LR 240 DNA $EBGR 5 £ By 5
PRI VRFE R 4 DNA, # R 12 2R 250 T 9k 617 168
rRNA JE[H ) PCR 4738 | WP fiPFz. 3545 16S
rRNA R 7 5iE i BLAST #Ef7Hexs, KA
MEGA 11.0 #R #% &% K 1 & ¥ (maximum
likelihood method)#4 i R 48 & B .
1.6 SHEEEKMZEONE

W B ARG R R T LB RS SR
e, 37°C. 150 v/min HATY HEIGFE, B 10 uL 3%
FRWHAER 2R ) — 3 LB WZEH, 37 °C. 150 r/min
Brg%, BRI 1 h B RIE 5T A bR A
15 L ODgoo 1H o AR Fri5 & 3 > E 2 40 I HF
Y&, I GraphPad Prism 10.0 4K {4 AR ] Ky
WARFR, DL ODgoo (H AR, 2l 4 B 1A K
HIES
1.7 S BEEZYEU RN

K K-B {2005 3 25 R PR 19 245 W Sk
it G TR A= BRER AR 35 95 5L Al 200 T il
B AR T, BT FH K B B B X S0 i A e B
BRFRAE, IR Bw £ K2 19 FidiE R
Y ORAUN TR R AR, 37 °ClEER: FRAH 5]
B IR RS X A ST I IS e B S I RN
S50 2 A v P 2 24 BIOH S R o S A3 S TR PR R
ENEIEST/E0E: €
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1.8 ffid e ERE 1% khe ZEE &N
VRN 5 L E AA TR A e S BE IR, khe 2 A

AT FH T SE LM 2 v 1 BT ARG 22 5 o AR 2R

AEOIE g & U 58 ve TR A RS S0 khe &K 51

Yy, FHREEITIEX S B Wbk T PCR BRI,

PRI 1. 5% R M URE AR L DK AGE

1.9 Fik % HAEZEEMDFREN
BRI 7 Rh 58 vE B AT

PCR J7 7% 43 B8 DA RREA T 5 B il 375 B ke, ™
W2t 1.5%35 i W U5 FC PR K A DU
1.10 5 55 25 5 FH 4

2 BASCHR[21-23] 8 Bk 1.7 35 2588056 16 1
LR IHUAERIEA BILAXT R ) 16 Fii 253
1913 1), HeBRH PCR P48 45 (46 43 B T bk 1E
FrTi 24 JE DG, 7= 221 . 5% B N AR i L KA
W, B 51 R A TR () A IRAF

UL RS 1), e B A R AR A

x1 WHERIIMER

Table 1 Primer information for drug resistance genes

i 245 R PR 2 53 e Gk 2] TR
Types of resistance gene Gene Sequence of primers (5'—3") Product size (bp)
B- PN B SS ampC F: TTCTATCAAMACTGGCARCC 550
B-lactams R: CCYTTTTATGTACCCAYGA
blargm F: CATTTCCGTGTCGCCCTTATTC 800
R: CGTTCATCCATAGTTGCCTGAC
blagyy F: AGCCGCTTGAGCAAATTAAAC 713
R: ATCCCGCAGATAAATCACCAC
blakpc F: CGTCTAGTTCTGCTGTCTTG 798
R: CTTGTCATCCTTGTTAGGCG
PUFRER K tetB F: TTGGTTAGGGGCAAGTTTTG 659
Tetracyclines R: GTAATGGGCCAATAACACCG
AERR cmlA F: GAAAAGAGTACTCAACCAAATA 699
Chloramphenicols R: AGTAACGGTACTTAAATTGTTTAC
catl F: AGTTGCTCAATGTACCTATAACC 740
R: TTGTAATTCATTAAGCATTCTGCC
EZ s phoQ F: ATACCCACAGGACGTCATCA 1597
Polymyxins R: CAGGTGTCTGACAGGGATTA
pmrB F: ACCTACGCGAAAAGATTGGC 1274
R: GATGAGGATAGCGCCCATGC
mcr-1 F: AGTCCGTTTGTTCTTGTGGC 320
R: AGATCCTTGGTCTCGGCTTG
WA i 2 gnrs F: ATGGAAACCTACAATCATAC 492
Quinolones R: AAAAACACCTCGACTTAAGT
OgXA F: CTCGGCGCGATGATGCT 393
R: CCACTCTTCACGGGAGACGA
EER AR nfsB F: CCCGCTAAATCTTCAACCTG 913
Nitrofurans R: AAAAGAGTGCGTCCAGGCTA
RIFNERZE ereA F: GCCGGTGCTCATGAACTTGAG 419
Macrolides R: CGACTCTATTCGATCAGAGGC
ermA F: TCTAAAAAGCATGTAAAAGAA 645
R: CTTCGATAGTTTATTAATATTAGT
ermB F: ATTGGAACAGGTAAAGGGC 442
R: GAACATCTGTGGTATGGCG
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1L.11 HEESHERE

