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Fosfomycin resistance of hypervirulence carbapenem-resistant Klebsiella
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chang 330036, China; 2. Department of Respiratory Medicine, The First A f filiated Hospital
of Nanchang University, Nanchang 330036, China)

[Abstract] Objective To explore the clinical and epidemiological characteristics of fosfomycin (FOS)-resistant hy-
pervirulent carbapenem-resistant Klebsiella pneumoniae (hv-CRKP) strains, as well as potential molecular mecha-
nisms of FOS resistance, and provide reference for clinical anti-infection treatment decision making. Methods

Through antimicrobial susceptibility testing, non-repetitive hv-CRKP strains from a tertiary first-class hospital from
January to December 2023 were screened and collected. The clinical characteristics and antimicrobial resistance were
analyzed, and the molecular epidemiological characteristics of FOS non-susceptible hv-CRKP was studied by whole
genome sequencing. Results A total of 73 hv-CRKP strains were included in the analysis, out of which 34 strains
(46. 6%) were resistant to FOS. The incidence of diabetes mellitus in patients in the FOS non-susceptible group was
higher than that in the FOS susceptible group (P<C0. 05). There was no statistically significant difference among
other clinical characteristics. Antimicrobial susceptibility results showed that. except for tigecycline, colistin, cefta-

zidime /avibactam, and FOS, the resistance rates of hv-CRKP to other common antimicrobial agents were all >>90%.
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The detection of capsule serotypes and virulence genes showed that all hv-CRKP were Klebsiella pneumoniae car-
bapenemase (KPC)-producing ST11 strains, with the main serotypes being KL64 (47.9%) and KL25 (52.1%).
There was no statistically significant difference in distribution of hv-CRKP capsule serotype between the FOS sus-
ceptible and FOS non-susceptible groups. Resistance gene detection results showed that the carbapenem-resistance
gene blaxpc as well as FOS resistance genes fosA and fosA6 were widely presented in hv-CRKP, with only one
strain carrying the fosA3 gene detected in the FOS non-susceptible group. All 73 hv-CRKP strains carried the
Leu359Gln mutation modification in murA, and some had mutations in the transport system-related gene glpT. No
other FOS modification enzyme resistance genes were detected, such as fosA2, fosA5, fosA10, fosB, fosC, and
fosX. Conclusion hv-CRKP has a high resistance rate to FOS, Modification mutations in murA and gipT, as well
as the wide presence of FOS resistance genes fosA and fosA6 are the main mechanisms of FOS resistance in this

study. It should be noted that fosA gene may be captured by strong promoters-containing high copy plasmids, lead-

ing to FOS resistance.
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A1 PlasmidFinder i 17 i 25 3 K #1 %% 30 oo £ 09 7
B, (i Abricate F4F 3 17 i 25 3% [ F0 2 057 55 7
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B ETE DB £ bR S (T2 )RR R
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RAFBUR ORI E R 2. B3 01 o, W8

FHURA hv-CRKP £ 4311 + ICU(38. 9%0) &
P16, 6 0 FpR & AMRE (111 %) . B 55 2 E UK
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Table 1 Sources of hv-CRKP strains from two groups

R W 3R U4l WA R AR R4
(n=18) (n=55)
bR
A 12(66.7) 39(70.9)
A 6(33.3) 8(14.5)
I 00 203.7)
JHe W 0C0) 1(1.8)
STV I T T TR 0C0) 1(1.8)
S8 i 0C0) 1(1.8)
Bagl/3 7| 0¢0) 3(5.5)
Bl

ICU 7(38.9) 20(36. 3)
i 2 SR 2(11. 1) 9(16. 3)
JRPLFL 3(16. 6) 7(12.7)
ALH 2(11. 1) 4(7.2)
Ji g A 2(11. 1) 2(3.7)
HR 1(5.6) 2(3.7)
e 0C0) 2(3.7)
TH AR 1(5.6) 1(1.8)
I % o 00 2(3.7)
e S A} 0(0) 2(3.7)
2 R 0(0) 1(1.8)
3 SR 0(0) 1(1.8)
A ARk 0C0) 1(1.8)
LR 0(0) 1(1.8)

2.3 #E2ZXBER A 2 #k hv-CRKP $i7 22105
FRVE B 75 R U S o & R AR U AL & 1 bk I
hv-CRKP 5 R R B Rk 7 L, 22 e geito#
B X (P>0.05),

