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Distribution of serotypes and virulence genes in hypervirulent
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Abstract: In order to investigate the distribution of serotypes and virulence genes in hypervirulent Klebsiella
pneumoniae (HVKP) and to explore the molecular markers, Klebsiella pneumoniae (K. pneumoniae)
strains were collected and divided into the HVKP group and classic K. pneumoniae (cKP) group. The
results showed that the positive rate of serotype K1 in the HVKP group was 60% , which was significantly
higher than that in the cKP group. The positive detection rates of rmpA2., magA. fimH, aero. iutA,
kfuBC in the HVKP group were significantly higher than those in the cKP group. According to the Yoden
index, the diagnostic efficacy of these molecular markers ranked from high to low was as follows: iutA >

kfuBC > magA (K1) > aero > fimH > rmpA2. Multivariate logistic regression analysis showed that
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rmpA2. magA. fimH, aero, iutA and kfuBC could be used as molecular markers of HVKP, especially

iutA.

Keywords: Hypervirulent Klebsiella pneumoniae ; Serotype; Virulence gene; Molecular marker
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Tab. 1 Clinical characteristics of 25 strains of HVKP
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%2 KPmiEE PCR 5|4
Tab. 2 Primers used for detecting KP serotypes by PCR

Serotype Sequence (5'-3") bp Annealing('C)

K100 K1-F GGTGCTCTTTACATCATTGC 1283 58
K1-R GCAATGGCCATTTGCGTTAG

K2 K2-F GACCCGATATTCATACTTGACAGAG 641 58
K2-R CCTGAAGTAAAATCGTAAATAGATGGC

K50 K5-F TGGTAGTGATGCTCGCGA 280 58
K5-R CCTGAACCCACCCCAATC

K20t K20-F CGGTGCTACAGTGCATCATT 741 58
K20-R GTTATACGATGCTCAGTCGC

K541 K54-F CATTAGCTCAGTGGTTGGCT 881 58
K54-R GCTTGACAAACACCATAGCAG

K570 K57-F CCAGTAATCAGTCCAGAAACAACC 1037 58
K57-R TAGCTTTTTTCATTCTTGTGTTTGTT

&3 KPHHERPCR3Y
Tab.3 Primers used for detecting KP virulence genes by PCR

Virulence genes Sequence(5'-3") bp Annealing(C)