Z M SCHR[24]/ PCR ik 0 o B B R A 7
TS BEREI , P2 1.5%B N0 EE I Tk A
M. ERASIYEE 2)mEEmAY TR
AR FE
1.12 BRI R E

W 20 HUNEBENLS A 1 X5 BRZH N 3 A5
W, WS 5 Ho SCd /NI s G
1x10%, 1x10°, 1x10" CFU/mL W@k, FEH5E
S 1 mL/ X R s v 5 45 o G T A R
Ko SHPMCTEHAT/ RS, 12 h WE/N
RS MRS FIE T A5 B0, XFFE TN R A7 B A 73]
RS IE o B AN TR A T % 0, ORI | i e Fn iz
HAE T 4% BT EEY, DL HIVER IR

*2 BHEAIMER

Table 2 Primer information for virulence genes

IR o B0 96 hm, SRFSUED FIL AL TER] 4
ANEITBEA TR R R A

2 HER5450
21 HEERSETR B

M6 U FERERE dh R 0 B 21— BR AR SR A
WEELEIR, 2P BIERN 16.67%. ZERAET) 5
JIHUR. SS. LB HiFrE: BAER R IDEH | L
GRRST | B — K A BRI R T 2R
Bigrdk BAE RO RIEDEH GBS RSN —
(5L B WRIR B PR s 5 22 BRPLAT LB S5 57
B b RIS T KT X5 SIBUI A SS Ji g3,
RN FHBIR RS REAENE 1), F22
R @B W AE S 0 2L G (K 2).

EVIE ISP ekl S/ P NUN

Types of virulence gene Sequence of primers (5'—3') Product size (bp)

rmpA F: ACTGGGCTACCTCTGCTTCA 516
R: CTTGCATGAGCCATCTTTCA

alls F: CCGTTAGGCAATCCAGAC 1090
R: TCTGATTTA(A/T)CCCACATT

kfuBC F: GAAGTGACGCTGTTTCTGGC 797
R: TTTCGTGTGGCCAGTGACTC

ybtA F: ATGACGGAGTCACCGCAAAC 960
R: TTACATCACGCGTTTAAAGG

iucB F: ATGTCTAAGGCAAACATCGT 948
R: TTACAGACCGACCTCCGTGA

iroNB F: GGCTACTGATACTTGACTATTC 992
R: CAGGATACAATAGCCCATAG

fimH F: GCTCTGGCCGATAC(C/T)AC(C/G)ACGG 423
R: GC(G/A)(A/T)A(G/A)TAACG(T/C)GCCTGGAACGG

ureA F: GCTGACTTAAGAGAACGTTATG 337
R: GATCATGGCGCTACCT(C/T)A

uge F: GATCATCCGGTCTCCCTGTA 534
R: TCTTCACGCCTTCCTTCACT

wabG F: CGGACTGGCAGATCCATATC 683
R: ACCATCGGCCATTTGATAGA

wcaG F: GGTTGGKTCAGCAATCGTA 169

R: ACTATTCCGCCAACTTTTGC
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1 SBEERESHIE A SR B ZHIIBE. C: SSHUE. D: LB Kl
Morphological characteristics of the isolated strain. A: Chocolate agar. B: MacConkey agar. C: SS

Figure 1
agar. D: LB agar.