2.4 ReFBEHGRSIE  BRUEE R GUSA R R
DR RO R AT o R AR R (5. 620 VS
34.5% P =0.037) 40, 9 2 F 3 701k ) L A7 % L JE il
PR GO LR B 48 R G T AL R G0
JRZA BN T R G0 95 s SOV g 55D iR A
FRAE PUTA 259 2 5 L O B0 A R0 R L 8 o BE R
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Table 2 Comparison of clinical characteristics between two groups of hv-CRKP infected patients

AEELM(Pas s Prs) + % ] 70.61(62.00,85.25) 64.95(57.00,75.00) 1.68 0.093

Sty el 0]
il R s 1(5.6) 19(34.5) 4,37 0.037
LI R G 12(66. 7) 29(52.7) 1.07 0.301
LSS0 3(16.7) 17(30.9) 0.76 0.383
HILRG 211, 1) 5(9.1) 0 1. 000
WIR R G 6(33.3) 12(21.8) 0.45 0. 504
LREN 13(72.2) 38(69. 1) 0. 06 0. 802
R 3(16.7) 4(7.3) 0.51 0. 475

N ESE/E S AR TGN
T 2 9(50.0) 31(56. 4) 0.22 0. 638
BBt R 6(33.3) 27(49.1) 1.36 0.244
KABEHERE §(44.4) 29(52.7) 0.37 0.542
HHRE 12(66.7) 26(47.3) 2.04 0.153
g 7 T 2 5(27.8) 9(16. 4) 0.52 0. 470
Ik 2 0C0) 7(12.7) 1.28 0.258
B R 1(5.6) 8(14.5) 0.35 0.553
ZHER 000) 1(1.8) 0 1. 000
YL 259 2011, 1) 10(18.2) 0. 11 0.737
LB 25 Y {3 ] =3 Fb 10(55. 6) 26(47.3) 0.37 0.542

IR ] 0.37 0.544
IfhE 9(50. 0) 23(41.8)

T 9(50. 0) 32(58.2)
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Table 3 Resistance of hv-CRKP strains from two groups to commonly used antimicrobial agents (No. of isolates [ % ])

W it P4 A Al /il e £ 30 18(100) 55(100) E 73 18(100) 55(100)
Sk At Mg Ak 18(100) 55(100) BT K R 2 18(100) 55(100)
Sk 18C100) 55(100) TR 17(94. 4) 53(96. 4)
S 743t g 18(100) 55(100) PSS 18(100) 53(96. 4)
S 76ty 5 18(100) 55(100) ZVEHH 17(94. 4) 52(94.5)
ERl3i 18(100) 55(100) VB S 000) 1(1.8)
3 F6L WR R /&7 1 30 18(100) 55(100) LAY R 18(100) 55(100)
Sk 76 by B / B 24 1 30 00 1(1.8) EINISRUY - 18(100) 55(100)
S 18C100) 55(100) A7 Tk M T e 17(94. 4) 51(92.7)
e s 7 18(100) 55(100) B R 1(5.6) 6(10.9)

2.6 MLST, X B h AL &N KREFHL
MLST | 3 6 IfiL v 79 A6 I 25 S 7% . 73 #& hv-CRKP
AEBR ST11 AL, Horpr,35 #k(47. 9%) ) KL64,38
B (52,1200 2 KL25, B 8 R BUR A 5 0 % R AE
T hv-CRKP 2 JE i 3 AL 40 A b4, 22 5 B 483t
FREX(P>0.05), RS HENA SR 8o, T f
R R 2 45 R B PR O BRI (yag V/ecPE | yagW/
ecPD.yagX/ecPC.yagY/ecPB.yagZ/ecPA.ykgK/
ecPR) AT & (fePCLent A/B 5 ) VHB /R 7R G
% (yorE, you' T, yor U, ybt A, yboiP. ybrQ. yorX Fi
ybtS TP FE AT & GucA/B/C R iut A VR
FERTL AT Gmp A F/E rmp A2) F {2 22 1
AR OmPA JER AL 1 BRI (1. 37 20 K b T
K& (iroB/C/D/N)

2.7 whME AR R RS E I
I 73 % hv-CRKP 3 DT 25 e, 25 R BRI
PR PR 34 45 A il 7 & B 2h 38 ) blagee s AR R Y
blaIMp J)lavm \blaNDM \blaoxA hkc%/ﬂ\:{ﬁﬁﬁ%%ﬁ%%
K. blaspy ZFIEA R B 0 75 R BURA 5 0EE R
Ik % 41 hv-CRKP 1 #k F 70 A A 6], 5E 51 2
blasnv—m*ﬂ blasm124E@$E%3Fﬁﬁﬁ‘ééﬁ*ﬁ?ﬁﬁf,