rmpALS rmpA-F ACTGGGCTACCTCTGCTTC 516 58
rmpA-R CTTGCATGAGCCATCTTTCA

rmpA 25 rmpA2-F TGTGCAATAAGGATGTTACATTAGT 535 58
rmpA2-R TTTGATGTGCACCATTTTTCA

aero"® aero-F GCATAGGCGGATACGAACAT 556 49
aero-R CACAGGGCAATTGCTTACCT

weaGe! weaG-F GGTTGGKTCAGCAATCGTA 169 49
weaG-R ACTATTCCGCCAACTTTTGC

alls™® allS-F CCGAAACATTACGCACCTTT 508 49
allS-R ATCACGAAGAGCCAGGTCAC

fimH"% fimH-F TGCTGCTGGGCTGGTCGATG 688 49
fimH-R GGGAGGGTGACGGTGACATC

uge® uge-F TCTTCACGCCTTCCTTCACT 543 49
uge-R GATCATCCGGTCTCCCTGTA

wabG % wabG-F ACCATCGGCCATTTGATAGA 683 49
wabG-R CGGACTGGCAGATCCATATC

ureAU urea-F GCTGACTTAAGAGAACOTTATG 337 55
urea-R GATCATGGCGCTACCTCA

iutAH® iutA-F GGCTGGACATCATGGGAACTGG 300 55
iutA-R CGTCGGGAACGGGTAGAATCG

iroNB"® iroNB-F GGCTACTGATACTTGACTATTC 992 50
iroNB-R CAGGATACAATAGCCCATAG

ybtAL® ybtA-F ATGACGGAGTCACCGCAAAC 960 55
ybtA-R TTACATCACGCGTTTAAAGG

kfuBC"® kfuBC-F GAAGTGACGCTGTTTCTGGC 797 55
kfuBC-R TTTCGTGTGGCCAGTGACTC

mrkD"% mrkD-F TTCTGCACAGCGGTCCC 240 49

mrkD-R GATACCCGGCGTTTTCGTTAC
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TR By A R AR A . PCR &R 20 pL:
1 uL DNA #itf 0.5 nL 519 R.0.5 pL 5[4 F.10
pL Premix Taq (TaKaRa Premix Taq Version
2.0).8 uL ddH,O, PCR %14 WA % 95 C 3
min; 25 95 'C 30 s. Bk GRIE L 2.3) 30 s. 4E
f#1 72 C 1 min, 30 M #; 72 C 4E4F 10 min,
PCR J=YJTE 1% ¥ B2 B i W 56 e v L Kk (L 120
V., B[E] 30 min) , 258 A AR AT IR ERAE
1.3 HitEFHZE

I SPSS 20. 0 #4748t 0r . e
KRR LR, X 2 A2 A W2 R0 s
B L R AR R R T RN 2 8 F
. N T Logistic [H (] f5 . LRO X3 Fhr &
VI T 2 H E T, P<<0. 05 WA SH 25,

2 FR

2.1 HVKP AFZERAMEFER A K1 &

HVKP 25 (25 #) 5 LAY I TE 24 oy K1 AL,
i 60% (15/25) ; 53k ki3] K2 Fi K20 4% 2 B,
) 1 7 B K5, K54 Al K57, HVKP 415 cKP
AL I Y K1 A GEiT2A 2253 (5 = 9. 983, P<<
0.05),K2 il K20 BARTESE it B2 5 (HiX 2
Pl 70 B AE HVKP 4 i3] (5 4)

*x4 HVKP 5 cKP MmEE L&
Tab. 4 Comparison of serotypes between HVKP and cKP

Serotype HVKP ckP X P
(n=25) (n=28)
K1 15 (60.00%) 5(17.86%) 9.983 0.002
K2 2(8.00%) 0 - 0.218
K5 0 0 - -
K20 2(8.00%) 0 - 0.218
K54 0 0 - -
K57 0 0 - -

2.2 BENERSH

HVKP 4 g g 2 K B =R 5 i (9 i 3 FiA
uge . fimH Fl wabG , 435l 5 100% .96% Fl1 92% .,
5 cKP A LE. 3 ) 2 N A GE it o 22 = i 2
rmpA2 (5* = 6.335, P = 0.012), magA (y* =
9.983,P=0.002) . fimH (y*=9.389,P=0.002),
aero (y* = 6.692, P = 0.010) . iutA (5* = 23. 645,
P =0.000) ., kfuBC (* =14. 018, P =0.000) , H:fth

FEH BARAEGTT2E FIC2E 7 B AE HVKP 41 rh 5L
I PR R IEAER = T cKP 2, s KrE A &, v]
RSB RIS R (R 5,

XF HVKP 5 cKP 42 5] 1 3 25 7 09 50 Fhr
B T RO R S B VA R RN 2 5k 4R
. ARSI ECK RS S W e B e 2IIGHE
5 : iutA > kfuBC > magA (K1) > aero > fimH >
rmpA2, %% & Logistic [B1 17381, & B iutA
£ HVKP 5 cKP A Z M A Git %25 (P =
0.002), W3 6.3 7 FE 1.

%5 HVKP 1 cKP ZFHERFLE

Tab. 5 Comparison of virulence genes between HVKP and
cKP

Virulence HVKP cKP ) p

genes (n=25) (n=28) X

rmpA 15(60.00%) 13(46.43%) 0.976 0.323
rmpA2 20(80.00%) 13(46.43%) 6.335 0.012
magA 15 (60.00%) 5(17.86%) 9.983 0.002
weaG 9(36.00%) 7(25.00%) 0.758 0.384

fimH 24(96.00%) 17(60.71%)> 9.389 0.002

mrkD 18(72.00%)  16(57.14%) 1.268 0.260
uge 25(100%) 23(82.14%) 3.061 0.080
wabG 23(92.00%) 23(82.14%)> 0.425 0.515
aero 16 (64.00%) 8(28.57%) 6.691 0.010
iutA 18 (72.00%) 2(7.14%) 23.645 0.000
iroNB 4(16.00%) 0 2.824 0.093
ybtA 23(92.00%) 21(75.00%) 1.636 0.201
kfuBC 20(80.00%) 8(28.57%) 14.018 0.000
ureA 22(88.00%) 26(92.86%)> 0.018 0.894
allS 9(36.00%) 6(21.43%) 1.382 0.240
0.7
0.6}
0.5}
0.4F
0.3}
0.2}
0.1}