R T T

2 NEERMEZREEERERA000x)
Figure 2 Gram’s stain microscopic results of
isolated strain (1 000x%).

22 SEBEEEUEELR
IrE RS E AR R IR BE A
WL FUBE . R0 CHERRE . R EEOK .

x3 SPBEEREUHEEEER

MR 55, Bifb . BRI g 2 M VP
R P AT IERRE: . IRE RIS 2 FHEGE 3),
it 9 T A B AR AR E— 2, W S 1R
R A il 2 S A B
23 S EE 16SrRNA EFLTELER
ATEST 16S rRNA JER 4515 11 500,
560, 750 bp iX 3 2K HW H B, HWiIZE R —3,
WF 25 RPHE G 8— 42K N 1 466 bp 15
. RELBEWBRE 3), S EEESHR
AT (Klebsiella pneumoniae) E4: e REdkIR, it
FR—4332; 5 E AR (Klebsiela aerogenes) .
PR VLR AR (Klebsidla oxytoca)ih TSRl 3,
W, /B WEKREE AR ENE, Wwah
YN-KPP-2023 (GenBank %5755 OR674184).

Table 3 Results of biochemical characterization of the isolated strain

i H Item

ZzE 3 Result

H#i % % Glucose

FL B Lactose

2 ZFHE Maltose

H #2F% Mannitol

M Saccharose

H H /K Peptone water
MR test

VP test

P AR R Simon’s citrate
#ifb & Hydrogen sulfide
JRE Urea

£ [E{ABIE Semisolid agar

+

+ + + +

+o PR - Bt

+: Positive; —: Negative.
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100T3l Klebsiella aerogenes strain HNHF1 (CP047669)

0.10

B3 ETHBEE 16S rRNA EEFIFIHENRELEN

4 4] Klebsiella pneumoniae strain WSHvKP9 (CP054063)

| Kiebsiella oxytoca strain LE-1 (MT032493)

Klebsiella oxytoca strain sch19 (1X294876)

SRS NAHSCE PR GenBank £ 5k

T 30 ERUT N bootstrap SRR FRR0.10 DS ZE R 7 SR JE

Figure 3 Phylogenetic tree constructed based on the 16S rRNA gene sequence of isolated strains. The serial
number in parentheses is the GenBank accession number of the relevant strain; the number on the branching
point is the support rate of bootstrap; Bar=0.10 is nucleotide divergence.

24 MRREHRBEHRFME khe EEFEN
ZR

I3 B MREE A% khe JE[A PCR 4735 i — 4%
KRNI 430 bp B HB9AAH, Sl e F A T
Sk khe JEDN 2841 R/ —B(18 4).

bp M 1 2 bp

2 000

1 000
750

500

250
100

430

B 4 HEE khe £F PCR 4R M:
DL2000 DNA Marker; 1: 4;@§#bk; 2: BT HR
Figure 4 PCR amplification of the khe gene of the

isolated strain. M: DL2000 DNA Marker; 1: Isolated
strain; 2: Negative control.

25 FiREBHEERLERELEEER
O3 B TR ARA S 8 i 9% v TRAATR Y 7 Rl
D FERR M 5 Y& S), T RE 43 LA S R ot 5 7R
26 NEEHEKMZNESER
SRR E SRR, 0-1 hix
B RRAL T A KR 22, 2 1 h g e A B0 Ky,
2516 h Jg E AR A E (A 6),

bp M L .2 3. 4.5 6.