T W96 5 2 SRR 2L v 495 AR IR MR I 26 L S
OB S DO BA R LA R S 24 R N LBR ane
(37)-Ta Sp JTEWE % 3 BURA 5 055 R AR GUSAH +
Al R =>65% . 73 Bk hv-CRKP B8 % i 25 3 A
FfosA Fl fosA6 ¥ R FHE, M fosA3 X TE#E 8 &% Ik
UKL 1 bR, T 4,

2.8 hv-CRKP B ILHFoAH KM 12 MK
Wil 7 b BT ok, W OUWOM g2 W 2 BT AL IncFII
(PHN7AS8) fil IncR., &I 1 B#E 4R ir0B/C/D/N
BN HN R ST 11-K64 hv-CRKP, HH 4 i1 ks 4
T fosA3 FEN 5 #IE T N BUORL Kvpn-1, WL 5.
2.9 BrEFMAGHERARZTASR > H it
HE DR e 0 — 25 3 M 9 B 2R T 24 R Ok I (fos A
JosA2, fosA3, fosA4, fosA10, fosB, fosB, fosC,
fosX, murA., uhpT, glpT. uhpA/B/C., cyaA FN
prsD RASFIGR I 55 BRI A W AR KA mar A
Fr Leu359GIn RAZ G . 75 fosA. fosA6 [ Ik
ffo REHMBE R RLERG uhpT A0 W3 H
(i wuhpA/B/C I ptsD 572, DL K H Al #5553 & i
fiti B R (A fosA2. fosA5. fosA10, fosB. fosC.
fosX), W6,
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Table 4 Carriage status of antimicrobial-resistance genes in two groups of hv-CRKP strains (No. of isolates [ % ])

ik B I blagpe 18(100) 55(100)

s 45 i 25 qnr-S1 17(94. 4) 54(98.2)

blulMp 0(0) 0(0)
bluvnv[ 0(0) 0(0)
17(94. 4) 51(92.7)
blanpm 0C0) 0C0)
blaoxaike 0€0) 0€0)
BP9 15k e i blacrx-vics 17(94.4) 50090. 9) 18100) 55(100)
blas]—[v,“ 4(22. 2) 4(7. 3)
blasny-12 6(33.3) 28(50.9)
blas]-]qug 1(5.6) 1(1. 8)
blaspv-134 5(27.8) 27(49. 1)
blasnv-iss 4(22.2) 4(7.3) 14(77. 8) 36(65. 5)
blasnv-1s2 4(22.2) 4(7.3)
blasmv-1s7 2(11. 1) 5(9. 1)
blaTEMqos 18(100) 55(100)
LAP 18(100) 55(100)

F5 PR R GURAEEBUR hv- CRKP & 43 i 15 5 ik (0) ]
Table 5 Replicon distribution of FOS-susceptible and FOS non-susceptible hv-CRKP (No. of isolates [ % ])

IncFIB(AP001918) _1 0C0) 1(1.8) IncR_1 18(100) 55(100)
IncFIC(FID _1 0C0) 1(1.8) Col(MG828)_1 0C0) 1(1.8)
IncFII(PHN7AS8) _1_PHN7AS8 18(100) 55(100) ColRNAI_1 18(100) 55(100)

R 6 hv-CRKP T3 bk 4 55 3 A 5 25 3 P 58 48 73 A

Table 6 Distribution of FOS-related resistance gene mutations in hv-CRKP strains

KP137 64 + - + Leu362GIn Gly305Cys / / / /

KP157 128 + - + Leu368GIn Gly305Cys / / / /

KP159 1024 + - + Leu370GIn Gly305Cys / / / /
KP174  >1 024 + + + Leu373GIn / / / / Ser272Phe
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%% 6 (Table 6, Continued)
zg B‘ii,/?ml\f)IC fosA  fosA3  fosA6 murA glpT uhpT uhpA/B/C  pts] cyaA
KP37 128 + - + Leu379GIn Gly305Cys / / / /
KP4 64 at = + Leu380Gln Gly305Cys / / / /
KP41 128 + - + Leu381GIn Gly305Cys / / / /
KP43 64 + = + Leu383Gln Gly305Cys / / / /
KP52 64 + - + Leu387GIn Gly305Cys / / / /
KP67 256 + = + Leu392Gln Gly305Cys / / / /
KP84  >1024 + - + Leu396Gln f e / / / /