0 1 1 1 1 I}
K1 rmpA2 magA  fimH aero iutA- kfuBC
1 HVKP 5 FIREMAEEY

Fig. 1 Yoden index of molecular markers in HVKP
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&6 HVKP SFIREMETRE  RYE $57EM ORE

Tab. 6 Accuracy, sensitivity, specificity and OR value of molecular markers in HVKP

Molecular . . Yoden
markers Accuracy(%) Sensitivity(%)  Specificity(%) index OR (95% CD
K1 71.7 60.0 82.1 0.421 6.900 (1.967,24.209)
rmpA2 66.0 80.0 53.6 0.336 4.615(1.350,15.784)
magA 71.7 60.0 82.1 0.421 6.900 (1.967,24.209)
fimH 66.0 96.0 39.3 0.353 15.529 (1.828,131.902)
aero 67.9 64.0 71.4 0.354 4.444(1.397,14.138)
iutA 52.8 72.0 92.9 0.649 33.429 (6.215,179.805)
kfuBC 75.5 80.0 71.4 0.514 10.000 (2.787,35.885)
&7 HVKP 5 FHREME EE Logistic @347
Tab.7 Multivariate logistic regression of molecular markers in HVKP
Molecular markers B S.E. Wals P Exp(B) 95% CI
K1 1.045 1.115 0.879 0.349 2.844 0.320,25.282
rmpA2 —1.569 1.144 1.882 0.170 0.208 0.022,1.960
aero —-1.582 1.248 1.609 0.205 0.205 0.018,2.370
fimH 2.067 1.272 2.644 0.104 7.900 0.654,95.439
iutA 4.377 1.432 9.340 0.002 79.623 4.807,1 318.947
kfuBC 0.473 1.075 0.194 0.660 1.605 0.195,13.192
3 i IV AT BRI DTS S R AT . #36W] K1

B & T HVKP 14> F br & Y AH i i A
%, AWGTRAR ZR LR G B3 43 2 0 TR R Rk
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RS cKP 2 TG 22 57, X A g SAEAR 4

RUE HVKP S UL i i 7Y

JERE L2 HE K1 AL 3 2 PR 1 2L R magAl
5T R magA RAFET K1 & KP @tk i K1
RIPIA N JE HVKP B9 EZ MR magA 55
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P v 2045 1 T8 B 6 H AL — A
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TR rmpA FlrmpA2 FAYERB AR ED

ARG HVKP 41 magA Fl rmpA2 54 43 5]
i 60. 00%F1 80. 00% » 5 cKP 2 Z [ G5 it 27 2%
5, AR HVKP (Y E 250 i, 5 H A5
g R, rmpA TE HVKP 241 FH M %k
60. 00% . 7E cKP 41 fHM: K 46. 43% , B SR HVKP
HIEMRE T cKP A HEAEGI =L EES. 5
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PER Ty 60. 71%, Fi Geit 225+ (= 9.389, P =
0.002); fii mrkD #£ HVKP 41 v [H ¥ % K
72.00% . 7E cKP 1 AR 57. 14% , o4t it
25 =1.268, P =0.260). BEIRWHLE HVKP
Hl cKP 21 rp AV ZR AR (B2 fimH F mrkD 1y
PSS M R, B fimH $88  HVKP 19 7] fig
i

BT 0 BT ARG G L BRI R G 2
A EEE T TOLE . AR R kfuBC 4ifd
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K2 i A ) HVKP 2 0L ARWF5E v kfuBC
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28.57% i #H ZF 5K (5 =14.018, P =0.000),
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