2000

1 000
750

500

250
100

5 HEEMERE K MEE PCR ¥4
M: DL2000 DNA Marker; 1-6: K1. K2, K5,
K20, K54, K57 &= 7. BHM:XT IR

Figure 5 PCR amplification results of isolated strain
capsule K serotype. M: DL2000 DNA Marker; 1-6:
K1, K2, K5, K20, K54 and K57; 7: Negative control.
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20 r
1.8
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14
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1.0 |
0.8
0.6
04
02
0.0

OD, 600

1 1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)

6 SEEMKRIEICHZ

Figure 6 Growth curve of the isolated strain.

2.7 NEEAYERMEENER
PR ZE IR BN, IR RN Sk AENS |

SeAIARE | ST | ZRPEMEE 9 Rl R

J&; XTRIZEPERR . DURER . LB R M EH

4 PR P EHURG YRR 2R R B
x4 HYPRBEER

Table 4 Results of drug susceptibility testing

AR RS 6 FhiAE RN (R 4).
28 NEEMAERGNLER

WK 7 J7s, 16 Fii 25 BL RGN 45 3R B
LR blagyy. phoQ. pmrB. ogxA. nfsB.
ermB iX 6 FPMNZEEIA, AL HAY 10 P2 5E0H
29 NEBEESHEERRMNER

PR 11 Fhig Sy 5L PCR Rl 45 SR R
JeAG H kfuBC . fimH | ureA . uge. wabG F1 wcaG
X6 FhEE R, Sl WS — H /NS
B, RRIN A 5 R S (T 8),
210 SHEEDRBFEREER

SEAH/NER I 4 h 5 RPLAG A ZERE |
BB, WA, 12 h PR RAEET, A
[Fi] 551 £t 2H 4% ) 1B] s/ B TR A 00 LKL 9. FET
/N BRUEAE J 18T D FHE R ot o, 90 53 FHE U 2 3
Rt e, BRI, 246, W E SR 480

SINLESEYEL S 28T M HAz TR
Types of antimicrobial agent Susceptibility paper Diameter of inhibition zone (mm) Sensitivity
B- N MRS SL7EENG Cefotaxime 28 S
B-lactams SLHURE Ceftazidime 24 S
3144 F Cephalexin 22 S
R L5 AR Amoxicillin 17 I
Z N PEAK Ampicillin 15 S
PRI i J185 % Doxycycline 9 R
Tetracyclines PUIRE Tetracycline 17 I
+ % & Oxytetracycline 18 I
ABEE FAJE % Florfenicol 14 I
Chloramphenicols B % Chloramphenicol 20 S
Z R Z7%HH & B Polymyxin B 0 R
Polypeptides #F1A Ik Bacitracin 0 R
WA I 2K Bi#vh 2 Enrofloxacin 24 S
Quinolones ZEFRIE B Levofloxacin 27 S
VLR Ciprofloxacin 24 S
T FLmR IR 2 Nitrofurans Mk IRg Mk il Furazolidone 21 S
PN DS Pl %775 & Azithromycin 0 R
Macrolides AR Erythromycin 0 R
Z' 4145 & Roxithromycin 0 R

R: MH2h; 1. hEERUE; S: MUk

R: Resistance; I: Intermediary; S: Sensitivity.
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bp M1 234567 8 91011121314151617

2 000

1 000
750
500
250
100

7 DBEMAGERE PCR #EER M.
DL2000 DNA Marker; 1-16: armC, bIaTEM, bIaSHv,

blagpc, tetB, cmlA, catl, phoQ, pmrB, mcr-1, gnrS,
0QgXA, NnfsB, ereA, ermA and ermB; 17: FAM:XT 1

Figure 7 PCR amplification results of drug
resistance genes of isolated strain. M: DL2000 DNA
Marker; 1-16: ampC, blargy, blaspy, blakec, tetB,
cmlA, catl, phoQ, pmrB, mer-1, gnrS, ogxA, nfsB,
ereA, ermA and ermB; 17: Negative control.