T+ R P s — BRI B 5 /AR R e LR R IR P 9 R AL

3 Wit

14 2 T i 245 T EL A R AF BB R R A
P B R R CNCNIR YT 2 E I 25 4 2% B R
WAEL S 2i W . 22 T PR BT 53 52 . W B R AE A 4R
TR R B B T R AN AR AR R R g R
Yl PR 48 L B 56 T R e e R A R R
WGBS AR B R KA AT T AR R IR AR
H W FE R AT AR S ME IR T MRSA TR I AE Y # kL
Jrikle,

REAEWFZE WK, 858 B 4 CRKP [y 25 %
H 20, 7% ~80% . o E A0 B TR 25 W R 2023 4
A A R, KP4 B % % 1 25 % R 20. 6%,
CRKP 3} 50. 1%, ABFIER G0 MW 5 Kt 25 hv-
CRKP &G 1 1 RAFFAE 43 F T AT 96 2 S 25 LA
2 WY LWl 2 2K 24 1k A 0 AE A L T AT BB 1 AN R i
INEET

W% R i 2578 hv-CRKP J& Yy (8 5 v 85y 3% 3
AW 73 Bk hv-CRKP H1,34 £ (46. 6 %) %t
Wi R 25, @ T Wang 7 RGE 1) 14. 3% M
189 20 (4331 2 v JIT 5 e B i) 5 Sk i 3 1)
fit 25 %43 . 71. 2% ) hv-CRKP 3§ b o T 1F 1%
LT Li 25 RGE [ 59. 4% hv-CRKP 4355 A
W36 L ] e 55 A 5% R 43 fB A A O il S ek
K.

W5 2R AR BB 2 1Y) TR R R TR 0 A ) SRR
PR PR RS MR ARG WK ARG FEZ D
72 W 33K 26 T bk 1 1% B R U B % AR AE 2 TR L
AR , B3 I R 1 T A0 e i 78 JaR e S A7 114 9 T
A 5 R 5. e Ah . A5 b hv-CRKP 3 25k
B ICU Fudf 2 4B, g B0 I — 35 51 O 5 s By 2 R

LA RAE 5 0 I R AE D hv-CRKP 8
Tha7 fE B N E L5 e A .

ARG Z AR BURZ hv-CRKP e 35 IR
I RO R T R BURAL % 2 R SRS IE N
CRKP J&&ye ik 57 & 55 B 28 109 90 17 95 = 4 E A A
EAF I R I B B A B m i JE 3 B
YU 258 . AME ICU R 97 . #-471= 28 Mk #4 An
TR A AT B B[] 3 24 & hyv-CRKP & 3L 1) 15 &
RZEY, Witk dr iR B ERPUSRA S HER
FEHURA XS 026 B R R S HU R 259
FA T 24 28 4 A 8 s AL ) P 3R 25 S R e B S X ]
A VR Tl 2 25 5L KR 9 B o VR R AL AR 6 At 4t
R E Uy 2 A RS Sa o Eil
TR Fh TR 2 Sk At mE /BT 4 L A 2 IR 9T hy-
CRKP YA L 2597 .

FOR a3 F AT 2 40 A 3R WL ST e B A 2
hv-CRKP [ FE F 171 &, KL64 5 KL25 K H F
TR IERE MG Y . K IR I A A ) R )
AH G . AT RE 3G 5 PR AE A R PN Y 38 R 1 AN S0 Rg
T BT A AR5 2 B ) BE D A5 Zb BT AH OC
FEE N ecp BRI G VRS G LB Can fepC,
ybr FEFRZ) » LA AR IR £5 G 2 35 (yor SEH K
W) X 4 8 ) A F AT fe 3 W] 4E L 7 hv-CRKP
PR IR 58 R Y B v B R AR G R BRI
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CRKP 58 B & B AR 45417 [ I 5 355 ) JE A Fn e 5 25
075 TR 22 B R ORI AN AR A T ) )
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K64 .K25 Fl O $1 5 02 A8 1, I3 45 4 65 55 /R
ARG BAR R G (B 41k ICEKP3 #7457 yor9) 1
B, S5 G — 30 ST 74 it 25 55 I f A% .0 3
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mur A5 PR BELUBT 20 B 40 BE A L. mar A AL
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