bp M 1 2 3 4 S5 6 9 & 9 1001112

2000

1000
750
500
250
100

8 SEBEEHMEZNER PCR FIBER M:

DL2000 DNA Marker; 1-11: rmpA. allS. kfuBC,
ybtA | iucB. iroNB. fimH, ureA. uge. wabG #l
wcaG; 12: BHEENT AR

Figure 8§ Results of PCR amplification of
virulence genes of isolated strain. M: DL2000 DNA
Marker. 1-11: rmpA, allS, kfuBC, ybtA, iucB,

iroNB, fimH, ureA, uge, wabG and wcaG; 12:
Negative control.

HOVR AR 10) iR, Franp kA ket |

HKIASPERINRIASTE , AP RASHANTE W, A
IRASTE, Makzhed, MEmosims Hasitl, nlhieg
BRIEIURE ; My BEAR EIG IR, I R/ INAS—, i
001 B G e B AL A ] L T D £ e
PRI, SO B IS TR SOy, e i TN
A e Lk, AT L AR ZLANNE s b
WE B SIEAE 8, RIBT R, e,
HEFAR, A/ DRI AR ;s T IRZH A5 T

100 ®
S sof ’
i
Z 60t A
E —— 1x10" CFU/mL
2 w0l —— 1x10° CFU/mL
5 —— 1x10®* CFU/mL
g 20 - Control group
2 I
0 " " N n
0 12 24 36 48

Time (h)
9 AEIREMSBEHRM/DRBUFHRELER
Figure 9 Results of pathogenicity test of isolated
strains with different concentrations in mice.

Small intestine

Liver Lung

¥

B 10 NERAFAE. FHBEFN/NARIEALAF MR
(HE, 200x) A: XH84H. B: 1x10® CFU/mL F4H.
C: 1x10° CFU/ML Fl#H4. D: 1x10'° CFU/mL 440
Figure 10 Histopathological observation of liver,
lung and small intestine in mice (HE, 200x). A:

Control group. B: 1x10* CFU/mL dose group. C:
1x10° CFU/mL dose group. D: 1x10'° CFU/mL dose

group.
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3 WwE5&#

fili R v EAAE T 1893 4E M Friendiander M
ERA R P i e £ i E L 2R Ay AR 3, Ay
Joftige . BRMEMEL; 3 MR GEAk,
F7 58 By 1y S G It 9% v E A AT [ i 7 A
fb. £k E R HEF IS A R A T
TR IR EAFFENG B, AW TR AR AR 3
6 1y R A ZAE AT S B 1 5%, IR 15 5]
— IR SRR, 3B H 16.67% (1/6). H
KWPFERWT, Il 48 50 B A0 B AE I R b 37
B S W) T 5 R A RE IR BR A R A1, IR W] RE S| AL IE
TGP A7 P S PO TR b 4 T H A IR I
IR 80 (i Ik . B AEA 4B A )
10 #RIG R FEEATE, B30 12.5% (10/80);
e ATV AN [7] s X R AE 1 60 1)) 1 V5 3
BrEEAAERE S P B R 3 KRR S A, 4>
BRHK 5% (3/60); BRSPS TE A HKSR R
FAER 6 FUERIN A9 LK SR RHRE i o 43
B E] 6 BRI R ST AT, /B3 100%, A
[ IR 5 I 5 SE TR AR T 4 B A —4F, FlfReY
FREE S A B B Sy B R R 3 A B
TR o XA 43 85 10 il 98 50 B8 A1 B 647
S0 == AH A 5T A M 9007 R0 % 1 &
A BT o

H A P Z RGN e, A& 3
il FH 2% S MR AR R 21, DT AR I PR TG
FEROR, T LA T A R R () 25 ) AU A ) I IR
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